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PART 1 - GENERAL 


1.1 SECTION INCLUDES 


A. Laboratory service fittings, valves, and related components. 


B. Laboratory emergency plumbing fixtures. 


C. Laboratory sink units. 


D. Hose reel. 


E. Overhead Service Reel 


F. Hose rack. 


G. Quick disconnect couplings 


1.2 RELATED SECTIONS 


A. Division 22: Plumbing 


B. Division 23: Heating, Ventilated, and Air-Conditioning 


C. Section 222000: Laboratory Plumbing 


D. Division 26: Electrical 


1.3 REFERENCES 


A. Conform to SEFA 2-2010 Recommended Practices for Installation and SEFA 7-2010 


Recommended Practices for Laboratory Fixtures as published by the Scientific Equipment 


and Furniture Association.  


1.4 DESCRIPTION 


A. Work includes but is not necessarily limited to furnishing to the project site for installation 


by Division 22, all laboratory fixtures, fittings, and emergency plumbing fixtures described 


herein and shown on the Laboratory Furnishings Drawings. 
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1.5 SUBMITTALS 


A. Refer to General Conditions and Division 1 “Submittal Procedures” for submittal 


requirements.  In addition to these requirements, provide submittal requirements 


specified herein. 


B. Submittal requirements: 


1. Submittal shall be prepared individually for this specification section.  Arrange 


product data, drawings and information for submission in a complete set for this 


specification section. 


2. Submittal shall contain complete data for all items of this specification section.  


Periodic or partial submittals of individual components within this specification 


section will be returned as incomplete and rejected. 


3. Submittals shall be organized by specification sequence with section and paragraph 


number identified. 


4. Equipment and components being proposed shall be clearly labeled with all options 


and accessories indicated and shall be for this specific project. 


C. Materials List/Product Data: Submit complete materials list, including catalogue data, of 


all materials, equipment, and products for Work in this Section. 


D. Shop Drawings: Submit complete shop fabrication and installation drawings, including 


plans, elevations, sections, details and schedules. Show relationship to adjoining materials 


and construction. Shop Drawings shall be in the form of reproducibles or photocopies, not 


to exceed 11inches x 17 inches (A3) in size. Blueline prints are not acceptable. 


E. Approved Substitution/Approved Equal:  In addition to the items required in Division 1, all 


substitution requests shall include item-by-item comparison of the proposed substitution 


to this project specification.  A copy of the project specification shall be submitted, with 


each item and subsection of the project specification marked as “Comply” or “Not 


Comply.”  In any cases where “Not Comply” is indicated, an explanation of the relative 


advantages of the proposed design shall be provided. 


1. Substitution shall not affect dimensions shown on Drawings. 


2. The Contractor shall pay for changes to the building design, including engineering 


design, detailing, utility and service requirements, and construction costs caused by 


the requested substitution. 
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3. Substitutions shall have no adverse affect on other trades, the construction 


schedule, or specified warranty requirements. 


4. Maintenance and service parts shall be locally available for the proposed 


substitution. 


F. Samples: Submit two (2) samples of each type of specified finish and color specified. 


G. Certifications: As a condition of acceptance, submit certification stating that equipment is 


complete and ready for intended function. 


H. Operations/Maintenance Manuals: Accompanying certification, submit for Architect's 


review and Owner's use, complete operating and maintenance manuals that describe 


proper operating procedures, maintenance and replacement schedules, components 


parts list, and closest factory representative for components and service. 


1.6 PRODUCT HANDLING 


A. Protection: Use all means necessary to protect work of this section before, during and 


after installation including installed work and materials of other trades. 


B. Replacement: Any damaged work shall be replaced, repaired and restored to original 


condition to the approval of the Architect at no additional cost or inconvenience to the 


Owner. 


1.7 QUALIFICATIONS 


A. Work in this section shall be performed by a company having a minimum of eight years 


documented experience, and an established organization and production facilities 


including all tools, equipment and special machinery necessary for specializing in the 


fabrication and installation of the type of equipment required, with skilled personnel, 


factory trained workmen and an experienced engineering department. Each shall have 


the demonstrated knowledge, ability and the proven capability to produce the specified 


equipment of the required quality and the proven capacity to complete an installation of 


this size and type within the required time limits. 


B. Work in this Section requires close coordination with Work in electrical and mechanical 


Sections. Coordinate all Work to assure an orderly progress in the Project, without 


removal of previously installed Work, and so as to prevent damage to finishes and 


products. 


C. Review conditions of installation, procedures and coordination with related Work. 
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D. Carefully inspect the installed Work specified in other Sections and verify that all such 


Work is complete and ready for the installation of this Work to properly commence. 


E. Verify that all Work may be installed in complete accordance with the original design, 


reviewed submittals and manufacturer's recommendations. 


1.8 WARRANTY 


A. All products will be warranted to be free from defects in materials and workmanship for a 


period of one year following substantial completion. The 


manufacturer/dealer/subcontractor shall repair or replace any products (or parts thereof) 


that are found to be defective. Replacement will include any parts, labor, shipping, and 


travel expenses involved. Warranty replacement work must be scheduled in coordination 


with the College’s academic schedule and may therefore require evening and/or weekend 


hours.  


PART 2 - PRODUCTS 


2.1 GENERAL 


A. All service fittings and emergency plumbing fixtures shall be specifically designed for 


laboratory use. 


B. Service fittings, emergency fixtures, sinks, etc. specified in this Section shall be furnished 


and delivered to point of use for installation as specified in Division 22. 


C. All service fittings shall be factory pre-assembled including the assembly of valves to 


turrets, mounting shanks to turrets, etc., and individually factory tested. 


D. All laboratory service fittings shall be the product of one service fitting manufacturer to 


assure ease of replacement and maintenance. 


E. All service valves, fittings, turrets, flange and accessories shall be forged brass with a 


minimum copper content of 85%.  


F. Provide fittings as shown in laboratory fitting details for all laboratory equipment at 


locations shown on the Laboratory Furnishings drawings. See Service Fitting Schedule.  


G. Assembly components and operating parts such as valve stems, renewable units, packing 


nuts, outlet nozzles and straight serrated hose ends shall be made from solid brass stock. 
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H. Replaceable seats, needle cones, valve disc screws and other accessories shall be Monel 


or stainless steel alloys especially selected for use intended. 


I. Fittings shall be factory tested and shall be supplied with nipples, lock nuts, shanks, etc. 


J. Serrated tip fittings shall be threaded with the hose end being tapered.  


K. Turrets shall be brass drop forging of design indicated in details shown elsewhere in the 


Section and shall be one or two-way, as required, with 3/8 inch  (9.525 mm) IPS female 


inlet thread for connections. Units shall be furnished with brass shanks, brass locknuts, 


and washers. 


L. Fittings located on the same plane shall have their handles project the same distance 


from the plane of reference to present a uniform related appearance, regardless of valve 


type construction. 


M. Flanges shall be brass forging of approved design with 3/8 inch (9.525 mm) IPS female 


inlet and outlet. 


N. All goosenecks shall provide full thread for attachment of aerator or serrated hose ends.  


O. Hot water/cold water gooseneck mixers and wall-mounted cold water goosenecks shall 


swivel. Swivel point shall be above valve body or at valve level if wall mounted. Swing 


joints shall have heavy Teflon type packings; "0" rings will not be permitted. Cold water 


goosenecks at cup sinks shall be rigid. 


P. All fittings shall have plastic colored service index buttons as specified in this Section. 


Q. Flow stop shut-off valve with lever handle on compressed air (AIR60-100) fittings are not 


acceptable and shall not be acceptable at wall, hood, overhead, or panel mounted 


conditions. 


R. Provide approved backflow preventers at hand held drench hoses. See details on 


Laboratory Furnishings drawings. 


S. Provide durable 1inch x 3 inch (25 x 75 mm) sign “NONPOTABLE WATER, DO NOT DRINK” 


at each bench mounted industrial water fitting, see details on Laboratory Furnishings 


drawings. 


T. Provide plug and socket (2-piece) quick connect service fittings for all compressed air 


(AIR60-100) fittings and processed chilled water supply and return fittings. 
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U. Fittings and fixtures designated to be accessible to persons with disabilities (ADA) with 


operable parts shall be operable with one hand and shall not require tight grasping, 


pinching, or twisting of the wrist. The force required to activate operable parts shall be 5 


pounds (22.2 N), maximum.  


2.2 LABORATORY SERVICE FITTINGS 


A. Manufacturers: 


1. Products, which comply with this specification section as judged and approved by 


the Architect, may be provided by the following manufacturers. All products 


specified in this section shall be provided by a single manufacturer. 


a. Water Saver Faucet Co., 701 West Erie Street, Chicago, IL 60610 Tel: (312) 


666-5500. 


b. T&S Brass and Bronze Works, Inc., 2 Saddleback Cove, P. O. Box 1088, 


Travelers Rest, SC 29690 Tel: (800) 476-4103. 


c. Broen, Inc., 2820 Commerce Blvd., Birmingham, AL 35210 Tel: (800) 446-


7326. 


d. Approved substitution. 


B. Cylindrical Pattern:  


1. All service fittings shall have WaterSaver Standard turret style as the basis of 


design. 


C. Handles: 


1. Faucets designated to be accessible to persons with disabilities (ADA): provide 4 


inch “wrist-blade” handles with color coded screw-on index (identification) discs. 


Wrist-blade handles to be installed in the vertical position (off). 


2. Laboratory gas, air and vacuum valves at workstations indicated to be accessible to 


persons with disabilities (ADA): Provide ball valves fitted with lever-type handles 


and color coded screw-on index (identification) discs. 


3. Other fittings shall be fitted with black hooded type handles and color coded screw-


on index discs. 


D. Finish: As described elsewhere in this section. 
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E. Water Valves: 


1. Water valves shall include a renewable unit containing all the working parts which 


are subject to wear, including stainless steel or monel seat, monel screw and heavy 


duty seat disk and Teflon packing. 


2. Volume control at deck mounted water faucets: 


a. Compression unit with integral adjustable volume control to regulate size of 


inlet port of valve. 


3. Volume control at fume hood water outlets: Serrated hose end shall have a 0.5 


GPM removable flow restrictor insert to allow a perfect flow out of the outlet and 


eliminate any splashing or wide pattern spray. 


4. Goosenecks: Unit shall be capable of being readily converted from compression to 


self-closing, and vice versa, without disturbing faucet body and shall also be 


capable of being readily converted from water construction to needle valve or 


steam valve construction having outside packing gland without disturbing faucet 


body. 


5. Unit shall be sealed in valve body with special composition gasket. Metal-to-metal 


or ground joint type of sealing is not acceptable. 


6. Water fixtures shall be fully assembled and factory tested at 80 psi (0.55 MPa) 


water pressure. 


F. Needle Valves: Fully assembled and factory tested at 225 psi (1.55 MPa) air pressure. Gas, 


air, vacuum and steam needle valve fittings shall have stainless steel replaceable floating 


cone that is precision ground and self-centering which shall seat against a stainless steel 


or monel renewable valve seat. Action of valve shall be slow compression for fine control 


under pressure up to 150 psi (1.03 MPa) and shall have subject-to-wear parts easily 


replaceable. Provide pressure regulators designed for use with the appropriate service at 


locations indicated on the Laboratory Furnishing drawings. Needle valves for natural 


(laboratory) gas service shall be certified for use with natural gas by the Canadian 


Standards Association under ANSI Z21.15-2009/CGA 9.1-2009. Needle valves in fume 


hoods shall be mounted on the front panel of the fume hood, with all components subject 


to wear accessible from the exterior face of the hood.  


G. Laboratory Ball Valves: Suitable for laboratory gas, air and vacuum and be supplied fully 


assembled and factory tested at 125 psi (0.86 MPa) air pressure. Ball valves shall be of 


quarter-turn (closed to fully open) design, be fitted with lever handle requiring less than 5 
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lbf (22 N) force to operate, and shall have subject-to-wear parts easily replaceable. Ball 


valves for natural (laboratory) gas service shall be certified for use with natural gas by the 


Canadian Standards Association under ANSI Z21.15-2009/CGA 9.1-2009. 


H. High Purity Water Valves: Suitable for purified water and provided with polypropylene 


liner. Valve stem and bonnet shall be brass.  


I. Service Fitting Color Index: 


Service Name Disc Color Letters Letter 


Color 


Lab Air Orange AIR Black 


Compressed Air Orange AIR60,90,100 White 


Gas Dark Blue GAS White 


Vacuum Yellow VAC Black 


Industrial Cold Water Dark Green ICW White 


Industrial Hot Water Red IHW White 


Cold Water (Potable) Dark Green CW White 


Hot Water (Potable) Red HW White 


High Purity Water White PW Black 


Deionized Water White DI Black 


Argon Violet AR White 


Nitrogen Brown N2 White 


Carbon Dioxide Pink CO2 Black 


Helium Black HE White 


Oxygen Light Green O2 Black 


CWS/R Green CWS/CWR Black 


Steam Black STM White 
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Service Name Disc Color Letters Letter 


Color 


Cylinder Gas Light Blue CYL GAS Black 


 


J. Service Fitting Color Index: Comply with DIN Standard 12920:1995-10, Color Coding of 


Operating Handles. 


2.3 LABORATORY EMERGENCY PLUMBING FIXTURES 


A. Manufacturers: 


1. Products, which comply with this specification section as judged and approved by 


the Architect, may be provided by the following manufacturers. All products 


specified in this section shall be the provided by a single manufacturer. 


a. Water Saver Faucet Co., 701 West Erie Street, Chicago, IL 60610 Tel: 312 


666-5500. 


b. Guardian Equipment, 1104N North Branch St., Chicago, IL 60642 Tel: 312 


447-8100. 


c. Haws Corporation, 1455 Kleppe Lane, Sparks, NV 89431 Tel: 775 359-4712. 


d. Approved substitution. 


B. All emergency plumbing fixtures shall comply with requirements of ANSI Standard Z358.1-


2009: American National Standard for Emergency Eyewash and Shower Equipment. 


C. All emergency plumbing fixtures shall be accessible to persons with disabilities in 


compliance with the requirements of the federal Americans with Disabilities Act (ADA), 


ADA Accessibility Guidelines (ADAAG), and state accessibility regulations. 


D. Barrier-free safety station with emergency shower actuation valve in stainless steel 


cabinet for recess mounting and wall-mounted eyewash with stainless steel skirt: Water 


Saver Model No. SSBF672-721, or equal, with the following characteristics or 


modifications.  


1. Wall-mounted, exposed showerhead. 


2. Exposed piping, showerhead, nipple, and escutcheon shall be chrome-plated brass 


with clear epoxy coating. 
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3. Exposed piping, showerhead, nipple, and escutcheon shall be chrome-plated brass 


with clear epoxy coating. 


4. Safety shower actuating arm shall be stainless steel. 


5. Showerhead shall have perforated stainless steel spreader.  


6. Safety shower actuating arm shall be mounted in a flanged, recessed-mounted 18 


gauge (1.3 mm) stainless steel cabinet with No. 4 finish. 


7. Flag/paddle shall be epoxy-coated cast aluminum or stainless steel. 


8. Eyewash heads shall be ABS plastic with float-off dust covers. 


9. Stainless steel skirt shall have No. 4 finish. 


10. Safety shower stay-open brass ball valve concealed behind stainless steel/access 


panel housing. Eyewash stay open brass ball valve concealed behind skirt. 


11. Fixture shall be furnished with green plastic sign with graphic symbol for safety 


shower/eyewash. 


E. Barrier-free safety station with swing-down eye/face wash and emergency shower 


activation valve in stainless steel cabinet for recessed mounting: Water Saver Model No. 


SSBF2170, or equal, with the following characteristics or modifications.  


1. Wall-mounted, exposed showerhead. 


2. Exposed piping, showerhead, nipple, and escutcheon shall be chrome-plated brass 


with clear epoxy coating. 


3. Safety shower actuating arm shall be stainless steel. 


4. Showerhead shall have perforated stainless steel spreader. 


5. Eyewash heads shall be ABS plastic. 


6. Eyewash flow shall be activated by swing-down actuation valve connected to 


eyewash piping. 


7. Eyewash components and safety shower actuating arm shall be mounted in a 


flanged, recessed-mounted 18 gauge (1.3 mm) stainless steel cabinet with No. 4 


finish. 


8. Stay-open brass ball valves concealed behind stainless steel/access panel housing. 
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9. Fixture shall be furnished with green plastic sign with graphic symbol for safety 


shower/eyewash. 


F. Eye/face wash: Deck Mounted AutoFlow 90 degree Swing-Down, Water Saver Model No. 


FE779LH-L, or equivalent. 


G. Alarm horn: Provide wall-mounted alarm horn with weather proof flow switch at every 


emergency shower unit location to sound when the safety shower is activated. Provide 


additional contacts for wiring to a remote monitoring system. Water Saver Model No. 


AP280-235, or equal. 


2.4 FINISHES 


A. Service Fittings: 


1. Satin (AISI No. 6 brushed finish) chrome with clear, acid-resistant coating:  


a. Chrome finish: All exposed surfaces shall be polished and buffed, then 


electroplated with one layer of nickel and one layer of chrome. Each layer of 


plating shall completely cover all visible areas. Total plating thickness shall be 


not less than 0.4 mil (10 µm).  


b. Clear epoxy coating: Following plating, clear epoxy coating shall be applied to 


all exposed surfaces and then baked to permit curing. Surfaces shall have a 


minimum coating thickness of 2 mils (50 µm).  


B. Service Fittings at Fume Hoods:  


1. Preparation: Surfaces to be coated shall be polished or sandblasted to produce a 


uniform fine-grained surface and immersed in a phosphoric acid cleaning solution 


to remove thoroughly all oil, grease and other foreign substances. 


2. Epoxy finish: Following cleaning, coating material shall be electrostatically applied 


to all exposed surfaces. After application, coating shall be fully baked to permit 


curing. Coating material shall be free-flowing epoxy powder with particle size of 1.4 


to 2.8 mils (35 to 70 µm). Surfaces shall have a minimum finished coating thickness 


of 2 mils (50 µm). 


3. Color: 


a. Fittings inside fume hoods shall have a colored finish color-coded to match 


the fitting service index color.  
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C. Performance requirements for coated finishes: 


1. Chemical resistance: 


a. Fume Test: Suspend coated samples in a container of at least 6 cu. foot (170 


L) capacity, approximately 12 inches (300 mm) above open beakers, each 


containing 100 mL of 70% nitric acid, 94% sulfuric acid and 35% hydrochloric 


acid, respectively. After exposure to these fumes for 150 hours, the finish on 


the samples shall show no discoloration, disintegration or other effects. 


b. Direct Application Test: Subject coated samples to the direct action of the 


following reagents and solvents at a temperature of 25°C dropping from a 


burette at the rate of 60 drops per minute for ten minutes. Finish on samples 


shall not rupture, though slight discoloration or temporary softening is 


permissible. 


Reagent Concentration 


Acetic Acid 98% 


Acetone  


Ammonium Hydroxide 28% 


Amyl Acetate  


Amyl Alcohol  


Benzene  


Butyl Alcohol  


Calcium Hypochlorite  


Carbon Disulfide  


Carbon Tetrachloride  


Chloroform  


Chromic Trioxide Acid  


Cresol  


Crude Oil  
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Reagent Concentration 


Dioxane  


Distilled Water  


Ether  


Ethyl Acetate  


Ethyl Alcohol  


Ethyl Ether  


Formaldehyde 37% 


Formic Acid 90% 


Gasoline  


Glacial Acetic Acid 99.5% 


Glycerine  


Hydrochloric Acid 38% 


Hydrofluoric Acid 48% 


Hydrogen Peroxide 5% 


Isopropyl Alcohol  


Lactic Acid 10% 


Kerosene  


Methanol  


Methyl Alcohol  


Methyl Ethyl Ketone  


Methylene Chloride  


Mineral Oil  
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Reagent Concentration 


Monochlor Benzene  


N-Hexane  


Naphthalene  


Nitric Acid  70% 


Perchloric Acid 70% 


Phenol  


Phosphoric Acid 75% 


Sea Water  


Silver Nitrate 30% 


Sodium Bichromate Saturated 


Sodium Carbonate 10% 


Sodium Chloride 20% 


Sodium Hydroxide 50% 


Sodium Hypochlorite  


Sodium Sulfide  


Sulfuric Acid 87% 


Toluene  


Trichlorethylene  


Turpentine  


Urea Saturated 


Xylene  


Zinc Chloride Saturated 
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2. Mar and abrasion resistance: Coating material shall have a pencil hardness of 2H – 


4H with adhesion substantial enough to withstand both direct and reverse impacts 


of 160 inch-pounds (18 Nm). Coating shall have excellent mar resistance and be 


capable of withstanding scuffing, marring and other ordinary wear. 


3. Repairability: Scratches and other localized surface damage shall be 


field-repairable. 


2.5 LABORATORY SINKS 


A. Epoxy Resin: 


1. Manufacturer: Manufacturer shall be the manufacturer of epoxy resin work 


surfaces specified in Section 115310. 


2. Laboratory Sinks: 


a. Drop-in Type: Drop-in installation by Division 11 in epoxy resin work surface, 


sizes as indicated on drawings. Color to match work surface.  


b. Comply with the requirements of Section 115310 for epoxy resin.  


c. All exposed edges shall be radiused not less than 1/4 inch (6 mm). 


d. Provide epoxy resin sink outlet in color to match sink with strainer, stopper 


and open-end overflow, and install in sink with continuous bead of silicone 


sealant.  


1). At black epoxy resin sinks, outlet shall be black polypropylene. 


2). Where Garbage Disposers occur, provide outlet opening to match 


disposer’s sink flange mounting assembly. 


e. Provide tailpiece compatible with waste piping system for all sinks unless 


otherwise specified. Refer to Division 22 for piping requirements. 


B. Epoxy Resin - Cup Sinks: 


1. Fume Hood Locations: Provide cup sinks at fume hoods as described in Section 


115313. 


2. Laboratory Work Surface Installations: 


a. At fume hoods - Raised rim, color to match work surface, sizes as indicated 


on drawings, with integral threaded tailpiece. 







SAN DIEGO STATE UNIVERSITY SECTION 115343 


EIS COMPLEX LABORATORY SERVICE FITTINGS AND FIXTURES 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115343 - 16 RFD 


b. At benchtops - Flush with work surface, color to match work surface, sizes as 


indicated on drawings, with integral outlet and threaded tailpiece. Tailpiece 


shall be compatible with waste piping system for all sinks unless otherwise 


specified. Refer to Division 22 for piping requirements. 


3. Provide strainer for all cup sinks. 


4. Provide mounting bracket for wall-mounted cup sinks. 


C. Stainless steel: 


1. Laboratory Sinks: 


a. Refer to Section 115310, Stainless Steel Fabrications. 


b. Provide stainless steel strainer, outlet, standpipe overflow and stopper for all 


sinks unless otherwise specified. 


c. Provide tailpieces compatible with waste piping system for all sinks unless 


otherwise specified. Refer to Division 22 for piping requirements. 


2. Cup Sink: 


a. Fume Hood Locations: Provide cup sinks at fume hoods as described in 


Section 115313. 


b. Laboratory Work Surface Installations: Refer to Section 115310, Stainless 


Steel Fabrications. 


c. Provide strainer, outlet and tailpiece for all cup sinks. Tailpiece shall be 


compatible with waste piping system for all sinks unless otherwise specified. 


Refer to Division 22 for piping requirements. 


d. Provide mounting bracket for wall-mounted cup sinks. 


3. Scullery Sink: Refer to Section 115310, Stainless Steel Fabrications. 


a. Provide stainless steel strainer, outlet, standpipe overflow and stopper for all 


sinks, unless otherwise specified. 


b. Provide tailpieces compatible with waste piping system for all sinks unless 


otherwise specified. Refer to Division 22 for piping requirements. 
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2.6 QUICK DISCONNECT COUPLINGS 


A. Manufacturers: Products, which comply with this specification section as judged and 


approved by the Architect, may be provided by the following manufacturers. All products 


specified in this section shall be provided by a single manufacturer. 


1. Staubli Corporation, 201 Parkway West, Duncan, SC 29334  Tel: 800 845-9193 


2. Water Saver Faucet Co., 701 West Erie Street, Chicago, IL 60610 Tel: 312 666-5500. 


3. Approved equal 


B. Description: Quick disconnect couplings for various laboratory grade gases. Couplings 


shall be stainless steel construction. Couplings shall be double shut-off valved, provided 


with a permanent color coded marking and mechanical keying to avoid misconnection of 


the gas services. Permanent color coded markings for the sockets shall consist of either 


anodized colored disc or recessed painted striping. Color codings shall match those 


indicated in the “Service Fitting Color Index” specified herein. Natural fuel gas couplings 


shall comply with ANSI Z21.41-2003/CSA 6.9-2003 Standard for Quick Disconnect Devices.  


1. Provide a 3/8” NPT panel mounted socket with 3/8” hose coupling.  


2. Provide a 3/8” NPT panel mounted plug with 3/8” hose coupling. Panel mounted 


plug shall be secured to the top plate of the laboratory furniture post.  


a. Provide a plug dust cap for plug located on laboratory furniture post. 


3. Provide a flexible connection hose assembly between the panel mounted socket 


and the panel mounted plug. Flexible connection hose assembly shall be provided 


with factory installed plug and socket with appropriate hose end quick connect 


coupling with matched color coding and mechanical keying.  


a. Flexible connectors for vacuum and air shall be 3/8” I.D., UV stabilized 


polyurethane 85A or higher grade Durometer coiled tubing. 


1). Color: White. 


2). Color: Match to color index for service as specified herein.  


b. Flexible connectors for natural gas shall be 3/8” I.D. corrugated stainless 


steel hose with braided stainless steel cover. Natural fuel gas connectors 


shall comply with ANSI/AGA Standard LC-1 and shall bear an IAPMO 


classified marking. 
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C. Pressure Rating: Couplings and flexible connection hose assemblies shall be rated for 125 


psig.  


PART 3 - EXECUTION 


3.1 SITE CONDITIONS 


A. Inspection: 


1. Prior to installation of fittings specified in Section 115343, carefully inspect the 


installed Work specified in other Sections and verify that all such Work is complete 


to the point where this installation may properly commence. 


2. Verify that all Work has been installed in complete accordance with the original 


design, approved submittals, and the manufacturer's recommendations. 


B. Discrepancy: 


1. In the event of discrepancy, immediately notify the Architect. 


3.2 PACKING AND DELIVERY 


A. Deliver all fittings and fixtures to job site in recommended packaging, with each fitting 


individually packaged, marked, and scheduled for point of use. 


B. Inventory fittings, at job site, verify that type and quantity are correct, and re-package 


until installed. 


C. Store in clean, dry location. 


3.3 INSTALLATION 


A. Set internal volume control on all cup sink water fittings so water does not splash out of 


sink. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SECTION INCLUDES 


A. Laboratory Sterilizers (Autoclaves): Small 


B. Laboratory Sterilizers (Autoclaves): Medium 


1.2 RELATED SECTIONS 


A. General and Supplementary Conditions and Division 1 


B. Division 23: Mechanical 


C. Division 22: Plumbing 


D. Division 26: Electrical 


1.3 REFERENCES 


A. Comply with requirements of general and supplementary conditions and Division 1 as part 


of this specification. 


1.4 DESCRIPTION 


A. Furnish and install all laboratory equipment with necessary components and accessories 


required to ensure a complete installation and ready for intended use as specified herein 


and shown on the Laboratory Furnishings Drawings. 


B. Provide side panels to cover all exposed sides of cabinet-type equipment designed for 


under-counter installation. 


C. Work of this section requires close coordination with work of Division 22, 23 and 26 as well 


as installation of Owner furnished components and work specified in other Sections. 


Sequence all work to assure an orderly progress in the project without removal of 


previously installed work and so as to prevent damage to finishes and products. 







SAN DIEGO STATE UNIVERSITY SECTION 115350 


EIS COMPLEX LABORATORY EQUIPMENT 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115350 - 2 RFD 


 


1.5 SUBMITTALS 


A. Refer to General Conditions and Division 1 “Submittal Procedures” for submittal 


requirements.  In addition to these requirements, provide submittal requirements 


specified herein. 


B. Submittal requirements: 


1. Submittal shall be prepared individually for this specification section.  Arrange 


product data, drawings and information for submission in a complete set for this 


specification section. 


2. Submittal shall contain complete data for all items of this specification section.  


Periodic or partial submittals of individual components within this specification 


section will be returned as incomplete and rejected. 


3. Submittals shall be organized by specification sequence with section and paragraph 


number identified. 


4. Equipment and components being proposed shall be clearly labeled with all options 


and accessories indicated and shall be for this specific project. 


C. Shop Drawings: Submit complete shop fabrication and installation drawings, including 


plans, elevations, sections, details and schedules. Show relationship to adjoining materials 


and construction. Shop Drawings shall be in the form of reproducibles or photocopies, not 


to exceed 11 inches x 17 inches (A3) in size. Blueline prints are not acceptable. 


D. Submit detailed anchorage and attachment drawings and calculations provided by a 


licensed Structural Engineer to show compliance with the applicable Building Code 


seismic restraint requirements. 


E. Samples: Submit for Architect's approval two (2) samples of each type of specified finish 


and color range available. 


F. Certifications: As a condition of acceptance, submit certification stating that equipment is 


complete and ready for intended function. 


G. Operations/Maintenance Manuals: Accompanying certification, submit for Architect's 


review and Owner's use, complete operating and maintenance manuals that describe 


proper operating procedures, maintenance and replacement schedules, components 


parts list, and closest factory representative for components and service. 
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1.6 QUALIFICATIONS 


A. Contractor for work in this section shall have an established organization and production 


facilities including all tools, equipment and special machinery necessary for specializing in 


the fabrication and installation of the type of equipment specified, with skilled personnel, 


factory trained workmen and an experienced engineering department. Each shall have 


the demonstrated knowledge, ability and the proven capability to produce the specified 


equipment of the required quality and the proven capacity to complete an installation of 


this size and type within the required time limits. 


1.7 COORDINATION 


A. Work of this Section requires close coordination with Work of Divisions 22, 23 and 26 and 


Work specified in other Sections. Sequence all Work to ensure an orderly progress in the 


project without removal of previously installed Work and so as to prevent damage to 


finishes and products. 


1.8 SUBSTITUTIONS 


A. Approved Substitution/Approved Equal:  In addition to the items required in Division 1, all 


substitution requests shall include item-by-item comparison of the proposed substitution 


to this project specification.  A copy of the project specification shall be submitted, with 


each item and subsection of the project specification marked as “Comply” or “Not 


Comply.”  In any cases where “Not Comply” is indicated, an explanation of the relative 


advantages of the proposed design shall be provided. 


B. Substitution shall not affect dimensions shown on Drawings. 


C. The Contractor shall pay for changes to the building design, including engineering design, 


detailing, utility and service requirements, and construction costs caused by the 


requested substitution. 


D. Substitutions shall have no adverse effect on other trades, the construction schedule, or 


specified warranty requirements. 


E. Maintenance and service parts shall be locally available for the proposed substitution. 


F. Regulatory: Specified products, materials, or systems for Project may include engineering 


or on file standards required by the Regulatory Agency. Contractor’s substitution of 


products, materials or systems may require additional engineering, testing, reviews, 







SAN DIEGO STATE UNIVERSITY SECTION 115350 


EIS COMPLEX LABORATORY EQUIPMENT 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115350 - 4 RFD 


 


approvals, assurances, or other information for compliance with Regulatory Agency 


requirements or both. Contractor shall provide all Agency approvals or other additional 


information required and pay additional costs for required Architect’s services made 


necessary by the substitution at no increase in Contract Sum or schedule time, and as a 


part of substitution proposal 


1.9 PRODUCT HANDLING 


A. Protection: Use all means necessary to protect work of this section before, during and after 


installation including installed work and materials of other trades. 


B. Replacement: Any damage as a result of this contractors work will be replaced, repaired 


and restored to original condition to the approval of the Architect at no additional cost or 


inconvenience to the Owner. 


1.10 WARRANTY  


A. Refer to the General Conditions and Division 1 “Product Requirements” for warranty 


requirements.  In addition to these requirements, all products will be warranted to be 


free from defects in materials and workmanship for a minimum period of one year 


following substantial completion. The manufacturer/ dealer/ subcontractor shall repair or 


replace any products (or parts thereof) that are found to be defective. Replacement will 


include any parts, labor, shipping, and travel expenses involved. 


B. Autoclave chambers shall be warranted to be free from defects in materials and 


workmanship for a minimum period of 15 years following substantial completion. 


PART 2 - PRODUCTS 


2.1 LABORATORY STERILIZER (AUTOCLAVE): SMALL 


A. Manufacturers: Products, which comply with this specification section as judged and 


approved by the Architect, may be provided by the following manufacturers. All products 


specified in this section shall be the provided by a single manufacturer. 


1. Beta Star Life Science Equipment of R-V Industries, Inc., http://www.rvii.com. 


2. Consolidated Sterilizer Systems, http://www.consteril.com. 


3. Getinge USA, Inc., http://www.getingeusa.com. 
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4. Steris Corporation, http://www.steris.com. 


5. Approved equal. 


B. Description: Small size steam-jacketed sterilizer designed for use in Laboratory and 


industrial applications. 


C. Chamber Size: 


1. 20 inches x 20 inches x 38 inches (508 x 508 x 965 mm) nominal. 


D. Door/Mounting Configuration: 


1. Single door, cabinet enclosed unit. 


E. Process Cycle Configuration: 


1. Prevacuum: Prevacuum process shall be designed for fast, efficient sterilization of 


porous, heat- and moisture-stable materials, sterilization of liquids and media in 


borosilicate glass containers with vented closures, and decontamination of supplies 


after laboratory procedures. Prevacuum sterilizer shall be equipped with 


prevacuum, gravity, liquid, leak test and daily air removal test cycles. 


2. Gravity: Gravity process shall be designed for sterilization of non-porous heat- and 


moisture-stable materials, sterilization of liquids and media in borosilicate glass 


containers with vented closures, and decontamination of supplies after laboratory 


procedures. Gravity sterilizer shall be equipped with gravity and liquid cycles. 


F. Steam Source: 


1. Integral electric carbon steel steam generator supplied with industrial water. 


G. Product Characteristics: 


1. Construction: 


a. Shell Assembly: Double wall, jacketed and insulated. Type 316L stainless 


steel welded sterilizer pressure vessel and type 304L or 316L stainless steel 


jacket. ASME rated at design operating pressure with allowance to relief 


valve setpoint - minimum 45 psig (310 kPa). Polished and passivated internal 


surfaces. Steam supply opening inside chamber to be shielded by a Type 
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316L stainless steel baffle. Chamber designed for positive sloped drainage 


with screen drain inlet to prevent debris for entering drain piping. 


b. Door Assembly: Vertical sliding door. Type 316L stainless steel, insulated 


with jacket. Door suspended by cable/pulley or chain/sprocket supports 


attached to counterweight or dual-spring assembly. Steam or compressed air 


activated recessed door gasket seal. Equipped with mechanical safety locking 


mechanism to prevent door opening when chamber pressure exceeds 2 psi 


(14 kPa). Provide door safety switch to prevent addition of steam to chamber 


unless door is closed and locked. 


c. Front Cabinet Panel: Type 304 or 316L stainless steel with No. 4 finish. 


Hinged or removable for full access to sterilizer piping and control systems. 


d. Side Panels: Sterilizer to be enclosed by Type 304 or 316L stainless steel 


removable side panels with No. 4 finish. Sterilizer sub-frame to be equipped 


with a synthetic rubber gasket to ensure tight fit between cabinet panels. 


e. Vacuum System: Water ejector to reduce chamber pressure during 


prevacuum and post-drying phases. 


f. Plumbing: All valves, fittings, and other plumbing components shall be non-


proprietary. Custom manifolds or distribution systems shall not be installed. 


The piping system shall be designed such that all valve types used are from 


the same manufacturer for ease of maintenance. All utility piping 


connections shall terminate within the confines of the sterilizer and to be 


accessible from the front or access side of the unit. Provide ASME approved 


pressure relief valves rated for pressure vessels. 


g. Electrical: Electrical components such as switches, relays, and wiring systems 


shall be non-proprietary. Electrical design and installation shall conform to 


CEC requirements. Provide appropriate enclosure for components to protect 


against wet and moist environments. 


h. Floor Stand: Sterilizer to be equipped with a leveling height-adjustable floor 


stand manufactured of extruded aluminum structural members or welded 


stainless steel, or welded carbon steel with corrosion protective finish. 


2. Control System: 
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a. General: The sterilizer control system shall monitor, control, display, and 


record all process parameters. The control system shall include a PLC 


controller, touch-screen operator interface control panel, printer, audible 


alert, and emergency manual off (EMO) safety switch. 


b. Programmable Logic Controller (PLC) Controller: Non-proprietary controller 


to display, monitor, and control all sterilizer operations and functions. Allen-


Bradley® MicroLogix™ control system or equal. 


c. Touch Screen Operator Interface Control Panel: Color active matrix (TFT) 


touch sensitive color interface screen. Allen-Bradley® PanelViewPlus™ or 


equal. Provide one screen on each side of pass-through units. 


d. Printer: Alphanumeric ink-on-paper dot-matrix impact or permanent thermal 


paper printer with take-up spool. 


e. Programming: All programming to be stored in non-volatile memory to 


retain programming during a power outage. Provide help menus/screens for 


programming and troubleshooting alarm conditions. Provide security 


features to prevent inadvertent or unauthorized process changes. Provide 


user programmable time-of-day utility startup/shutdown schedules for 


energy savings. 


f. RS-232 or equivalent communication protocol for downloading cycle 


information. 


g. USB or compact flash memory card slot for memory backup/restore and 


downloading cycle information. 


H. Utilities: 


1. Electric Steam Generator Unit: 


a. Drain: 1½ inch (38 mm) ODT. 


b. Generator drain: ½ inch (12.7 mm) ODT. 


c. Electrical Controls: 120V, 60 Hz. 


d. Electric Steam Generator: 208 V, 60 Hz, 3-phase. 
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e. Sterilizer feed water: Industrial cold water, 1 inch (25.4 mm) NPT, 30-50 psig 


(207-345 kPa) dynamic. 


f. Compressed Air: ½ inch (38 mm) NPT, 80-100 psig (552-690 kPa). 


g. Steam generator feed water: Industrial softened hot water, ½ inch (12.7 mm) 


NPT, 20-50 psig (138-345 kPa) dynamic. 


I. Standards: Units shall conform to the applicable requirements of the following: 


1. Underwriters Laboratories (UL). 


2.  California Plumbing Code. 


3. CEC. 


4. ASME Code, Section VIII, Division 1 for unfired pressure vessels. 


5. ASME Code, Section I, Part PMB for power boilers. 


J. Options Required: 


1. Drain discharge cool down to limit discharge temperature into waste systems 


below 140°F. 


2. Minimum 12-cycle capacity. 


3. Seismic tie-down kit required to conform to local building codes. 


4. Auto flush cycle for carbon steel steam generator with programmable 


timer/controls. 


5. Boiler Control and Safety Device (CSD-1) for secondary low water cut-off as 


required by local jurisdiction. 


6. Water Savings Package: System that incorporates water ejector with a pump and 


water reservoir to recirculate the water that creates the vacuum necessary for part 


of the sterilization cycle. 


K. Accessories Required: 


1. Rack and shelves. 
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2.2 LABORATORY STERILIZER (AUTOCLAVE): MEDIUM 


A. Manufacturers: Products, which comply with this specification section as judged and 


approved by the Architect, may be provided by the following manufacturers. All products 


specified in this section shall be the provided by a single manufacturer. 


1. Beta Star Life Science Equipment of R-V Industries, Inc., http://www.rvii.com. 


2. Consolidated Sterilizer Systems, http://www.consteril.com. 


3. Getinge USA, Inc., http://www.getingeusa.com. 


4. Steris Corporation, http://www.steris.com. 


5. Approved equal. 


B. Description: Medium size steam-jacketed sterilizer designed for use in Laboratory and 


industrial applications. 


C. Chamber Size: 


1. 24 inches x 36 inches x 36 inches (610mm x 914mm x 914mm) nominal.  


D. Door/Mounting Configuration: 


1. Doors / mounting: Single door, cabinet enclosed unit. 


E. Process Cycle Configuration: 


1. Prevacuum and gravity processes are to be designed for fast, efficient sterilization 


of porous, heat and moisture-stable materials, sterilization of liquids and media in 


borosilicate glass containers with vented closures and decontamination of supplies 


after laboratory procedures. Sterilizer shall be equipped with prevacuum, gravity, 


liquid, leak test and daily air removal test cycles. 


F. Steam Source: 


1. Integrated electric carbon steel steam generator supplied with industrial hot water. 


G. Product Characteristics:  


1. Construction:  
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a. Shell Assembly: Double wall, jacketed and insulated. Type 316L stainless 


steel welded sterilizer pressure vessel and type 304L or 316L stainless steel 


jacket. ASME rated at design operating pressure with allowance to relief 


valve setpoint - minimum 45 psig (310 kPa). Polished and passivated internal 


surfaces. Steam supply opening inside chamber to be shielded by a Type 


316L stainless steel baffle. Chamber designed for positive sloped drainage 


with screen drain inlet to prevent debris for entering drain piping.  


b. Door Assembly: Hinged Door with manual operation. Type 316L stainless 


steel, insulated with jacket. Supported by stainless steel hinge(s). Stainless 


steel locking pins/plates and rotating locking handle assembly. Door seal is 


activated by pressurized steam or air. Equipped with mechanical safety 


locking mechanism to prevent door opening when chamber pressure 


exceeds 2 psi (14 kPa). Provide door safety switch to prevent addition of 


steam to chamber unless door is closed and locked. 


c. Front Cabinet Panel: Type 304 or 316L stainless steel with No. 4 finish. 


Hinged or removable for full access to sterilizer piping and control systems. 


d. Side Panels: Sterilizer to be enclosed by Type 304 or 316L stainless steel 


removable side panels with No. 4 finish. Sterilizer sub-frame to be equipped 


with a synthetic rubber gasket to ensure tight fit between cabinet panels. 


e. Vacuum System: Liquid-ring vacuum pump to reduce chamber pressure 


during prevacuum and post-drying phase. 


f. Plumbing: All valves, fittings, and other plumbing components shall be non-


proprietary. Custom manifolds or distribution systems shall not be installed. 


The piping system shall be designed such that all valve types used are from 


the same manufacturer for ease of maintenance. All utility piping 


connections shall terminate within the confines of the sterilizer and to be 


accessible from the front or access side of the unit. Provide ASME approved 


pressure relief valves rated for pressure vessels. 


g. Electrical: Electrical components such as switches, relays, and wiring systems 


shall be non-proprietary. Electrical design and installation shall conform to 


NEC requirements. Provide appropriate enclosure for components to protect 


against wet and moist environments. 
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h. Floor Stand: Sterilizer to be equipped with a leveling height-adjustable floor 


stand. Structural members shall be manufactured of extruded aluminum, 


welded stainless steel, or welded carbon steel with corrosion protective 


finish. 


2. Control System: 


a. General: The sterilizer control system shall monitor, control, display, and 


record all process parameters. The control system shall include a PLC 


controller, touch-screen operator interface control panel, printer, audible 


alert, and emergency manual off (EMO) safety switch. 


b. Programmable Logic Controller (PLC) Controller: Non-proprietary controller 


to display, monitor, and control all sterilizer operations and functions. Allen-


Bradley® MicroLogix™ control system or equal. 


c. Touch Screen Operator Interface Control Panel: Color active matrix (TFT) 


touch sensitive color interface screen. Allen-Bradley® PanelViewPlus™ or 


equal. Provide one screen on each side of pass-through units. 


d. Printer: Alphanumeric ink-on-paper dot-matrix impact or permanent thermal 


paper printer with take-up spool. 


e. Programming: All programming to be stored in non-volatile memory to 


retain programming during a power outage. Provide help menus/screens for 


programming and troubleshooting alarm conditions. Provide security 


features to prevent inadvertent or unauthorized process changes. Provide 


user programmable time-of-day utility startup/shutdown schedules for 


energy savings. 


f. RS-232 or equivalent communication protocol for downloading cycle 


information. 


g. USB or compact flash memory card slot for memory backup/restore and 


downloading cycle information. 


H. Utilities: 


1. Electric Steam Generator Unit: 


a. Drain: 2 inch (51 mm) ODT. 
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b. Generator drain: ½ inch (12.7 mm) ODT. 


c. Electrical Sterilizer Controls: 120V, 60 Hz. 


d. Electrical Steam Generator Controls: 120 V, 60 Hz. 


e. Electric Steam Generator: 480V, 60 Hz, 3-phase. 


f. Electric Vacuum Pump: 208V, 60 Hz, 3-phase. 


g. Sterilizer feed water: Industrial cold water, 1 inch (25.4 mm) NPT, 30-50 psig 


(207-345 kPa) dynamic. 


h. Compressed Air: ½ inch (38 mm) NPT, 80-100 psig (552-690 kPa). 


i. Steam generator feed water: Industrial softened hot water, ½ inch (12.7 mm) 


NPT, 20-50 psig (138-345 kPa) dynamic. 


I. Standards: Units shall conform to the applicable requirements of the following: 


1. Underwriters Laboratories (UL). 


2. California Plumbing Code. 


3. CEC. 


4. ASME Code, Section VIII, Division 1 for unfired pressure vessels. 


5. ASME Code, Section I, Part PMB for power boilers. 


J. Options Required: 


1. Drain discharge cool down to limit discharge temperature into waste systems 


below 140°F. 


2. Minimum 18-cycle capacity. 


3. Seismic tie-down kit required to conform to local building codes. 


4. 1” NPT (25 mm) chamber port 


5. Auto flush cycle for carbon steel steam generator upon startup of sterilizer. 


6. Boiler Control and Safety Device (CSD-1) for secondary low water cut-off as 


required by local jurisdiction. 
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7. Water Savings Package: System that incorporates vacuum pump with a water 


conservation reservoir to reduce makeup water requirements for the vacuum 


pump necessary for part of the sterilization cycle. 


K. Accessories Required: 


1. Rack and shelves. 


PART 3 - EXECUTION 


3.1 SITE CONDITIONS 


A. Inspection: Prior to installation of laboratory equipment, carefully inspect the installed 


work specified in other Sections and verify that all such work is complete to the point 


where this installation may properly commence. 


B. Discrepancies: In the event of discrepancy, immediately notify the Architect. 


3.2 EXAMINATION 


A. Examine surfaces designated to receive work for conditions that would adversely affect 


the finished work.  Repair or replace surfaces not meeting tolerances or quality 


requirements governing substrate construction prior to start of work. 


B. Verify that surfaces, prepared openings, or support structures are ready to receive work. 


C. Verify field measurements and opening dimensions are as instructed by manufacturer. 


D. Inspect and verify that the required utilities are available, in proper locations, prior to 


equipment installation. 


3.3 WORK REQUIRED OF OTHER SECTIONS PRIOR TO INSTALLATION 


A. Install shutoff valves on service lines. 


B. Install fused disconnect switches (with lockout in OFF position) in electric supply lines 


near the equipment. 


C. Provide building service lines supplying specified pressures and flow rates. 
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D. Provide recommended feed water quality for carbon steel steam generators as follows: 


Total hardness as CaCO3-max 130 mg/l; Total alkalinity as CaCO3-max 180 mg/l; Total 


dissolved solids-max 250 mg/l; Total Silica-max 2.5 mg/l; pH-6.5 to 8.5. 


E. Provide illumination of service area, with provision of convenience outlet for 


maintenance. 


3.4 INSTALLATION 


A. General: 


1. Install all equipment per manufacturer's recommendations and reviewed 


submittals. 


2. Properly align and position all equipment. 


B. Connection to Building Systems: See Laboratory Plumbing and Electrical drawings and 


Divisions 22 & 23 and 26 for final connections. 


3.5 START UP AND TESTING 


A. Test, clean, and adjust equipment and apparatus installed to ensure performance meets 


specified requirements. 


B. Operate each unit and test full range of cycles over a continuous period.  Record test 


data. 


C. Adjust and re-test any units not meeting requirements. 


3.6 DEMONSTRATION AND INSTRUCTIONS 


A. Engage services of factory-qualified instructor to instruct and train Owner's operating and 


maintenance personnel in operation, service, and maintenance of equipment. 


B. Test equipment prior to demonstration. Ensure equipment, including specified 


accessories, is operational. 


C. Provide demonstration of equipment operation and instruction of Owner's personnel. 


D. Demonstrate operating capability of equipment and systems. Include control and safety 


features, and service and maintenance procedures. 
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3.7 CLEANING AND PROTECTION 


A. All equipment shall be protected before, during and after installation. Damage to material 


due to improper protection shall be cause for rejection. 


B. Packaging and debris and other waste resulting from installation of equipment will be 


removed. 


C. Repair or remove and replace defective Work as directed by the Architect upon 


completion of installation. 


D. Clean finished equipment, touch up as required and remove and refinish damaged or 


soiled areas. 


E. Prior to final acceptance by the customer, equipment that has become damaged will be 


repaired or replaced according to the terms of the warranty and any external soiled 


surfaces will be cleaned. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SECTION INCLUDES 


A. Biological safety cabinets 


1.2 RELATED SECTIONS 


A. Section 115343: Laboratory Fittings and Fixtures 


B. Division 22: Plumbing  


C. Division 23: HVAC 


1.3 REFERENCES 


A. NSF/ANSI 49: Class II (Laminar Flow) Biohazard Cabinetry. 


B. Comply with UL 61010-1, Electrical Equipment For Measurement, Control, and Laboratory 


Use. 


1.4 DESCRIPTION 


A. Provide equipment complete with accessories as described herein and shown on 


Laboratory Furnishings drawings. 


B. Biological safety cabinets with accessories shall be pre-piped and pre-wired. Pre-pipe 


service fittings to single point connection at 6 inches (150 mm) above top of cabinet or as 


otherwise shown. 


1. Refer to Section 115343 and details on Laboratory Furnishings drawings for service 


fittings. 


C. Work of this Section requires close coordination with Work of Divisions 22, 23 and 26 as 


well as installation of Owner furnished components and Work specified in other Sections. 


Sequence all Work to ensure an orderly progress in the project without removal of 


previously installed Work and so as to prevent damage to finishes and products. 
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1.5 SUBMITTALS 


A. Refer to the General Conditions and Division 1 “Submittal Procedures” for submittal 


requirements.  In addition to these requirements, provide submittal requirements 


specified herein. 


B. Submittal requirements: 


1. Submittal shall be prepared individually for this specification section.  Arrange 


product data, drawings and information for submission in a complete set for this 


specification section. 


2. Submittal shall contain complete data for all items of this specification section.  


Periodic or partial submittals of individual components within this specification 


section will be returned as incomplete and rejected. 


3. Submittals shall be organized by specification sequence with section and paragraph 


number identified. 


4. Equipment and components being proposed shall be clearly labeled with all options 


and accessories indicated and shall be for this specific project. All non-applicable 


options, items and components shall be deleted or struck. 


C. Materials List/Product Data: Submit complete materials list, including catalog data of all 


materials, equipment, and products for Work specified in this Section. 


D. Shop Drawings: Submit complete shop fabrication and installation drawings, including 


plans, elevations, sections, details and schedules. Show relationship to adjoining materials 


and construction. Shop Drawings shall be in the form of reproducibles or photocopies, not 


to exceed 11 inches x 17 inches (A3) in size. Blueline prints are not acceptable. 


E. Submit detailed anchorage and attachment drawings and calculations provided by a 


licensed Structural Engineer complying with the Uniform Building Code Earthquake 


Regulations and the California Administrative Code, Title 24 Seismic Restraint 


requirements. 


F. Samples: Submit two (2) samples of each type of specified finish and color range 


available. 


G. Test reports: Submit the following performance test reports. 


1. Factory Testing: Each unit shall be factory-tested for NSF Class II requirements.  
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2. Certification: Submit certification by an independent testing company stating that 


equipment is installed per applicable and referenced codes and standards, tested, 


adjusted and balanced for design operations, and is complete and ready for 


intended function. 


3. Sound Level Certification: Provide certification of biological safety cabinet 


compliance with design criteria for maximum allowable noise within laboratories.  


Test data of octave band analysis verifying cabinet is capable of a 50 NC value. 


Measurements shall be taken 36 inches in front of open sash at 100 fpm face 


velocity. 


H. Operations/Maintenance Manuals: Submit under provisions of Division 01. Submit for 


Owner's use, complete operating and maintenance manuals that describe proper 


operating procedures, maintenance and replacement schedules, component parts list, 


and closest factory representative for components and service. 


1.6 QUALIFICATIONS 


A. Work in this Section shall be performed by a firm having a minimum eight years 


documented experience, and an established organization and production facilities 


including all tools, equipment and special machinery necessary for specializing in the 


fabrication and installation of the type of equipment required with skilled personnel, 


factory trained workmen and an experienced engineering department. Each shall have 


the demonstrated knowledge, ability and the proven capability to produce the specified 


equipment of the required quality and the proven capacity to complete an installation of 


this size and type within the required time limits. 


1.7 SUBSTITUTIONS  


A. Approved Substitution/Approved Equal:  In addition to the items required in Division 1, all 


substitution requests shall include item-by-item comparison of the proposed substitution 


to this project specification.  A copy of the project specification shall be submitted, with 


each item and subsection of the project specification marked as “Comply” or “Not 


Comply.”  In any cases where “Not Comply” is indicated, an explanation of the relative 


advantages of the proposed design shall be provided. 


B. Substitution shall not affect dimensions shown on Drawings. 


C. The Contractor shall pay for changes to the building design, including engineering design, 


detailing, utility and service requirements, and construction costs caused by the 


requested substitution. 
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D. Substitutions shall have no adverse affect on other trades, the construction schedule, or 


specified warranty requirements. 


E. Maintenance and service parts shall be locally available for the proposed substitution. 


PART 2 - PRODUCTS 


2.1 ACCESSIBILITY FOR PERSONS WITH DISABILITIES 


A. Where indicated on Laboratory Furnishings drawings, biological safety cabinets shall be 


furnished and installed in a manner to make them accessible to persons with disabilities 


in accordance with the Americans with Disabilities Act and any state or local building code 


or regulation having jurisdiction. The height of the highest point of access to the work 


surface above finished floor shall not exceed 34 inches. Fittings for piped services and 


electrical receptacles shall be of a design and in a location in order to be considered 


accessible. 


2.2 BIOLOGICAL SAFETY CABINETS 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be provided by a 


single manufacturer. 


1. The Baker Company, Inc., P.O. Drawer E, 161 Gatehouse Road, Sanford, ME 04073 


Tel: 800 992-2537. 


2. Labconco Corporation, 8811 Prospect Avenue, Kansas City, MO 64132 Tel: 800 


821-5525. 


3. NuAire, Inc., 2100 Fernbrook Lane, Plymouth, MN 55447 Tel: 800 328-3352. 


4. Thermo Fisher Scientific, 81 Wyman Street, Waltham, MA 02451 Tel: 866 984-3766. 


5. Approved substitution. 


B. Class II, Type A2 Vertical Laminar Flow Biological Safety Cabinets. 


1. Subject to compliance with the requirements listed below, acceptable models 


include:  


a. SterilGARD e3 by the Baker Company. 


b. Purifier Logic Class II by Labconco Corporation. 
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c. Labgard Series by Nuaire, Inc.  


d. Thermo Scientific 1300 Series A2 by Thermo Fisher Scientific.  


2. Features:  


a. 60% to 70% of air recirculated in cabinet; the balance is filtered and 


exhausted from a common plenum. 


3. Dimensions:  


a. Interior Work Height: 28 inches, nominal. 


b. Overall Height: 63 inches, nominal, not including stand. 


c. Overall Width: 78 inches, maximum.  


4. Materials: 


a. Work Surface: 16 gauge, Type 304 stainless steel, with No. 4 finish. 


b. Liner/Interior Sidewalls: 16 gauge, minimum, Type 304 stainless steel, with 


No. 4 finish. 


c. Cold rolled steel: 16 gauge, minimum. Exterior finish: white baked enamel. 


d. Glass: 1/4 inch tempered safety glass. Glass shall not be etched with 


manufacturer’s name, logo, or any other permanent markings, other than to 


identify the glass as safety glass. 


e. Piping: Comply with Division 22 requirements for piping and installation 


requirements for respective pre-piped services.  


5. Construction: 


a. Cabinet: Work surface and interior wall and rear panels shall be integral one-


piece construction. All corners coved. Provide exterior removable side panels 


and enclosure of cold rolled steel to conceal exposed service piping. Each 


cabinet component to be welded, gasketed or assembled with air-tight, 


hermetically sealed joints to provide a gas- and soap bubble-tight sealed 


assembly.  


1). Sealant or caulking is not acceptable.  
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2). Telescoping legs. If legs adjust to preset positions, positions shall be at 


1 inch increments. Work surface height shall be adjustable between 30 


inches and 36 inches above finished floor. 


b. Work Surface Height: 


1). Initial height position for adjustable height work surface shall be at 30 


inches above finished floor. 


c. Screen Style: Vertical sliding viewscreen. Full-open viewscreen shall be 18 ½ 


inches high for equipment access and cleaning. 


1). Access Opening: 8 inches access opening with face velocity of 100 to 


110 fpm. 


d. Airfoil: Airfoil should be provided at lower front work area to improve access 


opening containment capability. 


e. Drain Pan: Provide stainless steel ball valve for effective drainage of drain 


pan. 


f. Provide stainless steel or aluminum air diffuser and filter protector in work 


area. 


g. Provide automatic blower motor speed control to compensate for changing 


resistance of exhaust and supply filters to maintain nominal air volume set 


points. 


6. Features: 


a. Negative pressure plenum. 


b. Access Opening Alarm: Provide audible alarm to sound when viewscreen is 


above its proper operating access opening height. 


c. Service Fittings: Provide ball valve fitting with single lever handle mounted 


on the work area side wall, factory-installed and complete with all gaskets, 


grommets, and sleeves. Fitting manufacturer shall be the same as providing 


the Laboratory Fittings specified under Section 115343. Petcock not 


acceptable.  


d. Lighting: Provide light levels of 80 foot-candles minimum at the work surface. 
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e. Electrical: Provide one GFI-protected duplex receptacle with covers and 


stainless steel faceplate in each sidewall, connected to a separate circuit 


breaker. Provide 10 foot (3657 mm) minimum power cord with NEMA 5-20P 


plug. 


f. Blower motor: Provide an energy-efficient design, digital ECM-controlled DC 


motor, or 3-phase AC motor.  


1). The blower shall be positioned to allow for even filter loading, and 


shall deliver more than 80% of the initial HEPA filter static pressure 


with no more than a 10% decrease of the total volume airflow rate.  


The cabinet controller shall automatically provide volume adjustments 


increase of 250% minimum of the initial HEPA filter static pressure.  


g. Filters: Front-loading, HEPA 99.99%, efficient on all particles 0.3 micron by 


DOP test (both exhaust and supply). Filters shall be front-loaded. A neoprene 


gasket shall provide an airtight seal between the filter assembly and the 


metal plenum. 


h. Non-Exhausted Unit: Unit shall recirculate HEPA filtered exhaust air to room; 


connection to building exhaust system is not required. Refer to Laboratory 


Furnishings drawings for locations. 


i. Control panel shall be electronic type and shall include: 


j. Control panel shall be digital microprocessor type and shall include: 


1). Control functions shall be centered at eye-level. 


2). Monitor and display airflow system performance through dual 


thermister probes. 


3). Control blower, lights, and receptacles with solid state membrane 


switches. 


4). Digital control of blower motor to compensate for changing resistance 


of supply and exhaust filters in order to maintain nominal air volume 


set points.  


5). Alarm set point high/low for error conditions with visual and audible 


alarms.  


6). Clock display (24 hour) and timer function. 
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7). UV light timer (if UV light is included). 


8). Remote contacts and interlock features. 


9). Complete diagnostic functions. 


k. Germicidal ultraviolet light with UV light interlock, allowing UV illumination 


only when sash is fully closed. 


l. Flexible duct connection shall allow for work surface height adjustment 


within specified range, and without the use of tools. Flexible duct connection 


shall be attached to thimble device and be connected to ductwork under 


Division 23 work. 


m. Flexible hose connection(s) shall allow for work surface height adjustment 


within specified range, and without the use of tools. Flexible hose 


connection(s) shall be attached to cabinet factory-installed piping and be 


connected to building piping under Division 22 work. 


n. Seismic restraint. 


7. Listings: 


a. Unit must be listed by NSF International as meeting NSF/ANSI Standard #49. 


b. Underwriters Laboratories. 


PART 3 - EXECUTION 


3.1 SITE CONDITIONS 


A. Prior to installation of the Work of this Section, carefully inspect the installed Work 


specified in other sections and verify that all such Work is complete to the point where 


this installation may properly commence. 


B. Verify that all Work has been installed in complete accordance with the original design, 


received submittals, and the manufacturer's recommendations. 


C. In the event of discrepancy, immediately notify the Architect. Do not proceed with 


installation in areas of discrepancy until all such discrepancies have been fully resolved. 
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3.2 INSTALLATION 


A. Work in this Section requires close coordination with Work specified in Division 22, 23 


and Division 26, as well as installation by Owner of Owner furnished components. 


Coordinate all Work to ensure an orderly process in the Project, without removal of 


previously installed Work, and so as to prevent damage to finishes and products. 


B. Coordinate location and alignment of biological safety cabinets for proper connection of 


all piping and duct work. 


C. Install all equipment in accordance with applicable codes and regulations, accepted Shop 


Drawings, and as necessary for a complete operating system. 


3.3 FIELD TESTING 


A. Balance, test and certify each biological safety cabinet in accordance with Annex F Field 


Tests appended to National Sanitation Foundation (NSF) Standard 49 “Class II (Laminar 


Flow) Biohazard Cabinetry”.  


B. Biological safety cabinet field tests shall be performed by an independent NSF-accredited 


testing company.  


3.4 CLEANING AND PROTECTION 


A. Repair or remove and replace defective work as approved by the Architect upon 


completion of installation. 


B. Adjust all moving or operating part to function within their design parameters. 


C. Clean equipment, touch up as required. 


D. Protect all units before, during, and after installation. Damaged materials due to improper 


protection shall be cause for rejection. 


END OF SECTION 
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PART  1 -  GENERAL 


1.1 SECTION INCLUDES 


A. Automatic, electrically operated, roll-up projection screens, controls, and accessories. 


1.2 RELATED SECTIONS 


A. Section 05 50 00 - Metal Fabrications. 
B. Section 26 00 00 – Electrical Work. 
C. Section 09 22 16 - Non-structural metal framing 
D. Section 09 51 23 – Acoustical Tile Ceilings 


1.3 SUBMITTALS 


A. Submit under provisions of Section 01 33 00. 
B. Product Data:  Manufacturer's data sheets on each product to be used, including: 
C. Preparation instructions and recommendations. 
D. Storage and handling requirements and recommendations. 
E. Manufacturer's installation, operation, maintenance, and cleaning instructions. 
F. Shop Drawings: Indicate dimensions, fabrication and installation details, and electric wiring 


diagrams. 
G. Verification Samples:  For each finish product specified, two samples, minimum size 6 


inches (150 mm) square, representing actual product, color, and patterns. 


1.4 QUALITY ASSURANCE 


A. Manufacturer Qualifications:  Firm with 10 years minimum successful experience 
manufacturing electric projection screens. 


B. Installer Qualifications: Authorized and trained by the manufacturer to install systems 
required. 


C. Definition of Terms for Specifications: 


1. Gain:  Indication of screen's luminance or brightness measured perpendicular of 
screen center and measured relative to a block of magnesium carbonate which 
serves as the standard for 1.0 gain.  Higher numbers indicate greater brightness.  
Gain shall be determined in accordance with SMPTE RP 94-2000. 


2. Keystone:  Distortion of projected image when screen is not perpendicular with 
center line of projected image. 


3. Viewing angle:  Angle from perpendicular center of screen at which the gain or 
brightness is decreased by 50 percent. 


1.5 DELIVERY, STORAGE, AND HANDLING 


A. Store products in manufacturer's unopened packaging until ready for installation. 
B. Store and dispose of solvent-based materials, and materials used with solvent-based 


materials, in accordance with requirements of local authorities having jurisdiction. 
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1.6 PROJECT CONDITIONS 


A. Maintain environmental conditions (temperature, humidity, and ventilation) within limits 
recommended by manufacturer for optimum results.  Do not install products under 
environmental conditions outside manufacturer's absolute limits. 


PART  2 -  PRODUCTS 


2.1 MANUFACTURERS 


A. Acceptable Manufacturers:  


1. Da-Lite Screen Company, Inc. 
2. Draper  
3. Stuart Film Screen 


2.2 PROJECTION SCREENS 


A. Basis of Design  


1. Items specified are to establish a standard of quality for design, function, materials, 
and appearance. 


B. Type A - Electric Projection Screen, wall mounted - basis of design Cosmopolitan Electrol: 


1. Viewing Surface:  Matte White. 
2. Viewing format: See attached screen schedule. 
3. UL Label: Recessed installed in return air ceiling plenums shall be certified by 


Underwriters Laboratory (UL), Inc. and shall bear UL label. 
4. Size:  See attached screen schedule. 
5. Masking:  Black masking borders. 
6. Extra Drop Masking: See attached screen schedule 
7. Finish: White finished in lightly textured powder coat. 
8. Low voltage control: Single Motor Low Voltage Control (LCV) capable of third party 


control.  
9. Wall switch: Low voltage, wall mounted, three position switch. 
10. Limit switches:  Pre-set, adjustable switches to automatically stop viewing surface, 


and case closure door where scheduled, in up or down positions. 
11. Silent motor with LVC: Silent Motor with Integrated LVC. 


2.3 VIEWING SURFACES CONSTRUCTION AND PERFORMANCE 


A. Viewing Surfaces: 


1. Matt White as manufactured by Draper, Inc.:  Flame retardant, mildew resistant, 
smooth, white, unsupported vinyl screen that can be rolled, folded, cleaned with 
mild soap and water solution. 


a. Gain:  1.0. 
b. Viewing angle: 60 degrees. 


2. Acoustically transparent mico-perforated material- coordinate with University 
representative to confirm final projector resolution 
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3. Masking: Black. 
4. Drop: Refer to drawings for floor to ceiling height. 


c. Drop Color:  Black. 
5. Seams:  To the extent possible screen surfaces shall be seamless.  Where 


required by size, provide a minimum number of flat, horizontal seams.  Vertical 
seams are not acceptable. 


PART  2 -  EXECUTION 


3.1 EXAMINATION 


A. Do not begin installation until substrates have been properly prepared. 
B. If substrate preparation is the responsibility of another installer, notify Architect of 


unsatisfactory preparation before proceeding. 


3.2 PREPARATION 


A. Coordinate provision of screens with locations of other wall and ceiling mounted 
components such as visual display boards, casework, structural framing, light fixtures, air 
diffusers, ducts, and fire sprinklers to eliminate potential conflicts. 


B. Coordinate requirements for blocking, construction of recesses, and auxiliary structural 
supports to ensure adequate means for installation of screens. 


C. Coordinate requirements for power supply, conduit, and wiring required for electric screen 
and controls. 


3.3 INSTALLATION 


A. Install in accordance with manufacturer's instructions. 
B. Installation hardware:  Provide attachment hardware, fasteners, and other components of 


type, size, and spacing recommended by manufacturer for complete, functional, secure 
installation of screens. 


3.4 PROTECTION 


A. Protect installed products until completion of project. 
B. Touch-up, repair or replace damaged products before Substantial Completion. 
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Table 1.  AV Screen Schedule 


 


SCREEN SCHEDULE 


Room 
Num. Room Name 


Screen 
Type 


Viewable 
Image 
Size 


Distance from 
Bottom of Image 
to Finished Floor 


(Inches)  


Total 
Black-
drop 


(Inches) 


QTY 
per 


room 


12 
Mech. Materials Mech. 


Thermal  
A 92”x52” TBD  24” 1 


103 Incubator Space A 116”x65” TBD  24” 1 


106 
Creative Design 


Garage 
A 92”x52” TBD  24” 3 


 
END OF SECTION 
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PART 1 - GENERAL 


1.1 SECTION INCLUDES 


A. Metal Laboratory Casework and Tables 


B. Cabinet Hardware 


C. Laboratory Work Surfaces 


D. Mobile Workstation 


E. Electronics Bench 


F. Wall Hung Benchtop 


G. Shelving Assemblies 


H. Cylinder Restraint Assembly 


I. Overhead Service Carriers 


J. Utility Ceiling Tile 


K. Cable Tray System 


L. Wall-Mounted Attachment Channel 


M. Pipe Drop Enclosure 


N. Drying Rack 


O. Cable / Vacuum Line Through Port 


P. Grommets and Accessories 


Q. Pegboards 


R. Task Light Fixtures 


S. Air Control Curtain 


T. Finish for Miscellaneous Wood Items 
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U. Metal Fabrications 


V. Stainless Steel Fabrications 


1. Work Surfaces 


2. Laboratory Sinks  


3. Scullery Sinks 


4. Autoclave/Equipment Enclosure Panels 


W. Gowning Bench 


X. Slotted Channel Framing (Strut) 


Y. Sealant 


1.2 RELATED SECTIONS 


A. Division 01 - Mockups 


B. Division 09 – Flooring (wall base) 


C. Section 115313 – Fume Hoods and Other Air Containment Units 


D. Section 115343 – Laboratory Service Fittings and Fixtures 


E. Section 132129 – Controlled Environment Rooms 


F. Division 22 – Plumbing 


G. Division 23 – Heating, Ventilated, and Air-Conditioning 


H. Division 26 – Electrical 


I. Division 27 - Communications 


1.3 REFERENCES 


A. Architectural Woodwork Institute (AWI), Woodwork Institute (WI), and Architectural 


Woodwork Manufacturers Association of Canada (AWMAC): Architectural Woodwork 


Standards (AWS), Edition 1, October 2009. 
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B. Builders Hardware Manufacturers Association: ANSI/BHMA A156.18-2006 American 


National Standard for Materials and Finishes, 2006. 


C. California Code of Regulations: Title 17, Section 93120: Airborne Toxic Control Measure to 


Reduce Formaldehyde Emissions from Composite Wood Products. 


D. Hardwood Plywood & Veneer Association: ANSI/HPVA HP-1-2004 Standard for Hardwood 


and Decorative Plywood, 2004. 


E. National Hardwood Lumber Association: NHLA Rules for the Measurement & Inspection 


of Hardwood & Cypress, 2007. 


F. Scientific Equipment and Furniture Association: SEFA 2-2010 SEFA Recommended 


Practices for the Installation of Scientific Laboratory Furniture and Equipment. 


G. Scientific Equipment and Furniture Association: SEFA 3-2010 SEFA Recommended 


Practices for Work Surfaces. 


H. Scientific Equipment and Furniture Association: SEFA 8-W-2010 Recommended Practices 


for Laboratory Grade Wood Casework. 


I. Scientific Equipment and Furniture Association: SEFA 8-M-2010 Recommended Practices 


for Laboratory Grade Metal Casework. 


J. Scientific Equipment and Furniture Association: SEFA 10-2013 Adaptable Laboratory 


Furniture Systems Recommended Practices. 


K. Underwriters Laboratory: UL61010A-1 Electrical Equipment for Laboratory Use. 


L. Underwriters Laboratory: UL962A Furniture Power Distribution Units. 


M. United States Green Building Council: USGBC, LEED Reference Guide for Green Building 


Design and Construction For the Design, Construction, and Major Renovations of 


Commercial and Institutional Buildings Including Core & Shell and K-12 School Projects 


2009 Edition.  


1.4 BID SUBMITTALS 


A. Certification of Compliance: All bidders (including those listed in 2.01-A) must submit a 


compliance certification statement indicating that their bid includes products and 


installation which comply with every requirement of the project specifications and 


drawings (accounting for any RFI responses received during the bidding phase). 
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B. Certification of Qualifications: All bidders must submit a certification of compliance with 


the Qualifications requirements outlined below. List specific project experience as 


evidence of compliance. 


C. Substitution Requests: All substitution requests for this scope of work in this section must 


be made during the bidding phase. No substitution requests will be considered post-bid. 


1.5 SUBMITTALS 


A. Refer to General Conditions and Division 1 “Submittal Procedures” for submittal 


requirements.  In addition to these requirements, provide submittal requirements 


specified herein. 


B. Submittal requirements: 


1. Submittal shall be prepared individually for this specification section.  Arrange 


product data, drawings and information for submission in a complete set for this 


specification section. 


a. Shop drawings and product data as applicable for required mockups may be 


submitted separately and should be expedited for submittal as soon as the 


contract is awarded. 


b. Shop drawings may be submitted on a floor-by-floor basis. However, product 


data and details shall not be submitted redundantly with each submission. 


2. Submittal shall contain complete data for all items of this specification section.  


Periodic or partial submittals of individual components within this specification 


section will be returned as incomplete and rejected. 


3. Submittals shall be organized by specification sequence with section and paragraph 


number identified. 


4. Equipment and components being proposed shall be clearly labeled with all options 


and accessories indicated and shall be for this specific project. All non-applicable 


items shall be deleted or struck. 


5. Product data submittals provided in PDF format shall consist of fully collated PDF 


files allowing for collated printing from a single file. 


6. Shop drawings shall meet the requirements of the Architectural Woorworking 


Standards (AWS), except in cases where stricter requirements are identified in this 


section. 
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C. Materials List/Product Data: Submit complete materials list, including catalogue data, of 


all materials, equipment, and products for work in this section.  


1. Product data shall not be duplicative or redundant with shop drawings. Do not 


include drawings in the product data submittal that are included in the shop 


drawings. 


D. Shop Drawings: Submit complete shop fabrication and installation drawings, including 


plans, elevations, sections, details and schedules.  


1. Show relationship to adjoining materials and construction.  


2. Show seaming pattern layout of all joints in work surfaces. 


3. Shop Drawings shall be in the form of reproducible, PDF files, or photocopies, to 


scale, sheet size not to exceed 11 inches x 17 inches (A3).  


4. Shop drawing submittals provided in PDF format shall consist of fully collated files 


allowing for collated printing from a single file. Blueline prints are not acceptable. 


E. Approved Substitution/Approved Equal:  In addition to the items required in Division 1, all 


substitution requests shall include item-by-item comparison of the proposed substitution 


to this project specification.  A copy of the project specification shall be submitted, with 


each item and subsection of the project specification marked as “Comply” or “Not 


Comply.”  In any cases where “Not Comply” is indicated, an explanation of the relative 


advantages of the proposed design shall be provided. 


F. LEED Submissions: Provide documentation and certification as required relative to the 


work of this section to support the project’s submission to the USGBC for the credits 


indicated below. 


G. Submit detailed anchorage and attachment drawings and calculations provided by a 


licensed Structural Engineer complying with the Uniform Building Code Earthquake 


Regulations and the California Administrative Code, Title 24 Seismic Restraint 


requirements. 


H. Samples: Accompanying Materials List, submit for Architect's approval two (2) samples of 


each type of specified finish and color range available for casework, laboratory work 


surfaces, painted steel fabrications, cabinet hardware, and shelving. 
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I. Certifications/ Test Data: Submit certifications and test data as required elsewhere in this 


section, including SEFA structural performance test reports, and finish performance test 


reports. 


J. Operations/Maintenance Manuals: At project close-out, submit for Architect's review and 


Owner's use, complete operating and maintenance manuals that describe proper 


operating procedures, maintenance and replacement schedules, components parts list, 


and closest factory representative for components and service. 


K. Warranty: Submit manufacturer’s warranty including any additional certifications as 


needed to meet the requirements specified.  


1.6 MOCKUP 


A. Provide and install products within this scope of work as part of the laboratory mockup, 


as indicated on the drawings.  


B. Location of mockup can be one of the following: 


1. In final location as shown on drawings. Note that products installed may require 


correction and/or replacement relative to issues of non-compliance with the 


contract documents. 


2. In of-site location in the vicinity of the project, provided by the Owner. 


3. At location provided by the laboratory subcontractor, such as the factory. 


C. Disposition of mockup: 


1. Mockup items may be incorporated into the final project subject to approval 


and/or corrections as identified in the mockup review. 


2. Mockup items will remain the property of the laboratory subcontractor. 


D. The mockup will be reviewed and appropriate comments documented. The mockup – and 


the associated comments - will become a quality sample against which the remainder of 


the product installation will be compared. 


E. Coordinate delivery, installation, and review of the mockup with the contractor. The 


mockup should be complete and reviewed prior to fabrication of the remainder of the 


project. To the extent that the subcontractor elects to fabricate the project prior to 


review and approval of the mockup, it is understood that this is “at risk” and items may 


require re-fabrication to address issues that arise from the mockup review. 
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1.7 PRODUCT HANDLING 


A. Protection: Use all means necessary to protect work of this section before, during and 


after installation including installed work and materials of other trades. 


B. Replacement: Any damaged work shall be replaced, repaired and restored to original 


condition to the approval of the Architect at no additional cost or inconvenience to the 


Owner. 


1.8 ENVIRONMENTAL CONDITIONS 


A. It is the responsibility of the general contractor or construction manager to provide 


appropriate environmental conditions within the laboratory spaces throughout the period 


of installation of wood and composite wood casework products until substantial 


completion of the project and turnover to the owner. The relative humidity standards as 


delineated by the Architectural Woodwork Standards should be followed. 


1. Humidity must be controlled between 25% and 55% in all areas where laboratory 


casework is stored and/or installed. 


2. The range of relative humidity change should not exceed 30 percentage points. 


B. It is the responsibility of the laboratory furniture subcontractor to assess building 


environmental conditions prior to the delivery and installation of laboratory casework. 


Wood laboratory casework shall not, under any circumstances, be installed in spaces 


which do not comply with the requirements outlined above. 


1.9 QUALIFICATIONS 


A. Work in this section shall be manufactured by and installed by a company/companies 


having a minimum of eight years documented experience providing and installing 


products similar to those specified in laboratory applications; an established organization; 


and production facilities including all tools, equipment and special machinery necessary 


for specializing in the fabrication and installation of the type of products specified, with 


skilled personnel, factory trained workmen and an experienced engineering department. 


Each shall have the demonstrated knowledge, ability and the proven capability to 


produce the specified work of the required quality and the proven capacity to complete 


an installation of this size and type within the required time limits. 
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1.10 ENVIRONMENTAL COMPLIANCE 


A. All steel used in the product fabrication shall comply with the recycled steel content 


requirements to contribute towards achievement of the USGBC LEED Green Building 


Rating System MR Credits 4.1 and/or 4.2. 


1. All steel used in the fabrication of laboratory cabinets, fume hoods and modular 


laboratory systems shall have a minimum of 25%recycled steel content,  as defined 


by ISO 14021-1999, calculated as follows: 


2. (% of Post Consumer Recycled Steel Content by Weight) + 0.5 x (% of Pre-Consumer 


Recycled Content by Weight) >/= 20% (30%) (40%) 


3. Documentation: 


a. The manufacturer shall submit documentation (i.e. “Source of Materials”, 


Invoices, Third Party Validation, etc.) for steel purchased for this project 


providing recycled content.  


b. Provide documentation of the cost of each component which contains 


recycled steel. 


c. Provide percentages (by weight) and costs of post-consumer recycled 


material and pre-consumer recycled material within each component. 


1.11 WARRANTY 


A. All products will be warranted to be free from defects in materials and workmanship for a 


period of one year following substantial completion. The 


manufacturer/dealer/subcontractor shall repair or replace any products (or parts thereof) 


that are found to be defective. Replacement will include any parts, labor, shipping, and 


travel expenses involved. Warranty replacement work must be scheduled in coordination 


with the client’s academic/research schedule and may therefore require evening and/or 


weekend work.  


PART 2 - PRODUCTS 


2.1 METAL LABORATORY CASEWORK, TABLES AND CASEWORK SYSTEMS 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. Corrosive and flammable liquid/solvent storage cabinets may also be 


provided by the manufacturers listed with their descriptions. 
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1. Laboratory Casework: 


a. Air Master Systems, 6480 Norton Center Drive, Muskegon, MI 49441 Tel 231 


798-1111. 


b. Bedcolab Ltd, 2305 Francis Hughes Avenue, Laval, Quebec, Canada H7S 1H5 


Tel 514 384-2820. 


c. CiF Lab Solutions, 53 Courtland Avenue, Vaughan, Ontario, Canada L4K 3T2 


Tel: 905 738-5821. 


d. Jamestown Metal Products, Inc., 178 Blackstone Avenue, Jamestown, NY 


14701 Tel: 716 665-5313. 


e. Kewaunee Scientific Corporation, P O Box 1842, Statesville, NC 28687 Tel: 


704 873-7202. 


f. Mott Manufacturing Ltd., 452 Hardy Road, P. O. Box 1120, Brantford, ON, 


Canada N3T 5T3 Tel: 519 752-7825 


g. Approved substitution. 


B. Metal Laboratory Casework 


1. Design Requirements: 


a. Door and drawer front design: Square edged inset metal construction with 


all front surfaces above the toe space in the same plane. 


b. Pulls on doors shall be mounted vertically and on drawers horizontally. 


c. All tall cases shall be provided with toe space to match base units. 


d. All cabinets shall be constructed and finished to be suitable for use as 


stand-alone units and to permit future rearrangement without the need for 


additional parts or finish. 


e. Widths of drawers in knee opening rails shall not be less than 24 inches (600 


mm) or the width of the rail whichever is the lesser. 


f. Cabinets below fume hoods that conflict with ductwork, cup sinks, or waste 


connections shall be 19 inches deep to accommodate any obstructions. 


g. Glass: Framed glass doors: 
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1). 1/8 inch (3mm) to 7/32 inch (5.5 mm) nominal tempered glass. 


2). Without imperfections or marred surfaces. 


3). All glass should have etched safety information, readable from outside 


the cabinet. 


2. Base, Wall, Upper, and Tall Cabinets: 


a. General: 


1). Exterior corners: shall be spot and arc welded with heavy back up 


reinforcement at exterior corners. All face joints shall be arc welded 


and ground smooth to provide a continuous flat plane. 


2). All units shall have a cleanable smooth interior. Front and rear posts, 


reinforcing members or channel uprights shall be enclosed full heights 


on all cabinet openings.  


3). End Uprights shall be formed into not less than a channel formation at 


top, bottom, back and front. 


4). The edge of the vertical uprights shall be formed to provide a strike for 


doors and drawers, and shall be perforated for the support of drawer 


channels, intermediate rails and hinge screws. 


5). An upright filler shall be screwed in place in all cupboard units to close 


the back of the channel at front of the upright and to provide a 


smooth interior for the cupboard to facilitate cleaning. 


6). The upright filler shall be perforated with shelf adjustment holes at no 


more than ½ inch (12.7 mm) centers. 


7). The inside front of the upright shall be further reinforced with a full 


height 14 gauge (2.0 mm thick) hinge reinforcement angle. 


8). Die Formed Gussets: shall be furnished in each bottom corner of base 


units to insure rigidity, and a 3/8 inch (10 mm) -16 leveling bolt, 3 


inches (75 mm) long, shall engage a clinch nut in each gusset. Each 


leveling bolt and gusset shall be capable of supporting 500 lbs (225 


kg). (Each unit shall support 2000 lbs. (900 kg) uniformly distributed on 


a work top.) Provide caps at all penetrations provided to access 


leveling devices. 
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b. Cabinet Base: 


1). Case bottom and bottom rail shall be formed of one piece of metal 


except in corner units and shall have both sides and back formed up or 


down and shall be offset in front to provide a door and drawer recess 


rabbet. 


2). Toe Space Rail: shall extend up and forward to engage bottom rail to 


form a smooth surfaced toe space, 3 inches (75 mm) deep and 4 


inches (100 mm) high. Whenever the base is omitted for units to be 


set on building bases or separate metal bases, the toe space rail shall 


extend back 4½ inches (115 mm). 


c. Cabinet Back, Unexposed: Cabinet back shall consist of a top and bottom rail, 


channel formed for maximum strength and welded to back and top flange of 


end uprights, with space between left open for access to plumbing lines. All 


units shall be provided with removable back panels. 


1). Sink units shall be provided with fixed half-height backs to allow 


plumbing lines to enter and exit the cabinet through the open area. 


d. Shelves: shall be full depth formed down ¾ inch (19 mm), back 7/8 inch (22 


mm) and up ¼ inch (6 mm) at front and rear and formed down at ends ¾ inch 


(19 mm). Shelves over 36 inches (914 mm) in length shall be additionally 


reinforced by a flanged channel shaped member electro-welded to 


underside of shelf. Shelves shall be adjustable. Full-depth is defined as a shelf 


whose front edge is within ½ inch (13mm) of the face of the cabinet when 


the shelf is fully back in the cabinet. 


1). Restraint: At open shelf units, provide retainer rail as specified 


elsewhere in this section and detailed on drawings. 


e. Doors: shall be readily removable and hinges easily replaceable. Hinges shall 


be applied to the case and door with screws. Welding of hinges to either 


case or door will not be acceptable. 


f. Door and Drawer Heads: 


1). Metal, Flush Inset: shall be a two-piece sheet steel assembly of ¾ inch 


(19 mm) overall thickness to consist of an inner pan formed as an 


extension of the drawer body, an outer pan having a channel 


formation on all four sides, and the interior space filled with a non-
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organic sound deadening material at the time of assembly. Door Pans 


and Drawer Heads shall be painted inside and out prior to assembly. 


a). All four corners of door and drawer heads shall be welded 


closed and ground smooth to eliminate exposure of raw edges 


and open gaps. 


b). Glazed Hinged Door Contruction: Glazed swinging doors shall be 


3/4” thick and consist of an inner and outer door pan welded to 


form a single unit. Outer door pan shall be 18 gauge steel, 


formed into a channel or flanged shape at all four sides. It shall 


be pierced and formed to create a 3” wide frame with a beveled 


edge around the glass opening in the center of the door. Inner 


door pan shall be 18 gauge steel, flanged at all four sides, 


pierced for a glass opening in center of the door, with 16 gauge 


hinge reinforcements welded in place. Glazing shall be held in 


place by a rubber or vinyl gasket around the entire edge of the 


glass. Outer door pan shall be prepared as necessary to accept 


attachment of pulls as specified elsewherein this section. 


g. Drawer Construction: 


1). Drawer bodies shall be made in one-piece construction including the 


bottom, two sides, back and inner front. They shall be fully coved at 


interior bottom on all four sides for easy cleaning. Sides shall be full 


height with ½ inch (13 mm) clearance to frame opening. Drawers shall 


be a minimum of 18 inches front to back. 


2). Drawer Suspension: Refer to Drawer Slides under Hardware section. 


3). Drawer stops: shall be provided to insure smooth, quiet operation at 


point of contact with cabinet front. 


h. Top Horizontal Rail: Provide on base cabinets such that rail shall interlock 


within the flange at top of end panels for strength. Reinforcements shall be 


provided at all front corners for additional welded strength between vertical 


and horizontal case members. 


i. Intermediate Rails: Provide on base cabinets such that rails shall be provided 


between doors and drawers, but shall not be provided between drawers 


unless made necessary by locks in drawers. When required, intermediate 
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rails shall be recessed behind doors and drawer fronts, and designed so that 


security panels may be added as required. 


j. Intermediate Vertical Uprights: shall be furnished to enclose cupboards 


when used in a unit in combination with a half width bank of drawers. 


However, to allow storage of large or bulky objects, no upright of any type 


shall be used at the center of double door cupboard units. 


k. Security Panels: Provide security panels in frames between drawers and 


cabinets within a cabinet where keyed different locks are indicated. 


l. Knee Space Service Strip Cover Panels where specified, shall be 18 gauge (1.3 


mm thick) steel, of the same finish as cabinets, and shall be furnished at 


open spaces under counter top where no cabinets occur. They shall be easily 


removable and shall cover piping from underside of top of service ledge to 


floor. 


m. Provide filler panels where required between cabinets, at corner 


intersections of cabinets, between cabinets and walls and wherever else 


required for a complete finished installation. For tall cabinets, filler panels 


shall be provided for vertical face and top. For wall cabinets, filler panels 


shall be provided for vertical face, top and bottom. Filler panels shall follow 


the profile of toe kicks. 


3. Metal-Framed Laboratory Tables 


a. Tops: Refer to Laboratory Furnishing drawings for worktop materials, 


described in the Laboratory Work Surfaces section of this specification. 


b. Electrical receptacles: Tables shown with electrical receptacles shall be pre-


wired including cutouts for electrical receptacles, black cord, 90-degree 


NEMA 5-20P plug, back boxes, gray NEMA 5-20R decora-style electrical 


receptacles, stainless-steel faceplates, wiring, and junction boxes as required 


for a complete functional assembly.  


1). The first electrical device wired from the main cord shall be a 20-amp 


GFCI outlet with downstream protection capability. 


2). Ensure wiring to downstream receptacles is connected to the 


downstream outlets such that GFCI protection is provided to 


downstream outlets.  
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3). Cover plates of downstream outlets to be engraved to note that GFCI 


protection is provided via upstream receptacle. 


a). The table assembly shall be UL962A tested and labeled. 


c. Leveling Glides and Leg Shoes:  


1). Each leg other than those fitted with casters shall have leveling glides: 


(2 inch) (48 mm) diameter, two-piece pivot construction, steel 


housing, nonmarring, phenolic or translucent plastic insert, (1/2 inch) 


(12 mm) diameter, minimum (1 1/2 inch) (36 mm) long zinc plated 


stems. Each glide shall have a load bearing capacity of 150 lbs.  


2). Each leg other than those fitted with casters and adjustable-height 


legs, shall have leg shoes: Black coved vinyl or rubber leg shoe, 2 


inches (50 mm) in height. 


d. Casters: Where indicated on Laboratory Furnishing drawings, provide sets of 


3 ½ inch (89 mm) diameter wheels with self-lubricating bearing, rated to 


carry 250 pounds (113 kg) minimum each. Each caster must swivel and have 


a locking brake at front wheels.  Wheel shall be of molded polyurethane 


tread mechanically locked to a polyolefin core. Movable tables to have all 4 


casters swivel and the 2 front casters lockable. 


a. Adjustable-Height Legs: Where indicated on Laboratory Furnishing drawings, 


provide a stainless-steel insert at the bottom of each leg. Height of each 


insert shall be adjustable in 2 inch (50mm) increments using stainless-steel 


pins. This shall result in a work-surface top height range between 30 inches 


(750mm) and 38 inches (1000mm). Include leveling glide at bottom of each 


insert. 


b. Construction: 


1). Table rails, legs, and spreader rails shall be fully welded into a single-


piece table frame structure. No mechanical joints between members 


are permitted. 


c. Rails: Not less than 1½ inch x 4½ inch 16 gauge (38 x 114 x 1.6 mm) channel 


steel sections, reinforced as necessary for leg attachment. 


d. Legs: Not less than 2 inch x 2 inch 16 gauge (50 x 50 x 1.6 mm) square tubular 


steel sections.  
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e. Leg rails and spreader rail: Not less than 1¼ inch x 2½ inch 16 gauge (32 x 63 


x 1.6 mm) steel sections, reinforced as necessary for leg attachment. 


f. Materials and Finish: Refer to Metal Fabrications specifications in this Section 


for material and finish requirements. 


4. Aprons and leg assemblies: 


a. Apron: Not less than 1½ inch (38 mm) x 4 inch (114 mm) 16 gauge (x 1.6 mm 


thick) channel steel sections, reinforced as necessary for leg attachment. 


b. Legs: Not less than 2 inch (50 mm) x 2 inch (50 mm) 16 gauge (x 1.6 mm 


thick) square tubular steel sections. 


c. Leg rails: Not less than 1¼ inch (32 mm) x 2½ inch (63 mm) 16 gauge (x 1.6 


mm thick) steel sections, reinforced as necessary for leg attachment. Each 


leg shall have a recessed leveling screw and a black, coved vinyl or rubber leg 


shoe, 2 inches (50 mm) in height. 


5. Fume Hood Cabinets: 


a. Purpose-designed metal cabinet with fixed panel above door to conceal cup 


sink and plumbing. 


b. Provide metal fume hood cabinets where adjacent cabinetry below a fume 


hood is also metal. 


6. Corrosives Storage Cabinets: 


a. Manufacturers: 


1). Justrite Manufacturing Company, 2454 Dempster St., Suite 300, Des 


Plaines, IL 60016 Tel: 800 798-9250. 


2). Approved substitution. 


b. Purpose-designed lined metal cabinet. 


c. Lining: All interior surfaces of the cabinet shall be coated with a 100% 


seamless non-porous flame-coated thermoplastic liner. Liner shall be applied 


to all interior walls, ceiling, sump, door interiors, and shelving. Basis of 


design: Justrite Chemcor. No known equal. 


1). Shelf: Removable adjustable full-depth metal shelf coated with lining 


material. Full-depth is defined as a shelf whose front edge is within ½ 
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inch (13mm) of the face of the cabinet when the shelf is fully back in 


the cabinet. 


d. Label: "CORROSIVES" in conspicuous silk-screened lettering. Stick-on decals 


are not acceptable. Size and style of lettering shall match the Flammable 


Liquid/Solvent Storage Cabinet label. Lettering shall be 2 ½ inches tall. Color 


of lettering shall be red. If cabinet color is red, lettering shall be yellow. 


e. Locks: Cabinet doors shall be lockable. Lock shall have not metal parts 


exposed within the lined interior. 


f. Venting: 


1). Cabinets below or adjacent to fume hoods: Provide and install 2 inch 


(50 mm) diameter schedule 40 PVC vent pipe and PVC fittings. 


Termination of vent pipe maybe one of the following: 


a). Extend vent pipe 4 inches (100 mm) above dished worktop, 


behind the baffle in the hood, as shown on the drawings. 


Provide hole through fume hood work surface above the 


corrosive storage cabinet to accommodate 2 inch (50 mm) 


diameter vent pipe. Seal gap around penetration with clear 


silicone sealant. 


b). Extend vent pipe up within the fume hood side wall and vent 


through the hood side wall liner behind the upper portion of the 


fume hood baffle. 


2). Cabinets not below or adjacent to fume hoods: Vent connection to 


exhaust duct system shall be by Division 23. Provide hole in back of 


cabinet to accept exhaust connection. 


g. Seismic Anchor: Provide seismic anchor for freestanding cabinets and 


cabinets located below fume hoods designated to be removable for access 


for persons with disabilities. Seismic anchors may be floor or wall 


attachments, but shall not attach to adjacent casework or work surfaces. 


Seismic anchors shall be accessible without removal of laboratory casework, 


furnishings, or equipment. 


7. Flammable Liquid/Solvent Storage Cabinets: 


a. Manufacturers: 
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1). Manufacturers of metal laboratory casework. 


2). Eagle Manufacturing Company, 2400 Charles St., Wellsburg, WV 26070 


Tel: 304 737-3171. 


3). Justrite Manufacturing Company, 2454 Dempster St., Suite 300, Des 


Plaines, IL 60016 Tel: 800 798-9250. 


4). Approved substitution. 


b. Purpose-designed double-walled metal cabinet for the storage of flammable, 


combustible and solvent liquids. 


c. Cabinet doors: Well-fitting, metal, self-closing and self-latching with fusible 


lead links and door sequencer. 


d. Label: "FLAMMABLE - KEEP FIRE AWAY" in conspicuous silk-screened 


lettering. Stick-on decals are not acceptable. Size and style of lettering shall 


match that of the Corrosive Storage Cabinet label. “FLAMMABLE” lettering 


shall be 2 ½ inches tall. “KEEP FIRE AWAY” lettering shall be 2 inches tall. 


Color of lettering shall be red. If cabinet color is red, lettering shall be yellow. 


e. Locks: Cabinet doors shall be lockable. 


f. Floor pan: Provide a 2 inch (50 mm) deep liquid tight pan to cover the entire 


bottom of the cabinet to contain liquid leaks and spills. 


g. Shelves: Provide heavy-duty full-depth metal shelves using pan-type 


construction to create a liquid-tight containment tray. 


h. Casters: Provide cabinets with lockable casters where indicated on the 


Laboratory Furnishing drawings. 


i. Standards: 


1). Comply with the requirements of OSHA and NFPA 30. 


2). Comply with the requirements of Uniform Fire Code and the 


International Fire Code with with UL 1275 and FM 6050 labels. 


j. Flammable liquid/solvent storage (base) cabinets shall not be vented. Seal 


vent openings with bungs as provided by manufacturer. 


k. Venting of tall cabinets: 
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1). Vents from multiple cabinets shall not be manifolded prior to 


connection to the building system. 


l. Electrical grounding:  


1). Provide each flammable liquid / solvent storage cabinet with an 


externally mounted grounding conductor screw terminal for up to #8 


AWG conductor, mounted at the top of the cabinet. 


2). Connection from the equipment grounding bus at the lab branch 


circuit panel to the storage cabinet terminal shall be by Division 26. 


m. Seismic Anchor: Provide seismic anchor for freestanding cabinets and 


cabinets located below fume hoods designated to be removable for access 


for persons with disabilities. Seismic anchors may be floor or wall 


attachments, but shall not attach to adjacent casework or work surfaces. 


Seismic anchors shall be accessible without removal of laboratory casework, 


furnishings, or equipment. Anchor attachment shall not void UL listing. 


8. Vacuum Pump Cabinets: 


a. Provide metal vacuum pump cabinets at:  


1). Locations where vacuum pump cabinets are located below fume 


hoods, and adjacent cabinets below fume hoods are also metal. 


2). At other locations where adjacent cabinets are metal. 


b. Label: "VACUUM PUMP" in conspicuous silk-screened lettering. Stick-on 


decals are not acceptable. Size and style of lettering shall match the 


Flammable Liquid/Solvent Storage Cabinet lettering. Lettering shall be 2 ½ 


inches tall. Color of lettering shall be red. If cabinet color is red, lettering 


shall be yellow. 


c. Venting:  


1). Exhaust connection will be by mechanical contractor. Provide flange 


for interface with exhaust duct.  


2). Provide air intake grille as specified elsewhere in this section. 


d. Acoustical Lining: Cabinet shall be provided with sound absorption and 


thermal heat reflecting quilted liner on door back, interior cabinet top, and 


interior cabinet sides, and interior cabinet back.  
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1). Acoustical Solutions product ABBC-13, no known equal. 


2). Attach along perimeter at 6” on center, typical. 


e. Cable/ vacuum line through port: Provide as specified elsewhere in this 


section. 


f. Pump Support: Stainless-steel pull out tray supported by 150 pound full 


extension drawer slides, with a watertight polypropylene pan insert. 


Vibration isolation shall be provided between tray and watertight pan insert. 


g. Electrical: Provide NEMA 5-20R receptacle mounted to inside back of cabinet 


installed by Division 11 with final connection by Division 26.  


1). Provide lit switch at inside top front of cabinet to control receptacle.  


9. Metal Casework Construction Performance: Base cabinets shall be constructed to 


support a uniformly distributed load of 200 lbs. minimum per square foot (1000 


kg/m²) of cabinet top area (total maximum of 2000 lbs. (900 kg)), including working 


surface without objectionable distortion or interference with door and drawer 


operation. 


a. Base cabinet corner gussets with leveling bolts shall support 500 lbs. (225 kg) 


per corner, at 1½ inch (38 mm) projection of the leveling bolt below the 


gusset. 


b. Each adjustable and fixed shelf 4 feet (1219 mm) or shorter in length shall 


support an evenly distributed load of 40 lbs. per square foot (200 kgf/m²) up 


to a maximum of 200 lbs. (90 kg), with nominal temporary deflection, but no 


permanent set. 


c. Drawer assemblies shall automatically maintain alignment in cabinet opening 


and shall not bind during opening or closing of the drawer so as to minimize 


glass breakage and damage to fragile parts. 


d. Swinging doors mounted on base units shall support a 250 lb. (113 kg) load 


located at a test point 14 inches (356 mm) measured horizontally from hinge 


along the top edge of door through a swing of 180 degrees. Weight test shall 


allow nominal temporary deflection, but no permanent distortion. Door 


assembly shall be twist- resistant and rigid, and shall close in a flat plane 


against the cabinet to permit the door catch at top of door to function 


properly. 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 20 RFD 


C. Hardware: As specified elsewhere in this Section. 


D. Metal Casework Color: As selected by the Architect from manufacturer's full color line and 


complying with finish requirements described below. 


E. Metal Casework Finish Requirements:  


1. Paint finish for steel laboratory products shall utilize a dry coating process with 


minimal waste generation. Liquid-applied coatings shall not be acceptable. 


Manufacturer shall supply documentation that waste generated during the painting 


process, is a solid, non-hazardous material. 


a. Pretreatment: Finish process shall incorporate a phosphate conversion 


coating during the pretreatment/cleaning operation. 


b. Operator Protection: The painting process shall be cleanly contained, have 


no solvent odor and be performed in an air-conditioned room. 


c. VOC (Volatile Organic Compounds) emissions shall not exceed 0.29 lbs per 


gallon (35 g/L). 


d. Offgasing: No further emissions or “Offgasing/Decomposition” vapors shall 


occur at room temperature from installed finished parts. 


2. Preparation: After the units have been completely welded together and before 


finishing, they shall be given a pre-paint treatment to provide excellent adhesion of 


the finish to the metal and to aid in the prevention of corrosion. Physical and 


chemical cleaning of the metal shall be accomplished by washing with an alkaline 


cleaner, followed by a spray treatment with a heated cleaner/phosphate solution 


and pretreated with iron phosphate spray followed by a neutral final seal prior to 


application of final finish. The strength of each solution shall be monitored by 


filtration to insure consistent quality. All treated parts shall be immediately dried in 


heated ovens and gradually cooled before application of the finish. Treated metal 


parts shall be clean and properly prepared to provide optimum adhesion of finish 


and resistance to corrosion. 


3. Application: Electrostatically apply powder coat of selected color and bake in 


controlled high temperature oven to assure a smooth, hard satin finish. Surfaces 


shall have a chemical resistant, high grade laboratory furniture quality finish of the 


following thicknesses: 
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a. All surfaces, exterior or interior, exposed to view, shall receive sufficient 


powder coat to achieve an average 1.5 mil (38 µm) film thickness with a 


minimum 1.2 mil (30 µm) film thickness and shall have smooth satin luster. 


b. Backs of cabinets and other surfaces not exposed to view shall have 


sufficient powder coat to achieve an average 1.0 mil (25 µm) film thickness. 


4. All drawer bodies to be finished in matching color or in a uniform neutral color. 


5. Concealed interior parts shall receive corrosion-resistant treatment. 


6. Finish must be UV stable. 


F. Metal Finish Performance Requirements: 


1. Manufacturer shall submit metal finish performance testing results. Testing to be 


performed by independent testing agency. 


2. Chemical resistance:  


a. Test procedure: Place samples on a flat surface, clean with soap and water 


and blot dry. Condition the panel for 48-hours at 73+ 3F (23(+ 2(C) and 50+ 


5% relative humidity, or the currently accepted guideline set by ASTM. Test 


the samples for chemical resistance using forty-nine different chemical 


reagents by one of the following methods. For both methods, leave the 


reagents on the sample for a period of one hour. Wash off the sample with 


water, clean with detergent and naptha, and rinse with deionized water. Dry 


with a towel and evaluate after 24-hours at 73± 3°F (23°± 2°C) and 50± 5% 


relative humidity, or the currently accepted guideline set by ASTM 


1). Method A: Test volatile chemicals by placing a cotton ball saturated 


with reagent in the mouth of a 1-oz. (29.574cc) bottle and inverting 


the bottle on the surface of the sample. The cotton ball shall remain in 


contact with the sample for the duration of the test. 


2). Method B: Test non-volatile chemicals by placing five drops of the 


reagent on the surface of the sample and covering with a 24mm watch 


glass, convex side down. 


b. Rating System: Evaluations shall use the following rating system: 


Level 0 No detectable change. 
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Level 1 Slight change in color or gloss. 


Level 2 Slight surface etching or severe staining.  


Level 3 Pitting, cratering, swelling, or erosion of coating. Obvious 


and significant deterioration. 


c. Acceptance Level: 


1). Individual test results for the specified 49 reagents shall be within the 


Range for that reagent as specified on the table below.   


2). There shall be no more than four (4) Level 3 conditions.  


d. Table of reagents: 


Test No. Chemical Reagent Test Method Range 


1. Acetate, Amyl A 0-1 


2. Acetate, Ethyl A 0-2 


3. Acetic Acid, 98% B 0-3 


4. Acetone A 0-1 


5. Acid Dichromate, 5% B 0-1 


6. Alcohol, Butyl A 0-1 


7. Alcohol, Ethyl A 0-1 


8. Alcohol, Methyl A 0-1 


9. Ammonium Hydroxide, 28% B 0 


10. Benzene A 0-2 


11. Carbon Tetrachloride A 0-1 


12. Chloroform A 0-2 


13. Chromic Acid, 60% B 0-2 


14. Cresol A 0-2 
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Test No. Chemical Reagent Test Method Range 


15. Dichloroacetic Acid A 0-3 


16. Dimethylformamide A 0-2 


17. Dioxane A 0-2 


18. Ethyl Ether A 0-1 


19. Formaldehyde, 37% A 0-1 


20. Formic Acid, 90% B 0-3 


21. Furfural A 0-3 


22. Gasoline A 0 


23. Hydrofluoric Acid, 37% B 0-2 


24. Hydrofluoric Acid, 48% B 0-3 


25. Hydrogen Peroxide, 30% B 0-1 


26. Iodine, Tincture of  B 0-2 


27. Methyl Ethyl Ketone A 0-2 


28. Methylene Chloride A 0-2 


29. Monochlorobenzene A 0-2 


30. Naphthalene A 0-1 


31. Nitric Acid, 20% B 0-1 


32. Nitric Acid, 30% B 0-1 


33. Nitric Acid, 70% B 0-3 


34. Phenol, 90% A 0-2 


35. Phosphoric Acid, 85% B 0-1 


36. Silver Nitrate Saturated B 0 
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Test No. Chemical Reagent Test Method Range 


37. Sodium Hydroxide 10% B 0 


38. Sodium Hydroxide 20% B 0 


39. Sodium Hydroxide 40% B 0-1 


40. Sodium Hydroxide Flake B 0 


41. Sodium Sulfide Saturated B 0 


42. Sulfuric Acid, 33% B 0 


43. Sulfuric Acid, 77% B 0 


44. Sulfuric Acid, 96% B 2-3 


45. Sulfuric Acid 77% & Nitric Acid 


70% equal parts 


B 1-3 


46. Toluene A 0-1 


47. Trichloroethylene A 0-1 


48. Xylene A 0-1 


49. Zinc Chloride, Saturated B 0 


3. Hot Water Test 


a. Test Procedure: 190°F to 205°F (88°C to 96°C) hot water shall be allowed to 


trickle (with a steady stream and at a rate of not less than 6 ounces (177.5 


cc) per minute) on the finished surface, which shall be set at an angle of 45°, 


for a period of 5 minutes. 


b. Acceptance Level: After cooling and wiping dry, the finish shall show no 


visible effect from the hot water. 


4. Paint Adhesion on Steel Test 


a. Test Procedure: Test shall be based on ASTM D2197-86 “Standard Method of 


Test for Adhesion of Organic Coating.” Two sets of eleven parallel lines 1/16 


inch (1.587 mm) apart shall be cut with a razor blade to intersect at right 


angles thus forming a grid to 100 squares. The cuts shall be made just deep 
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enough to go through the coating, but not into the substrate. Brush surface 


lightly with a soft brush for one minute. Examine under 100 fc (1076 lux) of 


illumination. 


b. Acceptance Level: Ninety or more of the squares shall show finish intact. 


5. Impact Test 


a. Test Procedure: Drop a 1 lb (0.4536 kg) ball (approximately 2 inch (50.8 mm) 


diameter from a distance of 12 inches (305 mm) onto a flat horizontal 


surface, coated to manufacturer’s standard manufacturing method. 


b. Acceptance Level: No visual evidence to the naked eye of cracks in the finish 


due to impact. 


6. Paint Hardness on Steel Test 


a. Test Procedure: Paint film shall be tested with pencils of various hardnesses.  


Pencils shall have a wide, sharp edge. Pencils shall be pushed across surface 


in a chisel-like manner. 


b. Acceptance Level: Finish film shall not rupture from a sharpened 4H pencil.  


2.2 CABINET HARDWARE 


A. General: Special cabinets, such as corrosives storage, flammable liquid and solvent 


storage, rock storage, map storage, museum storage, radioisotope storage, and narcotics 


lockers, may be provided with the manufacturer’s standard hardware. 


1. All door and drawer pulls shall match, regardless of type of casework, except for: 


a. Flammable liquid/ solvent storage cabinets, which should use manufacturer’s 


standard latch handles as required to satisfy requirements of regulatory 


approvals. 


2. All hardware shall be compliant with the ADA Standards for Accessible Design (28 


CFR Part 36) and 2013 California Building Code. 


B. Drawer and Hinged Door Pulls: 


1. Drawer and door pulls shall attach to door or drawer with machine screws. Two (2) 


pulls shall be furnished on drawers wider than 28 inches (711 mm). Plastic pulls or 


other types subject to breakage are not acceptable. 
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2. Type: Pulls shall be round “wire.” 


a. Material and Finish: 


1). Stainless steel with finish as follows: 


2). BHMA 630 Satin (Previously US32D). 


b. Size: 


1). Length: 4 inches (100 mm) center to center of screw holes. 


2). Diameter: ¼ inch (6 mm). 


C. Hinges: 


1. General: Hinges shall be attached to both door and case with three screws through 


each leaf. Provide two hinges for doors up to 48 inches (1219 mm) high; three 


hinges for doors over 48 inches (1219 mm) high.  


2. Type: Institutional with a five-knuckle bullet-type barrel. Characteristics: 


a. Height: 2½ inches (63 mm), nominal. 


b. Material: Stainless steel with stainless steel screws. 


1). Finish: 


a). BHMA 630 Satin (Previously US32D). 


2). Manufacturers: 


a). Rockford Process Control, Inc. 202 Seventh St., Rockford, IL 


61104 Tel: 815 966-2000. 


b). Approved substitution. 


D. Shelf Hardware: 


1. Shelf Supports: 


a. Adjustable shelf supports: Adjustable plastic shelf support with lockdown 


clips. 


2. Manufacturers: 
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a. Bainbridge Manufacturing, Inc., P. O. Box 487, 237 W 3rd, Waterville, WA 


98858 Tel: 800 255-4702. 


b. The Engineered Products Company (Epco), P. O. Box 108, Flint, MI 48501 Tel: 


313 767-2050. 


c. Knape & Vogt Manufacturing CO., 2700 Oak Industrial Dr. NE, Grand Rapids, 


MI 49505 Tel: 616 459-7620. 


d. Sugatsune America, Inc. 221 East Selandia Lane, Carson, CA 90746 Tel: 310 


329-6373. 


e. Approved substitution. 


E. Catches: 


1. Roller Catches:  


a. Types and Materials: Roller catches shall be one of the following types. All-


plastic or knuckle-type catches are not acceptable, except at corrosive 


storage cabinets. 


1). Tension ball catches consisting of a case with an adjustable-tension 


ball catch and a martching strike. Components shall be either stainless 


steel, chrome plated zinc alloy, or chrome-plated brass. 


2). Nylon roller housed in a steel case, which catches on a steel strike 


plate. Steel components shall be zinc finished. 


3). At metal casework base cupboard, catches may consist of a two-piece 


heavy-duty cam action positive catch positioned near the pivoting 


edge of door which provides a clean unobstructed opening. Main body 


of the catch shall be confined within an integral cabinet divider rail, 


while latching post shall be mounted on the hinge side of door.  


4). At corrosive storage cabinets, catches shall be non-metallic. 


b. Application: Provide roller catches at top of all non-locked cabinet doors. 


c. Manufacturers: 


1). The Engineered Products Company (Epco), P. O. Box 108, Flint, MI 


48501 Tel: 313 767-2050. 
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2). Sugatsune America, Inc. 221 East Selandia Lane, Carson, CA 90746 Tel: 


310 329-6373. 


3). Approved substitution. 


2. Elbow catches: Heavy-duty, adjustable, spring-type elbow catch and strike plate. 


a. Material: Brass or steel with bright chromium plated finish. 


b. Application: Elbow catches shall be used on left hand doors of locked double 


door cabinets, including tall cabinets.  


1). At tall cabinets, elbow catch shall latch to fixed center shelf. Latching 


devices using chains or strings are not acceptable. 


c. Manufacturers: 


1). The Engineered Products Company (Epco), P. O. Box 108, Flint, MI 


48501 Tel: 313 767-2050. 


2). Approved substitution. 


F. Drawer slides: 


1. Typical: Ball bearing slides: 


a. Material: 


1). Clear, zinc-coated steel. 


b. Full extension, 100 lb/pr. (45 kg/pr.) capacity: Accuride 3832, Fulterer 


FR5000, or equal. 


c. File drawers shall be equipped with rail mounted with overtravel, 150 lb/pr. 


(68 kg/pr.) capacity: Accuride 4034, Fulterer 5755, or equal. 


d. Pull-out shelf suspension: 100 lb/pr. (45 kg/pr.) capacity pull-out shelf slide: 


Accuride 322, or equal. 


e. Pull-out writing boards: 110 lb/pr. Capacity lock-out slide with 20” of travel: 


Accuride 340-247, or equal. 


f. Manufacturers: 


1). Accuride, 12311 Shoemaker Ave., Santa Fe Springs, CA 90670 Tel: 562 


903-0200. 
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2). Hettich America LLP, 6225 Shiloh Road, Alpharetta, Georgia 30005 Tel: 


770 887-3733. 


3). Fulterer USA, 542 Townsend Ave., High Point, NC 27263 Tel: 800 395-


4646. 


4). Waterloo Furniture Components Inc., 501 Manitou Dr., Kitchener, 


Ontario, Canada N2C 1L2 Tel: 519 748-5060. 


5). Approved substitution. 


2. Typical: Stainless steel ball bearing slides: 


a. Typical drawers shall be equipped with full extension, 100 lb/pr. (45 kg/pr.) 


capacity: Sugatsune ESR-7, or equal. 


b. File drawers shall be equipped with rail mounted with overtravel, 150 lb/pr. 


(68 kg/pr.) minimum capacity: Sugatsune ESR-10, or equal. 


c. Provide matching slides at pull-out writing boards, pull-out keyboard trays, 


pull-out shelves, and other similar conditions. 


d. Manufacturers: 


1). Sugatsune America, Inc. 221 East Selandia Lane, Carson, CA 90746 Tel: 


310 329-6373. 


2). Standard-Keil, Route 34 and Allenwood Rd., Allenwood, NJ 08720 Tel: 


908 449-3700. 


3). Approved substitution. 


G. Special Hardware Requirements for Mobile Cabinets: 


1. Mobile cabinets shall be engineered by the manufacturer to avoid overturning 


(tipping) when drawers are loaded to their design load, and opened to the specified 


glide opening.  


2. The top drawer of mobile cabinets shall have an opening restricted to ¾ full open. 


3. Mobile cabinets shall be provided with a rod-based drawer interlock glide system 


to prevent multiple drawers from being opened simultaneously. Accuride 3641 


with companion slides Accuride 3642, Fulterer FR5218 with companion slides 


FR5019, or similar. 
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4. Mobile cabinets may additionally be provided with a counter weight system, 


consisting of galvanized steel plates securely attached to the cabinet bottom or 


inside the cabinet back. The weights shall not be visible when the cabinet is in the 


normal, upright position. 


H. Drawer Stops: All regular drawers shall be equipped with integral stops to prevent drawer 


head impact with cabinet body. 


I. Door Stops: Provide door stops for any cabinet door, which will strike an obstruction 


when opened between 90° and 135°. 


1. Stop to be either: 


a. Sash chain, #30 zinc-plated steel. 


1). Terminations: Zinc chromate wire screw eyes. Open eye as required to 


attach stop with screws. Through-bolting not allowed. 


b. Coated cable. 


1). Seven-strand, 7-wire-per-strand, stainless steel cable with clear nylon 


coating. 


2). Wire diameter: 0.047 inches. 


3). Composite diameter with coating: 0.063 inches. 


4). Terminations: Number 10 stake eye on both ends. Attach to 


door/cabinet with screws. Through-bolting not allowed. 


5). McMaster Carr part number 30345T3 or equivalent. 


2. Engineer stop to length to allow door to open 1 ½ inch (40 mm) from obstruction. 


J. Hanging File Suspension System: Hangers shall be fastened and secured to drawer 


construction and shall not be freestanding units set inside the drawer. Provide in all file 


drawers. 


1. Basis of Design: Blum Metafile Hanging File Frame Kit. 


2. Manufacturers: 


a. Julius Blum, Inc. 7733 Old Plank Rd., Stanley, NC 28164 Tel: 800 438-6788. 
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b. Hettich America L. P., 6225 Shiloh Rd., Alparetta, GA 30005 Tel: 800 438-


8424. 


c. Approved substitution. 


K. Locks: 


1. General: Provide locks on all file cabinet drawers. Provide locks at other locations 


as indicated on the drawings.  


2. Lock type: Deadbolt-type lock. 


a. Disc-tumbler-type locks and/or cam-type locks will not be accepted. 


b. Framed sliding door locks shall be plunger type. 


c. Refer to Elbow Catches section, above, for requirements at two-swinging-


door cabinets. 


3. Testing requirements: 


a. Locks shall comply with ANSI/BHMA standard E07121. 


b. Lock shall be cycle tested per ANSI/BHMA A156.11 Grade 1. 


4. Include spacers, adapters, fasteners, and strikes.  


a. All locks shall strike into metal material. Striking directly into wood is not 


acceptable. 


5. Barrel length shall be coordinated with specific conditions. 


6. Finish: Locks shall have satin nickel or satin chrome finish. 


7. Keying:  


a. Key quantities: Provide two keys per lock. Provide four copies of any master/ 


grand master keys. 


b. Key system:  


1). Key system shall support a minimum of 2000 different keys.  


2). Key system shall support up to three levels of master keys (grand-


master keys, master keys, and sub-master keys) in addition to 


individual keys. 
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c. Key cylinder type: 


1). Coordinate key type with owner. 


d. Key schedule: Coordinate key schedule with Owner. 


8. Key engraving: 


a. Keys to be engraved with an identification number corresponding to the 


layout of unique keys on the project. All identical keys shall be engraved with 


the same number. 


9. Manufacturers: 


a. Swinging Doors and Drawers: 


1). Illinois Lock Company, 301 West Hintz Rd., Wheeling, IL 60090 Tel: 847 


537-1800. 


2). National Cabinet Lock, 200 Old Mill Rd., P. O. Box 200, Mauldin, South 


Carolina 29662 Tel: 864-297-6655. 


3). Olympus Lock, Inc. 18424 Highway 99, Lynnwood, Washington 98037 


Tel: 206 362-3290. 


4). Approved substitution. 


b. Sliding Doors: 


1). National Cabinet Lock, 200 Old Mill Rd., P. O. Box 200, Mauldin, South 


Carolina 29662 Tel: 864 297-6655. 


2). Olympus Lock, Inc. 18424 Highway 99, Lynnwood, Washington 98037 


Tel: 206 362-3290. 


3). Sugatsune America, Inc. 221 East Selandia Lane, Carson, CA 90746 Tel: 


310 329-6373. 


4). The Engineered Products Company (Epco), P. O. Box 108, Flint, MI 


48501 Tel: 313 767-2050. 


5). Approved substitution. 


L. Glides: Non-marring material, 1 inch (25 mm) diameter, minimum, with at least 5/8 (16 


mm) vertical adjustment. Provide on movable tables, unless otherwise indicated.  
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M. Leveling devices: Provide each table leg with 3/8 inch (10 mm) minimum diameter 


leveling bolt and floor clip. 


N. Leg shoes: Leg shoes shall be provided on all legs and table legs to conceal leveling 


devices, except for tables with casters. Shoes shall be 2 ½ (63 mm) inch high and of black 


rubber or pliable black vinyl material. Use of a leg shoe which does not conceal leveling 


device is not acceptable. 


O. Floor clips: Provide leg assemblies and fixed table legs with floor clips securely fastened to 


the floor after shimming. 


P. Casters: Where indicated on Laboratory Furnishing drawings, provide sets of 3 ½ inch (89 


mm) diameter wheels with self-lubricating bearing, rated to carry 250 pounds (113 kg) 


minimum each. Each caster must swivel and have a locking brake. Wheel shall be of 


molded polyurethane tread mechanically locked to a polyolefin core. 


1. Material: Caster shall be heavy gauge stainless steel. 


2. Manufacturers: 


a. Acorn Industrial Products Co., 7 Union Hill Dr., W. Conshohocken, PA 19428 


Tel: 800 523-5474. 


b. Caster Technology Corporation, 3265 Whipple Rd., Union City, CA 94587, Tel: 


510 429-6727. 


c. Hamilton Caster & Mfg. Co., 1637 Dixie Highway, Hamilton, OH 45011 Tel: 


888 699-7164. 


d. Approved substitution. 


Q. Support Struts and Service Ledging: Refer to specifications for slotted channel framing in 


this Section. 


2.3 LABORATORY WORK SURFACES 


A. Epoxy Resin: 


1. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers.  


a. Durcon Laboratory Tops, Inc., 206 Allison Drive, Taylor, TX 76574 Tel: 512-


595-8000. 
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b. Epoxyn Products, 500 E. 16th Street, Mountain Home, AR 72653 


Tel: 870 425-4321. 


c. Kewaunee Scientific Corporation, P O Box 1842, Statesville, NC 28687 


Tel: 704 873-7202. 


d. Prime Industries, Inc., 2600 Warrenville Road, Suite 205, Downers Grove, IL 


60515 Tel 630-725-9200 


e. Approved substitution. 


2. Thickness: 


a. Typical work surface: 1 inch (25 mm). 


b. Fume hood work surfaces: Tops shall be 1¼ (32 mm) inches thick at outer 


edge, indented minimum ¼ inch (6 mm) to provide a raised rim around all 


exposed edges 1 inch (25 mm) wide, minimum, or as to allow for the fume 


hood sash. The front top edge of the raised rim and exposed vertical corners 


of the top shall be rounded or chamfered to a 1/8 inch (3 mm) radius. The 


juncture between the raised rim and the top surface shall be coved or 


chamfered to a ¼ inch (6 mm) radius. 


c. Curbs and Splashes: ¾ inch (19 mm). 


3. Color: 


a. White / Light Gray. 


b. Color sample to be approved by Architect before work is put in hand. 


4. Description:  


a. Monolithic filled epoxy resin work surface consisting of a polymerized cast 


resin material oven-cured in molds.  


b. Drip Grooves: Provide under all work surface exposed edges, unless noted 


otherwise on the Laboratory Furnishing Drawings. Drip grooves shall be ½ 


inch (13 mm) from the front edge where the top overhangs 1 inch (25 mm) 


and ¼ inch (6 mm) from the edge where the edge overhangs ½ inch (13 mm). 


c. Edge profile: For all exposed upper edges and corners can be one of the 


following: 
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1). Radius eased: 1/4 inch (6 mm) machined radius with blended radius 


corners. 


2). Bevel eased: 1/8 inch (3 mm) machined bevel with blended radius 


corners. 


d. Marine edges: Where indicated on the Laboratory Furnishing Drawings, shall 


be 1 inch (25 mm) wide and ¼ inch (6 mm) high with chamfered or radiused 


transition to and be an integral part of the work surface. 


e. Indented areas: Where indicated on the Laboratory Furnishing Drawings, 


shall be ¼ inch (6 mm) deep with chamfered or radiused sides. Internal and 


external corners shall have ¼ inch to ½ inch (6 to 13 mm) radius. Marine 


edges formed around indented areas shall not be less than 1 inch (25 mm) 


wide. 


f. Drain grooves: Where indicated on the Laboratory Furnishing Drawings, shall 


be 3/8 inch (9mm) wide, 2 inches (50mm) on-center, and shall slope at 1/8 


inch (3mm) per foot towards the sink. 


g. Sink Mounting: 


1). Drop-in Sink Cutouts: Cutouts shall be profiled to provide support for 


the sink, and to ensure that the rim of the installed sink is 1/8 inch (3 


mm) below the surrounding work surface level or bottom of drain 


grooves, if present. The top edge of the cutout shall have 1/8 inch (3 


mm) bevel. Ensure that there shall be no gaps between the installed 


sink rim and work surface. 


h. Curbs and Splashes: 


1). Height: 4 inches (100 mm), unless noted otherwise on Laboratory 


Furnishing Drawings. 


2). Bonded to the surface of the top to form a square joint.  


i. Provide all holes and cutouts as required for built-in equipment and 


mechanical and electrical service fixtures. Verify size of opening with actual 


size of equipment to be used prior to making openings. Form inside corners 


to a radius of not less than 1/8 inch (3 mm). After sawing, rout and file 


cutouts to ensure smooth, crack-free edges. Seal exposed edges after cutting 


with a waterproofing material recommended by the manufacturer. 
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j. Provide full-length, one-piece tops and backsplashes wherever possible, and 


keep field joints to an absolute minimum. 


5. Physical Properties: 


a. Chemical resistance: 


1). Organic solvents: A cotton ball, saturated with the test chemical, is 


placed in a one ounce bottle with a reservoir of liquid above the ball. 


The container is inverted on the test material surface for a period of 


24 hours. Test temperature: 23°C ±2°C. 


2). Other test chemicals: Five drops (1/4 cc) of the test chemical are 


placed on the test material surface. The chemical is covered with a 1 


inch diameter watch glass for a period of 24 hours. Test temperature: 


23°C ±2°C. 


3). Evaluation: After 24 hours exposure, exposed areas are washed with 


water, then a detergent solution, finally with naphtha, then rinsed 


with distilled water, dried with a cloth, and rated as follows: 


0 No effect No detectable change in the material 


surface. 


1 Excellent Slight detectable change in color or gloss 


but no change in function or life of the 


surface. 


2 Good A clearly discernable change in color or 


gloss but no significant impairment of 


surface life or function. 


3 Fair Objectionable change in appearance due to 


discoloration or etch, possibly resulting in 


deterioration of function over an extended 


period of time. 


4 Failure Pitting, cratering, or erosion of the surface. 


Obvious and significant deterioration. 


4). Test results: 
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Test chemical 
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Chromic acid 40% 3 2 2 2 


Hydrochloric acid 10% 0 0 0 0 


Hydrochloric acid (conc.) 37% 0 0 0 0 


Nitric acid 40% 0 0 0 0 


Nitric acid (conc.) 70% 0 0 0 0 


Sulfuric acid 60% 0 0 0 0 


Sulfuric acid (conc.) 96% 4 4 4 4 


Acetic acid 5%  0 0 0 0 


Acetic acid (glacial)  0 0 0 0 


Citric acid 1% 0 0 0 0 


Oleic acid  0 0 0 0 


Phenol solution 5% 0 0 0 0 


Ammonium hydroxide 10% 0 0 0 0 


Sodium carbonate sol. 20% 0 0 0 0 


Sodium hydroxide sol. 60% 0 0 0 0 


Sodium hypochlorite sol. 4% 0 0 0 0 


Acetone  1 1 1 1 


Benzene  1 1 1 1 


Carbon tetrachloride  1 1 0 0 


Diethyl ether  0 0 1 1 
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Test chemical 
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Dimethyl formamide  0 0 0 0 


Ethyl acetate  0 1 1 0 


Ethyl alcohol 95% 0 0 0 0 


Ethylene dichloride  0 0 0 0 


Heptane  0 0 1 0 


Isooctane  0 0 0 0 


Kerosene  0 0 0 0 


Methyl alcohol  0 0 0 0 


Toluene  0 0 0 0 


Aniline  0 0 0 0 


Mineral oil  0 0 0 0 


Olive oil  0 0 0 0 


Soap solution 1% 0 0 0 0 


Transformer oil  0 0 0 0 


Turpentine  0 0 0 0 


b. Heat resistance: 


1). High temperature test: A porcelain crucible is heated to a dull red 


color, placed on the test material, and allowed to cool to ambient 


temperature. Result: No observable surface deformation. 


2). Flame test: A 3/8 inch (10 mm) Bunsen burner is adjusted to a quiet 


flame with a 1½ inch (38 mm) inner cone, overturned on the test 
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material, and allowed to stay for 5 minutes. Result: no observable 


surface deformation. 


c. Physical properties: 


Compressive strength ASTM D695 31,400 psi (216 MPa) 


Tensile strength ASTM D638 8,000 psi (55 MPa) 


Flexural strength ASTM D790 11,700 psi (81 MPa) 


Rockwell hardness “M” ASTM D785 105-110 


Specific density ASTM D792 122.4 lb/ft³ (1960 


kg/m³) 


Water absorption ASTM D570 0.01% 


Fire Resistance ASTM D635 ATB (sec)=0 


Heat deflection @ 264 psi 


(1.82 MPa) 


ASTM D648 205°F (172°C) 


B. Chemical Resistant High-Pressure Decorative (Plastic) Laminate Tops: 


1. Manufacturers/Facing material: Products complying with this specification may be 


provided by the following manufacturers.  


a. Nevamar Decorative Surfaces, One Nevamar Place, Hampton, SC 29924 Tel: 


800 638-4380. 


b. Pionite Decorative Surfaces, One Pionite Road, P.O. Box 1014, Aubern, ME 


04211 Tel: 800 746-6483. 


c. Wilsonart International, 2400 Wilson Place, P. O. Box 6110, Temple, TX 


76503 Tel: 800 433-3222. 


d. Approved substitution (no known equal). 


2. Approved Products:  


a. Nevamar ChemArmor. 


b. Pionite ChemGuard. 
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c. Wilsonart ChemSurf 


3. Substrate Thickness: 


a. Typical work surface: 1 inch (25 mm). 


b. Curbs and Splashes: ¾ inch (19 mm). 


4. Color: To be selected by Architect. 


5. Description: 


a. High-pressure decorative laminate, meeting or exceeding NEMA Standard 


LD3 2005 Grade HGP, HGL, or HGS requirements, consisting of a resin 


formulation applied over the decorative surface paper to achieve chemical 


resistance. The decorative paper shall be treated with melamine resin, and 


the core shall consist of kraft papers impregnated with phenolic resin. Sheets 


shall be bonded under high temperature and pressure. Product shall be 


developed for casework, work surface, and shelving surfaces in laboratories. 


b. Finish: Fine pebble-grained “crystal” texture or matte texture with slight 


sheen to minimize smudges and finger marks, and to provide optimum 


scratch resistance.  


1). Gloss: 15-16 +/- 3 gloss units. 


c. Core material: Hardwood veneer core plywood. 


1). Description: A one step calibrated core +/- .5mm (to avoid voids) with 


type 1 waterproof nauf glue. Grade 2 face, and back of mill choice 


plywood veneer. 


2). Thickness/Plies: 


a). ¾ inch (19 mm): minimum 7-ply. 


b). 1 inch (25 mm): minimum 9-ply. 


3). Physical Properties: 


a). Average modulus of rupture: 7346 psi (50.65 N/mm2). 


b). Face Screw Holding Strength: 355 lbf (1579 N). 
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d. Backing sheets: High-pressure phenolic meeting or exceeding NEMA 


Standard LD3-2005 Grade BKL. 


e. Plastic laminate adhesive: High-pressure decorative laminate shall be 


bonded to core with adhesive as recommended by the manufacturer for the 


application, at temperature above 65°F (18°C) at a pressure no less than 15 


pounds per square  inch (103 kPa). Laminate core is not to exceed 10% 


moisture content and is to be laminated and cured in a controlled 


environment between 45% and 60% RH. 


f. Edging: Tops shall be edged with 3 mm PVC edge banding set in hot melt 


adhesive. Adhesive shall have a minimum softening point of 150°F (65°C). 


Apply primer to substrate when recommended by adhesive manufacturer. 


g. Provide all holes and cutouts as required for built-in equipment and 


mechanical and electrical service fixtures. Verify size of opening with actual 


size of equipment to be used prior to making openings. Form inside corners 


to a radius of not less than 1/8 inch (3 mm). After sawing, rout and file 


cutouts to ensure smooth, crack-free edges. Seal exposed edges after cutting 


with a waterproofing material recommended by the manufacturer. 


h. Provide full-length, one-piece tops and backsplashes wherever possible, and 


keep field joints to an absolute minimum. 


i. Sinks: 


1). Cutouts for top-mounted sinks shall be routed and sanded to form 


smooth edged openings.  


2). Seal exposed edges after cutting with a waterproofing material 


recommended by the manufacturer. 


j. Curbs and Splashes:  


1). Height: 4 inches (100 mm), unless noted otherwise on Laboratory 


Furnishing Drawings. 


2). Fabricate similar to top with PVC edge band along exposed ends. 


3). Splash shall be set in a thin bead of silicone sealant to prevent 


moisture migration through the joint. 


k. Physical Properties: 
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1). Reference Standard: Plastic laminates shall meet or exceed 


ANSI/NEMA Specification LD3-2005 for Type HGP as specified herein, 


unless otherwise indicated. 


2). Minimum Thickness: 0.034 inches ± 0.005 inches (0.97 mm ± 0.13 


mm). 


3). Cleanability: 10 cycles (NEMA LD3 test method 3.4). 


4). Boiling Water Resistance: No effect (NEMA LD3 test method 3.5). 


5). High Temperature Resistance: Slight effect (NEMA LD3 test method 


3.6). 


6). Scratch Resistance: 2.5 Newtons (NEMA LD3 test method 3.7). 


7). Ball Impact Resistance: 60 inches (1524 mm) (NEMA LD3 test method 


3.8). 


8). Radiant Heat Resistance: 200 sec (NEMA LD3 test method 3.10). 


9). Dimensional change: 


10). Machine direction: 0.50% (NEMA LD3 test method 3.11). 


11). Cross direction: 0.80% (NEMA LD3 test method 3.11). 


12). Wear resistance: 1,500 cycles, min. (black); 700 cycles, min. (other 


colors) (NEMA LD3 test method 3.13). 


13). Blister Resistance: 70 sec (NEMA LD3 test method 3.15). 


14). Stain Resistance Performance Test Results: The surface shall show 


essentially no effect on Black (Lab grade) plastic laminate when left in 


contact for 16 hours either when reagents were kept covered or 


allowed to evaporate. 


0 No effect No detectable change in the material 


surface. 


1 Excellent Slight detectable change in color or gloss 


but no change in function or life of the 


surface. 
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2 Good A clearly discernable change in color or 


gloss but no significant impairment of 


surface life or function. 


3 Fair Objectionable change in appearance due to 


discoloration or etch, possibly resulting in 


deterioration of function over an extended 


period of time. 


4 Failure Pitting, cratering, or erosion of the surface. 


Obvious and significant deterioration. 
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Acetic acid  All 0 


Aqua regia  0 


Chromic trioxide (Chromic acid cleaning 


solution) 


 1 


Glacial acetic acid 99% 0 


Hydrochloric acid  All 0 


Hydrofluoric acid 48% 0 


Formic acid  All 0 


Nitric acid  All 3 


Sulfuric acid  All 0 


Perchloric acid (concentrated)  0 


Phosphoric acid  All 0 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 44 RFD 


Acids 


C
o


n
ce


n
tr


a
ti


o
n


 


R
a


ti
n


g
 


Picric acid  1.2% 0 


Tannic acid (saturated)  0 


Uric acid (saturated)  0 


 


Alkalis   


Ammonium hydroxide  All 0 


Sodium hydroxide  All 3 


Sodium sulfide  15% 0 


 


Solvents   


Acetone  0 


Amyl acetate  0 


Amyl alcohol  0 


Butyl alcohol  0 


Carbon disulfide  0 


Carbon tetrachloride  0 


Chlorobenzene  0 


Chloroform  0 


Cresol  0 


Dimethylformamide  0 
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Solvents   


Dioxane  0 


EDTA  0 


Ethyl acetate  0 


Ethyl alcohol  0 


Formaldehyde  0 


Methanol  0 


Methyl ethyl ketone  0 


Methylene chloride  0 


n-Hexane  0 


Naphthalene  0 


Phenol  0 


Tetrahydrofuran  0 


Toluene  0 


Trichlorethane  0 


Xylene  0 


 


General Reagents   


Alconox (lab detergent)  0 


Aluminon  0 


Ammonium phosphate  0 


Aromatic ammonia  0 


Benedicts solution  0 
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General Reagents   


Calcium hypochlorite (concentrated)  0 


Camphorated parachlorophenol  1 


Cellosolve  0 


Copper sulfate  0 


Ethylene glycol  0 


Eucalyptol  0 


Formalin  0 


Gasoline  0 


Hydrogen peroxide  3% 0 


Iodine  0 


Karl Fisher Reagent  0 


Kerosene  0 


Lactated ringers  0 


Lysol  0 


Methyl methacrylate  0 


Mineral Oil  0 


Monsel’s solution (Ferric subsulfate)  0 


Naphtha  0 


Petroleum jelly  0 


Phosphate buffered saline (PBS)  0 


Pine oil  0 


Potassium permanganate  0 


Povidone iodine  0 
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General Reagents   


Procaine  0 


Quaternary ammonia compounds  0 


Silver nitrate  0 


Sodium azide  0 


Sodium chromate  0 


Sodium hypochlorite  5% 0 


Sodium thiocyanate  0 


Sucrose  50% 0 


Thymol & Alcohol  0 


Tincture of Iodine  0 


Tincture of Mercurochrome  0 


Tincture of Merthiolate  0 


Trisodium phosphate  30% 0 


Urea  0 


Vegetable oils  0 


Water  0 


Zephiran chloride  0 


Zinc chloride  0 


Zinc oxide ointment  0 


 


Stains and Indicators   


Ag Eosin Bluish 5% in Alcohol  0 
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Stains and Indicators   


Bromothymol Blue  0 


Cresol Red  0 


Crystal Violet  0 


Gentian Violet 1% 0 


Gram Stains  0 


Malachite Green  0 


Methyl Orange  0 


Methyl Red  0 


Methylene Blue  0 


Nigrosine  0 


Safranin O  0 


Sudan III  0 


Thymol Blue  0 


Wright’s Blood Stain  0 


C. Stainless Steel: Refer to Stainless Steel Fabrications section of this specification. 


D. Solid Laminated Wood Tops:  


1. Edge grain maple laminations with edge grain exposed. 


2. Thickness: 


a. 1 inch (25 mm) 


b. 1¾ inch (44 mm) 


c. 2¼ inch (57 mm) 


3. Composed of solid hard maple strips 1¾ inches (44 mm) wide, glued with water-


resistant resin under heavy pressure side to side and end to end.  
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4. Curbs and splashes to be ¾ inch (18mm) thick matching material, 4 inches (100mm) 


high.  


5. Round top edges and corners. Plane and sand smooth all surfaces.  


6. Provide full-length, one-piece tops and backsplashes wherever possible, and keep 


field joints to an absolute minimum. 


7. Finish: 


a. Finish with two coats of boiled linseed oil, well rubbed into all surfaces. 


8. Manufacturers: 


a. Bally Block Co., P.O. Box 188, Bally, Pennsylvania 19503. 


b. Michigan Maple Block Co., P.O. Box 245, Petoskey, Michigan 49770. 


c. Approved equal.  


2.4 MOBILE WORKSTATION  


A. “h” Frame – (MWS--A) 


1. A modular, manufactured, dimensioned system of movable h-frame-style 


laboratory casework units and matching stand-alone table frames, as shown on 


the drawings. 


2. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the 


provided by a single manufacturer.  


a. Bedcolab Ltd, 2305 Francis Hughes Avenue, Laval, Quebec, Canada H7S 1H5 


Tel 514 384-2820.  


b. CiF Lab Solutions, 53 Courtland Avenue, Vaughan, Ontario, Canada L4K 3T2 


Tel: 905 738-5821.  


c. Kewaunee Scientific Corporation, P O Box 1842, Statesville, NC 28687 Tel: 704 


873-7202.  


d. Mott Manufacturing Ltd., 452 Hardy Road, P. O. Box 1120, Brantford, ON, 


Canada N3T 5T3 Tel: 519 752-7825. 


3. System requirements: 
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a. The system shall consist of a fully-welded vertical framework with slotted 


uprights to support work surface table frames and shelving components; and 


matching stand-alone table frames. 


b. System to be self-supporting and independent of the building structure. 


c. All welds shall be continuous and ground smooth. 


d. The vertical framework shall be designed to allow for piped utility service 


fixtures, electrical/data outlets and supply pipwork/cabling lines utilizing the 


vertical frame system as a utility chase. 


e. The vertical height of work surfaces shall be adjustable from 30” high to 37” 


high, in 1” increments. 


f. The upper shelving units shall be adjustable in 1” increments.  


g. The bench system shall ship complete with minimal final assembly. Assembly 


shall be accomplished with simple hand tools. 


4. Vertical Framework: Support structure for worksurface table frames and shelves; 


and service chase for all service lines, data and electrical cables. 


a. Vertical framework shall be fabricated as one fully-welded assembly and 


painted as one piece. 


b. Vertical uprights shall allow for internal plumbing, electrical and data cabling. 


1). Single frame uprights shall be 11 gauge tubular steel, nominal 2 inch 


outside diameter.  


2). Shared rear frame upright shall be 11 gauge cold-rolled steel formed to a 


nominal 2 inch X 6 inch member. 


3). Gas piping and high/low voltage cabling shall be separated in opposite 


and separate vertical members. 


4).   Cabled vertical upright shall have two channels to separate low voltage 


from high voltage cabling. 


5). Uprights shall include removable panels to allow access to piping and 


electrical services. 


6). Removable panel can be on either the inside or the outside of the frame.  


c. Frames exceeding 36 inches in width shall have a center top vertical support to 


accommodate split shelving.  
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d. Fully welded caps shall be provided at the top and bottom of the vertical 


support members, with penetrations only as required for levelers and for 


service connections as indicated. 


e. Uprights shall have tapped holes to allow for attachment of worksurface table 


frames. The uprights shall incorporate machined inserts at these locations for 


stability and durability. 


f. Upright to have slots punched on 1 inch increments starting at nominal 55 


inches above the floor to the top of the uprights. Pattern shall match Knape & 


Vogt 85 ANO series uprights. 


g. Upper and lower horizontal cross rails shall be 11 gauge for single frames and 


14 gauge for shared frames. 


1). Lower horizontal cross rail shall serve as an integral power/data raceway 


with removable bottom cover. Bottom cover shall be held in place with 


screws. Provide metal dividers within raceway between power and data 


cabling compartments. 


2). Upper horizontal cross rail may be used for routing of power and 


electrical cables. Provide metal dividers between power and data cabling 


compartments. Upper horizontal cross rail shall be provided with a top 


enclosure panel secured with screws. 


h. Provide piped utilities, power, and data services at each unit as shown on the 


drawings.  


1). All utility services (plumbing, power, phone and data) shall terminate at 


one end of the the top of the vertical framework. 


2). Piped services shall comply with the requirements of Division 22.  


a). Vertical framework shall be dimensionally able to accommodate up 


to three piped gas services. 


b). Provide service fixtures as scheduled and as specified in section 


115343, complete with all gaskets, grommets, and sleeves. 


c). Provide gas service fixture mounting penetrations thru frame only 


for those services shown at each workstation. 


d). Unless noted otherwise, internal plumbing lines shall be 3/8 inch OD 


copper tubing terminating at a quick disconnect attached to the tube 


with compression fittings at the top of the upright. Refer to section 


115343 for quick disconnect valve specifications. 
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e). All vacuum internal piping shall be ½ inch OD copper tubing. 


f). Provide whip or patch cord for each utility. Refer to the drawings and 


specification section 115343. 


3). Electrical power devices shall comply with the requirements of Division 


26. 


a). The units shall be UL61010A-1 tested and labeled. 


b). The units shall be UL962A tested and labeled. 


c). Power services shall have a restrained cord and plug extending 4 feet 


above the top of the upright.  Plug end to be twist lock, with a 


minimum of one circuit per bench. 


4). Data devices and wiring shall comply with the requirements of Division 


27. 


a). Internal data wiring shall extend 4 foot above the upright and 


terminate with a male connector.   


b). Provide a female plug mounted into the top of the workstation. 


Provide a 4 foot-long patch cord. 


5. Worksurface Table Frames: Table framework units that attach to the vertical 


framework units to support work surfaces. 


a. Worksurface table frames shall be fabricated as one fully-welded assembly 


and painted as one piece. 


b. Legs: 2 inch outside diameter 11 gauge cold rolled steel with 1 ¾ inch diameter 


inner telescoping #304 stainless-steel or cold rolled steel leg to allow for 


height adjustment. 


1). Height adjustment of inner leg shall be accomplished with a hole and pin 


system. 


2). Square telescoping legs of same dimensions and guage are also 


acceptable.  


c. Worksurface frame shall be 11 gauge formed steel.  Rear corners shall have 2 


¼ inch diameter x 6 inch high 11 gauge collar. The front half of the collar shall 


be welded to the worksurface frame with supporting gussets and the back half 


mechanically fastened to the rear uprights with socket head button cap and 


bolt. 
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6. Matching Stand-Alone Table Frames: Stand-alone table frames designed to match 


the profile and style of the movable metal casework system. 


a. Stand-alone table frames shall be fabricated as one fully-welded assembly and 


painted as one piece. 


b. Leg design and frame design shall match that of the worksurface table frames. 


7. Levelers: Provide levelers at the bottom of each frame member.  


a. Levelers to be 3/8 inch diameter, 2 ½ inch long.  


b. Provide two levelers per shared vertical framework upright. 


c. Provide one leveler per workstation framework table frame leg. 


d. Provide one leveler per single vertical framework upright. 


e. Provide one leveler per movable table frame leg. 


8. Load rating: 


a. 100 lbs per linear foot of width to maximum of 800 lbs.  


b. With 800 lbs of uniformly distributed load the maximum allowable deflection 


shall be 0.125 inch measured at the front center rail. 


9. Work Surfaces: 


a. As specified elsewhere in this section. 


10. Adjustable Shelving 


a. High-Pressure Decorative Plastic Laminate Shelving as specified elsewhere in 


this section. 


b. Shelf depth: 12”, unless otherwise indicated. 


c. Shelf Brackets: 11 gauge (1.6 mm thick) bookend type, as detailed on 


drawings. 


d. Safety edging: 


1). Retainer rail.  


e. Load capacity: System shall support a minimum of 35 pounds per square foot 


applied at all shelves simultaneously. Maximum deflection shall be 0.35 inches 


(9mm) under load. 


11. Privacy Panels:  
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a. Tackable acoustically-absorptive ¾ inch thick wood fiber panel wrapped in 


fully-adhered flame-retardant fabric with metal channel perimeter frame.  


b. Wood fiber panel to be factory treated for protection against rot, fungus, and 


moisture absoption. Density: 30 to 40 pounds per cubic foot.  


c. Fabric to be tackable and self-healing. Color to be selected by the Architect. 


d. Fire rating: Class C. 


e. Frame panel in 14 gauge channel-shaped steel frame, ½ inch tall. 


 


B. Heavy Duty – (MWS--B) 


1. Manufacturers: All products specified in this section shall be the furnished by a 


single manufacturer. 


a. Bedcolab Ltd, 2305 Francis Hughes Avenue, Laval, Quebec, Canada H7S 1H5 


Tel 514 384-2820.  


b. CiF Lab Solutions, 53 Courtland Avenue, Vaughan, Ontario, Canada L4K 3T2 


Tel: 905 738-5821.  


c. Kewaunee Scientific Corporation, P O Box 1842, Statesville, NC 28687 Tel: 704 


873-7202.  


d. Mott Manufacturing Ltd., 452 Hardy Road, P. O. Box 1120, Brantford, ON, 


Canada N3T 5T3 Tel: 519 752-7825. 


e. Approved substitution. 


2. Components 


a. General requirements: 


b. Vertical structural support: 11-gauge cold rolled vertical shall integrate five 


cable management grommets, in each vertical, for ease running cabling.  


Capable of vertical adjustment between 82”-88”A.F.F. in two-inch increments. 


c. Equipment rack base: 7-gauge cold rolled horizontal base shall incorporate 


four bi-directional casters and four levelers that enables the end-user to 


extended the leveler support foot to prevent any movement from equipment 


or personnel.       
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d. Table/shelf support frame: 11-gauge cold rolled steel tubing.  Cabinet support 


channels: 14 gauge cold rolled steel.  Weld members using the inert gas 


process. 


e. Support arms: 


f. Cantilever support arms: 11 gauge cold rolled steel. 


g. Lower shelf support: 11 gauge rolled steel. 


h. Cable Management Grommets:  Flame resistant ABS plastic, color is black.  


i. Finish:  Chemical resistant powder paint color to be Fisher Hamilton 1388, SA 


Sand or equal. 


3. Cantilever Table/Shelf Frame: 


a. Capable of vertical adjustment between 30”-38”A.F.F. in one-inch increments. 


b. Support arm bracket:  Support frame of 11 gauge cold rolled steel that 


incorporates four mechanically fastened machine bolts that interlock into a 


machine trended welded lock nut. 


c. Weight capacity: Total equipment rack plus 2600 pounds. Work surface plus 


925 pounds. Shelf unit plus 550 pounds. 


4. Support Structures  


a. General requirements for mobile workstation: 


b. Riser uprights:  11 gauge rolled steel supplied with two parallel rows of 


machine treaded welded nuts that accept bolts that positively engage the 


table and shelf frames.  


c. Frames:  Rolled steel, resistance welded. Frame members and tie rail brackets: 


11 gauge; corner gussets: 11 gauge.   


d. Bottom shelf rails:  11 gauge cold rolled steel. 


e. Base cover:  18 gauge cold rolled steel. 


f. Slotted adjustment machined into riser upright: punched for one-inch 


adjustment of components supported off riser upright. 


g. Stainless steel retaining rods at the back and side of work  surfaces for loading 


safety and visual and physical load barriers. Upper shelves to accommodate 


retaining on both sides, back and front edges,  


5. Finishes 
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a. Metal Finish: 


1). Preparation: Spray clean metal with a heated cleaner/phosphate 


solution, pretreat with iron phosphate spray, water rinse, and neutral 


final seal.  Immediately dry in heated ovens, gradually cooled, prior to 


application of finish. 


2). Application:  Electrostatically apply urethane powder coat of selected 


color and bake in controlled high temperature oven to assure a 


smooth, hard satin finish.  Surfaces shall have a chemical resistant, 


high grade laboratory furniture quality finish of the following 


thickness: Liquid dripped, solvent based finishes are not acceptable. 


a). Exterior and interior exposed surfaces:  1.5 mil average and 1.2 


mil min. 


b. Surface Finish Tests: 


c. All casework construction and performance characteristics shall be in full 


compliance with SEFA 8 – 1998 standards. 


6. Hardware: As specified elsewhere in this Section. 


7. Bench top Material:   


a. Epoxy Resin: as specified elsewhere under Laboratory Work Surfaces 


b. Wood: as specified elsewhere under Laboratory Work Surfaces  


8. Adjustable Shelving Material:   


a. Chemical Resistant High Pressure Decorative Plastic Laminate Shelving – At 


mobile workstations with Epoxy Resin Bench tops  Refer to Shelving 


Assemblies specifications section.  


b. Wood – At mobile workstations with wood Bench tops.  Refer to Shelving 


Assemblies specifications section. 


2.5 ELECTRONICS BENCH 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. Edsal Manufacturing Company, Inc., 4400 South Packers Avenue, Chicago, IL 60609 


Tel: 773 254-0600.  
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2. Production Basics, Inc., 31 Dunham Road, Billerica, MA 01821 Tel: 617 926-8100. 


3. Tennsco, P.O. Box 1888, Dickson, TN 37056-1888 Tel: 800 251-8184.  


4. Approved substitution. 


B. Electronics Bench: Provide heavy duty, steel frame bench as detailed on the Laboratory 


Furnishing drawings. Basis of design models: 


1. Edsal Manufacturing Electronic Tech Bench. 


2. Production Basics RTW Table. 


3. Tennsco Technical Workstation. 


C. Characteristics: 


1. Dimensions: As indicated on the Laboratory Furnishing drawings. 


2. Materials: Table structure constructed of minimum 16 gauge steel.  


a. Finish: Electrostatically applied epoxy powder coating.   


b. Color: As selected by the Architect. 


3. Work Surface: 1-1/4 inch-thick, electro-static-dissipative (ESD) plastic laminate on 


industrial-grade particleboard core. 


4. Upper Shelf: 1-1/4 inch-thick, electro-static-dissipative (ESD) plastic laminate on 


industrial-grade particleboard core, supported by risers units at each side, or legs at 


each corner. 


5. Load Capacity of Worksurface and Shelf: 40 pounds per square foot. 


6. Electrical:  


a. Provide a minimum of (6) 120 V duplex outlets below the shelf and not 


obstructing the work surface. Outlets can be on the riser units, or within an 


integrated raceway directly below the upper shelf. 


b. Provide master on/off switch. 


c. Provide a 96 inch long minimum power cord with NEMA 5-20 plug. 


d. Provide ground wire for each ESD surface. 
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D. Accessories: 


1. Drawer unit with one 12-inch-deep drawer, one 6-inch-deep drawer, and one pull-


out writing shelf. 


2. Casters on each leg. 


3. Magnification lamp on articulating arm. 


4. Retractable keyboard tray located below the worksurface. 


5. Articulating flat-screen monitor arm. 


6. CPU Holder 


2.6 WALL HUNG BENCHTOP 


A. Framing Channel, Fittings, and End Caps: Stainless steel slotted channel framing as 


specified elsewhere on this Section and as indicated on the drawings. 


B. Benchtop material shall be as indicated on the drawings and as specified elsewhere in this 


Section. 


C. Unit shall be designed to support 200 pounds per square foot (10 kPa), completely wall 


supported with no legs or support members extending to the floor. Coordinate with wall 


or partition framing for blocking. 


2.7 SHELVING ASSEMBLIES 


A. High-Pressure Decorative (Plastic) Laminate Shelving: 


1. Manufacturers/Facing material: Products complying with this specification may be 


provided by the following manufacturers.  


a. Nevamar Decorative Surfaces, One Nevamar Place, Hampton, SC 29924 Tel: 


800 638-4380. 


b. Pionite Decorative Surfaces, One Pionite Road, P.O. Box 1014, Aubern, ME 


04211 Tel: 800 746-6483. 


c. Wilsonart International, 2400 Wilson Place, P. O. Box 6110, Temple, TX 


76503 Tel: 800 433-3222. 


d. Approved substitution (no known equal). 
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2. Approved Products:  


a. Nevamar ChemArmor. 


b. Pionite ChemGuard. 


c. Wilsonart ChemSurf 


3. Color: To be selected by Architect. 


4. Description: 


a. High-pressure decorative laminate, meeting or exceeding NEMA Standard 


LD3 2005 Grade HGP, HGL, or HGS requirements, consisting of a resin 


formulation applied over the decorative surface paper to achieve chemical 


resistance. The decorative paper shall be treated with melamine resin, and 


the core shall consist of kraft papers impregnated with phenolic resin. Sheets 


shall be bonded under high temperature and pressure. Product shall be 


developed for casework, work surface, and shelving surfaces in laboratories. 


b. Laminate shall be applied to top and bottom surfaces. 


c. Finish: Fine pebble-grained “crystal” texture or matte texture with slight 


sheen to minimize smudges and finger marks, and to provide optimum 


scratch resistance.  


1). Gloss: 15-16 +/- 3 gloss units. 


d. Physical Properties: 


1). Reference Standard: Plastic laminates shall meet or exceed 


ANSI/NEMA Specification LD3-2005 as specified herein. 


2). Minimum Thickness: 0.038 inches ± 0.005 inches (0.97 mm ± 0.13 


mm). 


3). Cleanability: 10 cycles (NEMA LD3 test method 3.4). 


4). Boiling Water Resistance: No effect (NEMA LD3 test method 3.5). 


5). High Temperature Resistance: Slight effect (NEMA LD3 test method 


3.6). 


6). Scratch Resistance: 4.5 Newtons (NEMA LD3 test method 3.7). 
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7). Ball Impact Resistance: 60 inches (1524 mm) (NEMA LD3 test method 


3.8). 


8). Radiant Heat Resistance: 200 sec (NEMA LD3 test method 3.10). 


9). Dimensional change: 


10). Machine direction: 0.50% (NEMA LD3 test method 3.11). 


11). Cross direction: 0.80% (NEMA LD3 test method 3.11). 


12). Wear resistance: 1,500 cycles, min. (black); 700 cycles, min. (other 


colors) (NEMA LD3 test method 3.13). 


13). Blister Resistance: 70 sec (NEMA LD3 test method 3.15). 


14). Stain Resistance Performance Test Results: The surface shall show 


essentially no effect on Black (Lab grade) plastic laminate when left in 


contact for 16 hours either when reagents were kept covered or 


allowed to evaporate. 


0 No effect No detectable change in the material 


surface. 


1 Excellent Slight detectable change in color or gloss 


but no change in function or life of the 


surface. 


2 Good A clearly discernable change in color or 


gloss but no significant impairment of 


surface life or function. 


3 Fair Objectionable change in appearance due to 


discoloration or etch, possibly resulting in 


deterioration of function over an extended 


period of time. 


4 Failure Pitting, cratering, or erosion of the surface. 


Obvious and significant deterioration. 
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Acids 
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Acetic acid  All 0 


Aqua regia  0 


Chromic trioxide (Chromic acid cleaning 


solution) 


 1 


Glacial acetic acid 99% 0 


Hydrochloric acid  All 0 


Hydrofluoric acid 48% 0 


Formic acid  All 0 


Nitric acid  All 3 


Sulfuric acid  All 0 


Perchloric acid (concentrated)  0 


Phosphoric acid  All 0 


Picric acid  1.2% 0 


Tannic acid (saturated)  0 


Uric acid (saturated)  0 


 


Alkalis   


Ammonium hydroxide  All 0 


Sodium hydroxide  All 3 


Sodium sulfide  15% 0 
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Solvents   


Acetone  0 


Amyl acetate  0 


Amyl alcohol  0 


Butyl alcohol  0 


Carbon disulfide  0 


Carbon tetrachloride  0 


Chlorobenzene  0 


Chloroform  0 


Cresol  0 


Dimethylformamide  0 


Dioxane  0 


EDTA  0 


Ethyl acetate  0 


Ethyl alcohol  0 


Formaldehyde  0 


Methanol  0 


Methyl ethyl ketone  0 


Methylene chloride  0 


n-Hexane  0 


Naphthalene  0 


Phenol  0 


Tetrahydrofuran  0 


Toluene  0 
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Solvents   


Trichlorethane  0 


Xylene  0 


 


General Reagents   


Alconox (lab detergent)  0 


Aluminon  0 


Ammonium phosphate  0 


Aromatic ammonia  0 


Benedicts solution  0 


Calcium hypochlorite (concentrated)  0 


Camphorated parachlorophenol  1 


Cellosolve  0 


Copper sulfate  0 


Ethylene glycol  0 


Eucalyptol  0 


Formalin  0 


Gasoline  0 


Hydrogen peroxide  3% 0 


Iodine  0 


Karl Fisher Reagent  0 


Kerosene  0 


Lactated ringers  0 
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General Reagents   


Lysol  0 


Methyl methacrylate  0 


Mineral Oil  0 


Monsel’s solution (Ferric subsulfate)  0 


Naphtha  0 


Petroleum jelly  0 


Phosphate buffered saline (PBS)  0 


Pine oil  0 


Potassium permanganate  0 


Povidone iodine  0 


Procaine  0 


Quaternary ammonia compounds  0 


Silver nitrate  0 


Sodium azide  0 


Sodium chromate  0 


Sodium hypochlorite  5% 0 


Sodium thiocyanate  0 


Sucrose  50% 0 


Thymol & Alcohol  0 


Tincture of Iodine  0 


Tincture of Mercurochrome  0 


Tincture of Merthiolate  0 


Trisodium phosphate  30% 0 
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General Reagents   


Urea  0 


Vegetable oils  0 


Water  0 


Zephiran chloride  0 


Zinc chloride  0 


Zinc oxide ointment  0 


 


Stains and Indicators   


Ag Eosin Bluish 5% in Alcohol  0 


Bromothymol Blue  0 


Cresol Red  0 


Crystal Violet  0 


Gentian Violet 1% 0 


Gram Stains  0 


Malachite Green  0 


Methyl Orange  0 


Methyl Red  0 


Methylene Blue  0 


Nigrosine  0 


Safranin O  0 


Sudan III  0 


Thymol Blue  0 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 66 RFD 


Stains and Indicators   


Wright’s Blood Stain  0 


5. Plastic laminate adhesive: High-pressure decorative laminate shall be bonded to 


core with thermosetting resorcinol or phenol-resorcinol adhesive, or as 


recommended by the manufacturer for the application, at temperature above 65°F 


(18.3°C) at a pressure no less than 15 pounds per square  inch. Laminate core is not 


to exceed 10% moisture content and is to be laminated and cured in a controlled 


environment between 45% and 60% RH. 


6. Core material: Hardwood Veneer Plywood. 


a. Description: A one step calibrated core +/- .5mm (to avoid voids) with type 1 


waterproof nauf glue. Grade 2 face, and back of mill choice plywood veneer. 


b. Thickness/Plies: 


1). 1 inch (25 mm): minimum 9-ply. 


c. Physical Properties: 


1). Average modulus of rupture: 7346 psi (50.65 N/mm2). 


2). Face Screw Holding Strength: 355 lbf (1579 N). 


7. Edging: 


a. Unless otherwise indicated, all edges shall be edgebanded with 3 mm PVC 


edge banding set in hot melt adhesive. Adhesive shall have a minimum 


softening point of 150°F (65.6°C). Apply primer to substrate when 


recommended by adhesive manufacturer. Contact cement is not acceptable. 


Color of edgebanding to be selected by the Architect. 


b. Safety Edges: 


1). Types: 


a). Retainer Rail: ¼ inch (6 mm) diameter stainless steel retainer 


rail, as indicated on the drawings. 


2). Refer to the description of each system below for locations of each 


type. 


B. Reagent Shelves on a punched steel tube support system. 
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1. Shelving: High-Pressure Decorative Laminate shelving as specified above. 


2. Steel Frame Support System: Provide cold rolled steel tube vertical and horizontal 


support members with radiused edges. All members shall be welded together. 


Grind all welds smooth and polish to produce clean smooth appearance with no 


visual evidence of welds after paint is applied. All vertical members shall be one 


piece continuous from floor to underside of structure above or to top horizontal 


member as indicated on the drawings. Horizontal top and intermediate members 


shall be one piece between vertical members. Provide welded caps at all open ends 


of tube sections. Secure vertical members to floor slab, underside of benchtop, if 


indicated on the drawings, and to underside of structure above. 


a. Tube steel dimensions can be either of the following: 


1). 2 inches x 2 inches, 12 gauge (50 x 50 x 2.8 mm). 


2). 2 inches x 3 inches, 12 gauge (50 x 75 x 2.8 mm). 


3. Shelf standards:  


a. Steel tubes shall be punched to receive adjustable shelf brackets. Pattern 


shall match Knape & Vogt 85 ANO series uprights, length in accordance with 


drawings. 


4. Shelf Brackets: 16 gauge (1.6 mm thick) bookend type, as detailed on drawings. 


5. Safety edging: 


1). Retainer rail. 


b. Rear edge: 


1). Retainer rail.  


6. Load capacity: System shall support a minimum of 35 pounds per square foot 


applied at all shelves simultaneously. Maximum deflection shall be 0.35 inches 


(9mm) under load. 


7. Finish: Factory-finish steel tube support system, shelf standards, and brackets with 


epoxy powder coating. Color to be selected by the Architect. 


C. Adjustable Wall Shelves:  


1. Shelving: High-Pressure Decorative Laminate shelving as specified above. 
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2. Double Slot Shelf Standards: 


a. Manufacturers: Products complying with this specification may be provided 


by the following manufacturers. All products specified in this section shall be 


the provided by a single manufacturer. 


1). Knape & Vogt Manufacturing Company, 2700 Oak Industrial Drive NE, 


Grand Rapids, MI 49505 Tel: 616 459-3311. 


2). Approved substitution. 


b. Basis of Design: Knape & Vogt 85 ANO series uprights, or equal. Length as 


indicated on the drawings. 


3. Shelf Brackets: 16 gauge (1.6 mm) bookend type, as detailed on drawings. 


4. Safety edging: 


a. Retainer rail. 


5. Load capacity: System shall support a minimum of 35 pounds per square foot 


applied at all shelves simultaneously. Maximum deflection shall be 0.35 inches 


(9mm) under load. 


6. Finish: Factory finish standards and brackets with epoxy powder coating. Color to 


be selected by the Architect. 


D. Heavy Duty Wall Shelves: 


1. Shelving: High-Pressure Decorative Laminate shelving as specified above. All 


shelves to be one piece continuous full length of assembly. 


2. Heavy duty shelf standards: Slotted channel framing type. Refer to slotted channel 


framing specifications elsewhere in this Section. 


3. Heavy duty shelf brackets:  


a. Shelf Brackets: Cold-formed steel, slotted channel framing type. Refer to 


slotted channel framing specifications elsewhere in this Section.  


4. Other components, hardware, and fasteners, as required for a complete assembly 


and as indicated on the drawings. 


5. Safety edging:   
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a. Extended height PVC band. 


6. Load capacity: System shall support a minimum of 50 pounds per square foot 


applied at all shelves simultaneously. Maximum deflection shall be 0.35 inches 


(9mm) under load. 


E. Stainless Steel Shelving System 


1. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided 


by a single manufacturer. 


a. InterMetro Industries Corporation, 651 North Washington St., Wilkes-Barre, 


PA 18705 Tel: 800 992-1776. Manufacturer of Metro product range. 


b. Eagle Group, 100 Industrial Blvd., Clayton, DE 19938 Tel: 302 653-3000.  


c. Nexel Industries Inc., March Equipment Inc., US Highway 206, Box 18, 


Flanders, NJ 07836 Tel: 973 584-4269. 


d. Approved substitution. 


2. Floor Mounted Stainless Steel Shelving Systems 


a. Basis of Design: Metro Super-Erecta stainless steel shelf system, floor 


mounted post supported, or equivalent. 


b. Posts: floor mounted stainless steel posts, grooved at 1 inch (25 mm) 


increments and numbered at 2 inch (50 mm) increments for shelf 


adjustment, length as shown on drawings, Metro PS series or equal. 


c. Shelves:  


1). Open Wire: stainless steel wire. 


2). Solid: 18 gauge, Type 304 flat stainless steel sheet with 1/8 inch raised 


edge and aluminum corner castings for post attachment. 


d. Provide diagonal bracing for lateral stability at freestanding applications. 


e. Accessories:  


1). Foot Plate: stainless steel with adjustable leveling bolt, Metro No. 


9993S or equal. 
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2). Post Clamps: Zinc-plated, to join adjacent posts, Metro No. 9994Z or 


equal. 


3). Shelf Ledges:  


a). 1 inch (25 mm) high stainless steel wire, Metro No. LxxN-1S or 


equal, sized to match shelf. 


F. Open Industrial Metal Shelf Units: 


1. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided 


by a single manufacturer. 


a. Lyon Metal Products, P. O. Box 671, Aurora, IL 60507 Tel: 800 323-0096. 


b. Penco Products, Inc., P. O. Box 378, 99 Brower Ave., Oaks, PA 19456 Tel: 800 


562-1000. 


c. Hallowell, Division of List Industries Inc., 5711 Distribution Dr., Memphis, TN 


38141  Tel: 901 375-0022. 


d. Approved substitution. 


2. Type: Premium grade 16 gauge (1.0 mm thick) steel shelf units comprised of 5 


shelves adjustable on 1 ½ inch (38 mm), maximum, increments, and 85 inches 


(2159 mm) high 14 gauge (2.0 mm thick) angle post supports. Size in accordance 


with Laboratory Furnishings plans.  


3. Provide side and rear cross bracing for lateral stability at freestanding applications. 


2.8 CYLINDER RACKS AND RESTRAINT ASSEMBLIES 


A. Cylinder Rack Assembly: 


1. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided 


by a single manufacturer. 


a. Kumar Industries, 4775 Chino Avenue, Chino, CA 91710 Tel: 909 591-0722. 


a. Matheson Tri·Gas, 166 Keystone Drive, Montgomeryville, PA 18936 Tel: 215 


648-4000. 
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b. Safe-T-Rack Systems, Inc., 4325 Domingeuz Rd., Suite A, Rocklin, CA 95677 


Tel: 800 344-0619. 


a. Scott Specialty Gases, Inc., 6141 Easton Road Box 310, Plumsteadville, PA 


18949 Tel: 215 766-8861. 


b. Spectra Gases, Inc., 3434 Route 22 West, Branchburg, NJ 08876 Tel: 800 932-


0624. 


c. Approved substitution. 


2. Frame members: As shown on Laboratory Furnishings drawings. 


3. Construction: Refer to the Laboratory Furnishings drawings for details. 


Construction to be fully welded. Weld cover plates to close exposed tube ends. 


Grind and polish all welds to produce smooth surface with no visible evidence of 


welding when painted. Sizing: 


a. Size typical units to accomodate standard-size laboratory gas cylinders. 


b. Where shown on drawings, size units to accomodate liquefied gas dewars. 


4. Chain: Provide restrainers of 5/16 inch diameter, Type 304 stainless steel welded 


chain fitted with stainless steel snap shackle with swivel clevis and split ring for 


each bracket; McMaster-Carr Supply Company, Suncor Marine & Industrial, Inc., or  


approved substitution. 


5. Cylinder rack steel components shall be factory-finished to match the casework 


metal color as selected for the project. 


B. Cylinder Restraint Assembly: 


1. Framing channel, Fittings, Swivel Hangers, and End Caps: Slotted channel framing 


as specified elsewhere on this Section.  


2. Provide two swivel hangers per cylinder or dewar per wall bracket 


3. Sizing: 


a. Size typical units to accomodate standard-size laboratory gas cylinders. 


b. Where shown on drawings, size units to accomodate liquefied gas dewars. 


4. Chain: Provide restrainers of 5/16 inch diameter, Type 304 stainless steel welded 


chain fitted with stainless steel snap shackle with swivel clevis and split ring for 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 72 RFD 


each bracket; McMaster-Carr Supply Company, Suncor Marine & Industrial, Inc., or  


approved substitution. 


5. Cylinder restraint steel components shall be factory-finished to match the casework 


metal color as selected for the project. 


2.9 OVERHEAD SERVICE CARRIER CABLE TRAY SYSTEM 


A. Manufacturers: All products specified in this section shall be the furnished by a single 


manufacturer. 


1. Chalfant Cable Trays, 11525 Madison Avenue, Cleveland, OH 44102 


Tel: 216 521-7922. 


2. Or equal  


B. Material shall be extruded Anodized Aluminum Alloy Type 6063-T6, NEMA VE-1 Class 12B 


C. Furnish a series 6 Cable Tray system, complete with straight and curved sections, fittings, 


connectors, hardware and miscellaneous devices required for a complete installation. 


D. Cable Tray shall be suspended from Overhead Service Carrier specified above and located 


in laboratories as shown on the Laboratory Furnishings Drawings. 


E. Construction shall be Trough Type stainless steel Type 304. Maximum spacing between 


transverse members shall be 3 inches (76.5 mm) measured parallel to side members. 


Cable bearing members shall be a minimum of 1 inch (25 mm) and shall be welded to side 


rail to insure integrity of the ground fault path. 


F. Cable Tray shall be 12 inches (305 mm) wide except as otherwise noted. Side rails shall be 


4 inches (102 mm) high. Curved section radius shall be 12 inches (305 mm). 


G. Connectors: High pressure, rigid type connectors attached by ribbed neck hardened steel 


screws and locking type nut which does not require a washer. Hardware shall be cadmium 


plated. Ribbed neck portion of screw shall prevent screw from rotating during tightening 


of nut. 


H. Grounding Continuity: Cable tray systems and all components shall be furnished and 


installed per their listings and per manufacturer’s instructions so that the completed 


system is electrically continuous and furnishes an approved equipment grounding path in 


accordance with NEC Article 392.  Where cable tray components are not mechanically and 


electrically continuous, the system shall be furnished with approved bonding jumpers and 
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connections in accordance with NEC Article # 392 and Article # 250.96.  Where bonding 


jumpers are utilized they shall be a minimum of #2 AWG copper with suitable, listed 


fittings.  All system testing shall be in accordance with NEMA requirements. 


I. Install all cable tray and support systems components in accordance with NEMA VE-1, 


applicable code requirements and with manufacturer's written instructions. 


J. Vertically support as detailed on LF drawings. 


K. Listings: 


1. National Electrical Code, currently enforced edition, including all State and local 


amendments applicable to this project. 


2. ASTM A123 and ASTM A525. 


3. NEMA VE-1: Metallic Cable Tray Systems. 


4. Underwriters Laboratories: All tray systems shall be UL listed as an assembly. 


L. Refer to Laboratory Furnishings Drawings for locations and details. 


2.10 CEILING UTILITY TILES 


A. Ceiling utility tilesproviding a means to mount and connect electrical outlets, data outlets 


and quick connect service fixtures. 


B. Provide services at each panel as shown on the drawings. 


C. Cut-outs for utilities shall be made in the factory using laser-cutting or other method to 


produce accurate and clean edges. 


D. Provide tiles with electrical and data junction boxes factory attached.  


E. Electrical outlets, data outlets, and cover plates shall be by Divisions 26 and 27.  


F. Piped service quick-connect fittings shall be as specified in section 115343. 


G. Material: 


1. Utility panel shall be minimum 16-gauge cold rolled steel with finish as specified for 


metal fabrications.  


a. Color: To be selected by architect from manufacturer’s full color line. 


H. Nominal Dimensions: 
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1. Size: 24 inches x 24 inches. Exact size of tile shall be coordinated with architectural 


reflected ceiling plan and the ceiling grid system profile as specified in Division 09 


and as submitted. 


2. Height (including junction boxes): 3 inches. 


I. Hold-Down Clips: Coordinate with Division 09 contractor to provide a minimum of six 


hold-down clips at each utility ceiling tile. 


J. Provide service identification as shown on drawings. 


1. Engrave identification into stainless-steel panel and fill with black paint. 


2. Service identification to be silk-screened onto painted metal panel. Stick-on labels 


are not compliant with this requirement. 


2.11 WALL-MOUNTED ATTACHMENT CHANNEL 


A. Product Characteristics: Wall-mounted framing channel, designed to support 200 lb point 


(0.89 kN) load at any position and 50 lb/lf (0.73 kN/m) uniformly distributed load. All 


brackets, channels, etc. shall be provided for a complete installation. 


B. Materials: Slotted channel framing as specified elsewhere on this Section. 


C. Fabrication: Fabricate and assemble components as detailed on the drawings. 


D. Coordination: Carefully coordinate location of supports with the work of other Sections. 


2.12 PIPE DROP ENCLOSURE 


A. Fabricate pipe drop enclosures from minimum 18 gauge (1.3 mm thick) galvanized steel, 


per details shown on the Laboratory Furnishing drawings, except as noted.  


1. Pipe drop enclosures at the following locations shall be fabricated of 18 gauge, 


Type 304 stainless steel with a #4 finish: 


a. At scullery sinks. 


b. At stainless steel counters. 


B. Seal all joints between dissimilar metals and at all panel seams with clear silicone sealant. 


C. Materials and finish shall be as specified under Metals Fabrications in this Section. 
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2.13 DRYING RACK 


A. Epoxy Drying Rack: 


1. Comply with requirements for molded epoxy resin specified under Laboratory Tops 


in this Section and as described herein. 


2. Drying rack bodies shall be of one inch (25 mm) thick black epoxy with a 3/16 inch 


to ¼ inch (5 to 6 mm) radius on all edges and corners. Each rack shall be of the size 


and with the peg arrangement shown on the Laboratory Furnishing drawings. 


3. Pegs shall be of injection molded white polypropylene. Pegs shall not be bonded 


into the body, but shall be held in position by mechanical design. 


4. Provide a drip trough of Type 304 stainless steel with a 16 gauge (1.6 mm thick), 


Type 304 stainless steel screen of 14 x 14 (1.8 x 1.8 mm) mesh, .02 (0.05 mm) wire. 


5. Provide stainless steel fixing screws of appropriate type for attachment to support 


structure. 


6. Provide clear, tight-fitting hose to drain from drip tray into sink. 


B. Stainless Steel Drying Rack with White Polypropylene Pegs: 


1. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided 


by a single manufacturer. 


a. Inter Dyne Systems, Inc., 676 Ellis Road, Norton Shores, MI 49441 Tel: 231 


799-8760. 


b. Approved substitution (no known equal).  


2. Basis of Design: Inter Dyne Systems “V” Victoria Series, modified as indicated on 


the drawings. 


a. Drying rack bodies shall be of one-piece design and of not less than 20 gauge 


(1.0 mm thick) Type 304 stainless steel with a No. 4 finish. The top shall have 


two 90-degree bends, and sides to have one 90 degree bend. 


b. Each rack shall have an integral full-width 20 gauge (1.0 mm thick), Type 304 


stainless steel drip trough with stainless steel drain tube. Drip trough shall be 


continuously welded. 
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c. The trough shall have a full-length, Type 304 stainless steel wire mesh screen 


insert. Screen insert shall be turned down on all four sides to provide a clean 


and finished appearance. 


d. Each rack front shall be dimensioned and punched with T-shaped holes to 


accommodate the peg arrangement shown on the drawings. 


3. Pegs shall fit into the punched holes in the rack front. A T-shaped protrusion on the 


base of the pegs shall allow easy removal and replacement without the need for 


tools. The T-shaped holes shall be designed to fit the protrusion on support pegs 


for holding single or multiple utensil drip trays, drain shelves, funnel racks or 


pipette holders. Pegs shall be of injection-molded white polypropylene. 


4. Provide wall hangers for each rack, designed to enable the removal and 


replacement of the entire rack for cleaning without the need for tools. 


5. Provide stainless steel fixing screws of appropriate type for attachment to support 


structure. 


6. Provide clear, tight-fitting hose to drain from drip trough drain tube into sink. 


7. Provide finished stainless steel back panel when any portion of the back of drying 


rack is exposed. 


2.14 CABLE / VACUUM LINE THROUGH PORT 


A. Provide 3 inch (75 mm) diameter wire or cable access through ports of Type 304 stainless 


steel with No. 4 finish at bench tops as located and detailed on the Laboratory Furnishings 


drawings. 


2.15 GROMMETS AND ACCESSORIES 


A. Round Grommets: 


1. Size: 2-3/8 inch (60 mm) O.D.  


2. Material: Plastic  


3. Accessories: Removable slotted plastic cover 


4. Color: To be selected by Architect.  


5. Basis of Design Model: Doug Mockett & Co., Inc. Model No. TG-3.  


6. Refer to plans for location. 
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7. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers.  


a. Doug Mockett & Company, Inc., Box 3333, Manhattan Beach, CA 90266 Tel: 


800 523-1269. 


b. Häfele America Inc., 3901 Cheyenne Dr., P. O. Box 4000, Archdale, NC 27263 


Tel: 336 889-2322. 


c. Approved equal. 


B. Utility Management Hook 


1. Type 303 stainless steel hook with polished finish. 


2. Size: 4 23/32 inch tall, 2 43/64 inch wide. 


3. Load capacity: 22 pounds. 


4. Basis of Design Model: McMaster-Carr Model No. 19075A12. 


5. Manufacturer: McMaster Carr, P.O. Box 54960, Los Angeles, CA 90054-0960 Tel: 


(562) 692-5911, or approved equal. 


C. Grilles 


1. Air intake grilles: Perforated metal mesh in a metal frame.  


2. Sizes: As shown on drawings.  


3. Mesh Pattern: Mesh 1. 


4. Color: Factory-applied light grey paint. 


5. Basis of Design Model: Doug Mockett & Co., Inc. GT Series Grilles. 


6. Manufacturer: Doug Mockett & Co., Inc. P.O. Box 3333, Manhattan Beach, CA 


90266 Tel 800 523-1269 or approved equal. 


2.16 TASK LIGHT FIXTURES 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. Alkco, 11500 Melrose Ave., Franklin Park, IL 60131-8139 Tel: 847 451-0700 
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2. Peerless Lighting Corporation, Box 2556, Berkeley, CA 94702-0556 Tel: 510 845-


2760. 


3. Approved substitution. 


B. Basis for Design: Alkco SFHP-139/BW/RSW/CS-3W/CO-W, or equal, as specified herein. 


C. Description: Fluorescent fixture for undershelf mounting. Provide task lights at locations 


indicated on the drawings. 


D. Construction: 


1. Dimensions: Fixture shall nominally cover the entire underside of the length of 


shelf. 


2. Housing: 20 gauge cold rolled steel with neatly formed corners and de-burred 


exposed edges. No exposed fasteners. 


3. Finish: Baked-on polyester resin powder coat finish in color selected by the 


Architect. 


4. Diffuser/Lens: Prismatic acrylic lens specifically designed to reduce glare in front of 


fixture. 


5. Electrical: Pre-wired with a single circuit. Fixture shall be controlled by fixture-


mounted rocker switch. Fixture shall be furnished with 36 inch (900 mm), 


maximum, grounded cord and NEMA 5-15P or 5-20P plug. Fixture shall be provided 


with white, ground convenience receptacle to enable task lights to be “daisy 


chained.” 


6. Ballast: Electronic, high power factor, thermally protected, Class P. 


7. Lamps: 25W, T-5 lamps, 3500K. 


8. Labels: Fixture shall be U.L. listed and bear an IBEW label. 


2.17 AIR CONTROL CURTAIN 


A. Provide clear vinyl strip door distributed by McMaster Carr Supply Co., Los Angeles, 


California, or equal, complete with all hangers and miscellaneous hardware for complete 


installation to perform intended function. 
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B. Self sealing heavy duty clear vinyl strips 16 in. wide, .160 in. thick with nylon cord 


reinforcing and beveled edges for safety.  Maintain 4 in. clear opening between bottom of 


strip door and floor. 


C. USDA approved. 


2.18 FINISH FOR MISCELLANEOUS WOOD ITEMS 


A. Applicability: This section applies to wood fabrications, including, but not limited to, wood 


laboratory tables, wood-framed balance tables, wood-framed pegboards, and wood filler 


panels.  


B. Finish: 


1. Manufacturer may uses either of the following finish systems: 


a. Customized, high-solids, cross-linked, ultraviolet light (UV)-cured coating 


developed for durability, including abrasion, chemical, impact, and scratch 


resistance, for flat-line applications. Coatings shall have little or no VOCs. 


Chemical-resistant modified acrylic urethane finish with built-in UV blocker, 


or equal, applied over permanent wood stain. 


2. Stain Color: 


a. To be selected by Architect from manufacturer’s full published color range. 


3. Application: 


a. Finish application and sequence shall be as recommended and designed by 


the manufacturer for a high quality, laboratory-grade wood casework finish. 


b. Preparation: Sand exposed surfaces smooth, free from dirt and defects. 


c. Stain application: Apply stain of color selected to all exposed casework 


surfaces. Apply in a manner to achieve a match with the selected color 


sample upon completion of application of the finish. 


d. Finish application: Apply top finish to all stained surfaces. Finished surfaces 


shall be even, water-clear and bright. Cloudy or muddy finishes carrying 


tinting pigments will not be acceptable. 


C. Wood Finish Chemical Resistance Performance Requirements: 
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1. Manufacturer shall submit wood finish chemical resistance performance test 


results. Testing to be performed by independent testing agency. 


2. Procedure: Place panel on a flat surface, clean with soap and water and blot dry. 


Condition the panel for 48-hours at 73º +/- 3ºF (23º +/- 2ºC) and 50 +/- 5% relative 


humidity or the currently accepted guideline set by ASTM. Test the panel for 


chemical resistance using forty-nine different chemical reagents by one of the 


following methods. For both methods, leave the reagents on the panel for a period 


of one hour. Wash off the panel with water, clean with detergent and naptha, and 


rinse with deionized water. Dry with a towel and evaluate after 24-hours at 73º +/- 


3ºF (23º +/- 2ºC) and 50 +/- 5% relative humidity, or the currently accepted 


guideline set by ASTM. 


a. Method A: Test volatile chemicals by placing a cotton ball saturated with 


reagent in the mouth of a 1-oz. (29.574cc) bottle and inverting the bottle on 


the surface of the panel. 


b. Method B: Test non-volatile chemicals by placing five drops of the reagent 


on the surface of the panel and covering with a 24mm watch glass, concave 


side down. 


3. Rating System: Evaluations shall use the following rating system: 


Level 0 No detectable change. 


Level 1 Slight change in color or gloss. 


Level 2 Slight surface etching or severe staining.  


Level 3 Pitting, cratering, swelling, or erosion of coating. Obvious 


and significant deterioration. 


4. Acceptance Level:  


a. Individual test results for the specified 49 reagents shall be within the Range 


for that reagent as specified on the table below. 


b. There shall be no more than four (4) Level 3 conditions.  


5. Table of reagents: 
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Test No. Chemical Reagent Test Method Range 


1. Acetate, Amyl A 0-1 


2. Acetate, Ethyl A 0-1 


3. Acetic Acid, 98% B 0-1 


4. Acetone A 0 


5. Acid Dichromate, 5% B 0-1 


6. Alcohol, Butyl A 0-1 


7. Alcohol, Ethyl A 0 


8. Alcohol, Methyl A 0-1 


9. Ammonium Hydroxide, 28% B 0-2 


10. Benzene A 0-1 


11. Carbon Tetrachloride A 0-1 


12. Chloroform A 0 


13. Chromic Acid, 60% B 0-1 


14. Cresol A 0-2 


15. Dichloroacetic Acid A 0-3 


16. Dimethylformamide A 0-2 


17. Dioxane A 0-1 


18. Ethyl Ether A 0-1 


19. Formaldehyde, 37% A 0 


20. Formic Acid, 90% B 0-1 


21. Furfural A 0-1 


22. Gasoline A 0 
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Test No. Chemical Reagent Test Method Range 


23. Hydrofluoric Acid, 37% B 0-2 


24. Hydrofluoric Acid, 48% B 0-2 


25. Hydrogen Peroxide, 30% B 0-1 


26. Iodine, Tincture of  B 0-2 


27. Methyl Ethyl Ketone A 0 


28. Methylene Chloride A 0-1 


29. Monochlorobenzene A 0-1 


30. Naphthalene A 0 


31. Nitric Acid, 20% B 0 


32. Nitric Acid, 30% B 0-2 


33. Nitric Acid, 70% B 2-3 


34. Phenol, 90% A 0-2 


35. Phosphoric Acid, 85% B 0-1 


36. Silver Nitrate Saturated B 0-1 


37. Sodium Hydroxide 10% B 0-2 


38. Sodium Hydroxide 20% B 0-2 


39. Sodium Hydroxide 40% B 0-2 


40. Sodium Hydroxide Flake B 0 


41. Sodium Sulfide Saturated B 0 


42. Sulfuric Acid, 33% B 0-1 


43. Sulfuric Acid, 77% B 0-1 


44. Sulfuric Acid, 96% B 1-3 
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Test No. Chemical Reagent Test Method Range 


45. Sulfuric Acid 77% & Nitric Acid 


70% equal parts 


B 1-3 


46. Toluene A 0 


47. Trichloroethylene A 0 


48. Xylene A 0 


49. Zinc Chloride, Saturated B 0 


2.19 METAL FABRICATIONS  


A. Applicability: This section applies to metal fabrications, including, but not limited to, pipe 


drop enclosures, radioisotope storage cabinets, shelving support systems, metal-framed 


laboratory tables, metal-framed balance tables, cylinder racks, utility ceiling tiles, and 


other miscellaneous brake-formed and shop fabricated components and trim, such as 


required for overhead service carriers.  


B. Materials:  


1. Steel: Cold-rolled furniture stock sheet steel, prime grade, roller leveled. 


a. Steel shall be treated at the mill to be free of scale, ragged edges, deep 


scratches, or other injurious effects. 


b. All gauges indicated are to be U.S. standard. 


C. Finish Requirements:  


1. Paint finish for steel laboratory products shall utilize a dry coating process with 


minimal waste generation. Liquid-applied coatings shall not be acceptable. 


Manufacturer shall supply documentation that waste generated during the painting 


process, is a solid, non-hazardous material. 


a. Pretreatment: Finish process shall incorporate a phosphate conversion 


coating during the pretreatment/cleaning operation. 


b. Operator Protection: The painting process shall be cleanly contained, have 


no solvent odor and be performed in an air-conditioned room. 
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c. VOC (Volatile Organic Compounds) emissions shall not exceed 0.29 lbs per 


gallon (35 g/L). 


d. Offgasing: No further emissions or “Offgasing/Decomposition” vapors shall 


occur at room temperature from installed finished parts. 


2. Preparation: After the units have been completely welded together and before 


finishing, they shall be given a pre-paint treatment to provide excellent adhesion of 


the finish to the metal and to aid in the prevention of corrosion. Physical and 


chemical cleaning of the metal shall be accomplished by washing with an alkaline 


cleaner, followed by a spray treatment with a heated cleaner/phosphate solution 


and pretreated with iron phosphate spray followed by a neutral final seal prior to 


application of final finish. The strength of each solution shall be monitored by 


filtration to insure consistent quality. All treated parts shall be immediately dried in 


heated ovens and gradually cooled before application of the finish. Treated metal 


parts shall be clean and properly prepared to provide optimum adhesion of finish 


and resistance to corrosion. 


3. Application: Electrostatically apply powder coat of selected color and bake in 


controlled high temperature oven to assure a smooth, hard satin finish. Surfaces 


shall have a chemical resistant, high grade laboratory furniture quality finish of the 


following thicknesses: 


a. All surfaces, exterior or interior, exposed to view, shall receive sufficient 


powder coat to achieve an average 1.5 mil (38 µm) film thickness with a 


minimum 1.2 mil (30 µm) film thickness and shall have smooth satin luster. 


b. Backs of cabinets and other surfaces not exposed to view shall have 


sufficient powder coat to achieve an average 1.0 mil (25 µm) film thickness. 


4. All drawer bodies to be finished in matching color. 


5. Concealed interior parts shall receive corrosion-resistant treatment. 


6. Finish must be UV stable. 


7. Color: As selected by the Architect. 


D. Finish Performance Requirements:  


1. Manufacturer shall submit metal finish performance testing results. Testing to be 


performed by independent testing agency. 
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2. Chemical Resistance: 


a. Test procedure: Place samples on a flat surface, clean with soap and water 


and blot dry. Condition the panel for 48-hours at 73+ 3F (23(+ 2(C) and 50+ 


5% relative humidity, or the currently accepted guideline set by ASTM. Test 


the samples for chemical resistance using forty-nine different chemical 


reagents by one of the following methods. For both methods, leave the 


reagents on the sample for a period of one hour. Wash off the sample with 


water, clean with detergent and naptha, and rinse with deionized water. Dry 


with a towel and evaluate after 24-hours at 73± 3°F (23°± 2°C) and 50± 5% 


relative humidity, or the currently accepted guideline set by ASTM 


1). Method A: Test volatile chemicals by placing a cotton ball saturated 


with reagent in the mouth of a 1-oz. (29.574cc) bottle and inverting 


the bottle on the surface of the sample. The cotton ball shall remain in 


contact with the sample for the duration of the test. 


2). Method B: Test non-volatile chemicals by placing five drops of the 


reagent on the surface of the sample and covering with a 24mm watch 


glass, convex side down. 


b. Rating System: Evaluations shall use the following rating system: 


Level 0 No detectable change. 


Level 1 Slight change in color or gloss. 


Level 2 Slight surface etching or severe staining.  


Level 3 Pitting, cratering, swelling, or erosion of coating. Obvious 


and significant deterioration. 


c. Acceptance Level: 


1). Individual test results for the specified 49 reagents shall be within the 


Range for that reagent as specified on the table below.   


2). There shall be no more than four (4) Level 3 conditions.  


d. Table of reagents: 
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Test No. Chemical Reagent Test Method Range 


1. Acetate, Amyl A 0-1 


2. Acetate, Ethyl A 0-2 


3. Acetic Acid, 98% B 0-3 


4. Acetone A 0-1 


5. Acid Dichromate, 5% B 0-1 


6. Alcohol, Butyl A 0-1 


7. Alcohol, Ethyl A 0-1 


8. Alcohol, Methyl A 0-1 


9. Ammonium Hydroxide, 28% B 0 


10. Benzene A 0-2 


11. Carbon Tetrachloride A 0-1 


12. Chloroform A 0-2 


13. Chromic Acid, 60% B 0-2 


14. Cresol A 0-2 


15. Dichloroacetic Acid A 0-3 


16. Dimethylformamide A 0-2 


17. Dioxane A 0-2 


18. Ethyl Ether A 0-1 


19. Formaldehyde, 37% A 0-1 


20. Formic Acid, 90% B 0-3 


21. Furfural A 0-3 


22. Gasoline A 0 


23. Hydrofluoric Acid, 37% B 0-2 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 87 RFD 


Test No. Chemical Reagent Test Method Range 


24. Hydrofluoric Acid, 48% B 0-3 


25. Hydrogen Peroxide, 30% B 0-1 


26. Iodine, Tincture of  B 0-2 


27. Methyl Ethyl Ketone A 0-2 


28. Methylene Chloride A 0-2 


29. Monochlorobenzene A 0-2 


30. Naphthalene A 0-1 


31. Nitric Acid, 20% B 0-1 


32. Nitric Acid, 30% B 0-1 


33. Nitric Acid, 70% B 0-3 


34. Phenol, 90% A 0-2 


35. Phosphoric Acid, 85% B 0-1 


36. Silver Nitrate Saturated B 0 


37. Sodium Hydroxide 10% B 0 


38. Sodium Hydroxide 20% B 0 


39. Sodium Hydroxide 40% B 0-1 


40. Sodium Hydroxide Flake B 0 


41. Sodium Sulfide Saturated B 0 


42. Sulfuric Acid, 33% B 0 


43. Sulfuric Acid, 77% B 0 


44. Sulfuric Acid, 96% B 2-3 


45. Sulfuric Acid 77% & Nitric Acid 


70% equal parts 


B 1-3 







SAN DIEGO STATE UNIVERSITY SECTION 115310 


EIS COMPLEX LABORATORY CASEWORK AND OTHER FURNISHINGS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


NOVEMBER 4, 2016 


 115310 - 88 RFD 


Test No. Chemical Reagent Test Method Range 


46. Toluene A 0-1 


47. Trichloroethylene A 0-1 


48. Xylene A 0-1 


49. Zinc Chloride, Saturated B 0 


3. Hot Water Test 


a. Test Procedure: 190°F to 205°F (88°C to 96°C) hot water shall be allowed to 


trickle (with a steady stream and at a rate of not less than 6 ounces (177.5 


cc) per minute) on the finished surface, which shall be set at an angle of 45°, 


for a period of 5 minutes. 


b. Acceptance Level: After cooling and wiping dry, the finish shall show no 


visible effect from the hot water. 


4. Paint Adhesion on Steel Test 


a. Test Procedure: Test shall be based on ASTM D2197-86 “Standard Method of 


Test for Adhesion of Organic Coating.” Two sets of eleven parallel lines 1/16 


inch (1.587 mm) apart shall be cut with a razor blade to intersect at right 


angles thus forming a grid to 100 squares. The cuts shall be made just deep 


enough to go through the coating, but not into the substrate. Brush surface 


lightly with a soft brush for one minute. Examine under 100 fc (1076 lux) of 


illumination. 


b. Acceptance Level: Ninety or more of the squares shall show finish intact. 


5. Impact Test 


a. Test Procedure: Drop a 1 lb (0.4536 kg) ball (approximately 2 inch (50.8 mm) 


diameter from a distance of 12 inches (305 mm) onto a flat horizontal 


surface, coated to manufacturer’s standard manufacturing method. 


b. Acceptance Level: No visual evidence to the naked eye of cracks in the finish 


due to impact. 


6. Paint Hardness on Steel Test 
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a. Test Procedure: Paint film shall be tested with pencils of various hardnesses.  


Pencils shall have a wide, sharp edge. Pencils shall be pushed across surface 


in a chisel-like manner. 


b. Acceptance Level: Finish film shall not rupture from a sharpened 4H pencil.  


2.20 STAINLESS STEEL FABRICATIONS 


A. Applicability: This section applies to stainless steel fabrications, including, but not limited 


to, work surfaces, canopy hoods, low slotted exhaust, drying racks, shelves, 


autoclave/equipment enclosure walls and panels, utility ceiling tiles, sinks and scullery 


sinks, stainless steel pipe drop enclosures, and other miscellaneous brake-formed and 


shop fabricated stainless steel components and trim as shown on the drawings. 


B. Manufacturers: 


1. Inter Dyne Systems, Inc., 676 Ellis Road, Norton Shores, MI 49441 Tel: 231 799-


8760. 


2. Kloppenberg & Co., 2627 West Oxford Avenue, Englewood, CO 80110 Tel: 303 761-


1615. 


3. Approved substitution. 


C. Materials and Finishes:  


1. Unless otherwise noted stainless steel shall be Type 304 and shall be of gauge 


indicated on Laboratory Furnishing drawings or this specification. 


2. All fabrications shall have exposed surfaces ground and polished to a Number 4 


satin finish. 


3. All stainless steel nuts, screws, bolts, and rivets, etc., shall be of the same type 


stainless as in the sheet material and shall have a tumbled finish closely resembling 


that of a Number 4 finish. 


4. All stainless steel welding material shall be of type similar to the sheet material or a 


richer quality. All welds shall be made without discoloration and shall be ground, 


polished, and passivated to blend harmoniously with a Number 4 satin finish. All 


joints in stainless steel tops and work surfaces shall be welded. 


D. Work Surfaces: 


1. Thickness: 16 gauge (1.6 mm). 
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2. Fabrication: 


a. Edges: Flanged down the same dimension as the adjacent non-stainless top, 


with 1 inch (25 mm) being a minimum and returned over a perimeter metal 


frame to simplify securing top material to cabinet or structural frame. 


b. Reinforcment: Under-surface shall be reinforced with full length 16 gauge 


(1.6 mm) structural metal channels as required to insure rigidity and prevent 


buckling, warping, or oil canning. Where bench-mounted fittings are 


indicated on the drawings, provide top reinforcement to allow for rigid, 


secure mounting of fittings. 


c. Undercoating: Underside of top shall have a heavy mastic agent coating 


providing sound deadening. 


d. Stainless steel sides and back-splashes, where indicated, shall be integrally 


welded to top and finish as indicated above. The back side of exposed 


backsplashes shall be finished to match front and sides.  


e. Provide all holes and cutouts as required for built-in equipment and 


mechanical and electrical service fixtures. Verify size of opening with actual 


size of equipment to be used prior to making openings. Form inside corners 


to a radius of not less than 1/8 inch (3 mm). After sawing, rout and file 


cutouts to ensure smooth, crack-free edges with no burrs.  


3. Tops with Sinks: Tops and sinks shall be integral, fabricated with a marine edge and 


shall be pitched to sink bowl for proper drainage. Marine edges shall be seamless 


die-formed. 


4. Flat Stainless Steel Work Surfaces: (Without marine edge or sink) shall have an 


integrally coved back splash and bull-nose at front of work surface. 


5. Wall-Supported Benchtop 


a. Benchtops shall be fabricated as per construction section of this specification 


with stainless steel wall support and bracket angles all as per Laboratory 


Furnishings Drawings. 


b. Unit shall be designed to support 200 pounds per square foot, completely 


wall supported with no legs or support members extending to the floor. 
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6. Joints: Fabricate work surfaces in the largest sections practical for delivery to the 


job site. All joints shall be field-welded, ground smooth, and polished on-site to 


create a continuous work surface. 


E. Cup Sink: All cup sinks in stainless steel work surfaces and fume hoods shall be integral 


one piece construction with top. Cup sinks at fume hoods shall have ¼ inch (6 mm) high 


lip. 


F. Laboratory Sink: Integral one piece construction with stainless steel work surface.  


1. Thickness: 18 gauge (1.3 mm thick), unless otherwise noted. 


2. Construction: Sink units shall be designed and fabricated with sufficient 


reinforcement to prevent oil canning. All sink joints shall be butt-welded, ground 


smooth by the heliarc welding process. Inside radii shall be 1 inch (25 mm). 


Bottoms shall be pitched to the drain indent. No soldering will be permitted in 


connection with sink construction. Sink bowl dimensions given are inside 


dimensions. Underside shall have a heavy mastic agent coating providing sound 


deadening. 


G. Scullery Sink: Stainless steel top with integral sink bowls in sizes as shown. The 


requirements for stainless steel tops and sinks described above shall govern in its 


entirety. Backsplash, marine edge and drain boards shall be provided as indicated in 


Laboratory Furnishings plans. 


1. Thickness: 14 gauge. 


2. Construction: Front, bottom and back of sink compartments shall be formed of one 


sheet of material with integral 1 ½ inch (40 mm) roll rim, extending full length at 


front and ends of compartments and drainboards. Compartment ends and 


partitions shall be electrically welded into place. Drainboards shall pitch from 2 


inches at rolled rim and ends to 2 ½ inches (65 mm) below rim at compartments. 


Bottoms shall be pitched to the drain indent. Sink units shall be designed and 


fabricated with sufficient reinforcement to prevent oil canning. All sink joints shall 


be butt-welded, ground smooth by the heliarc welding process. Inside radii shall be 


1 inch (25 mm). No soldering will be permitted in connection with sink 


construction. Sink bowl dimensions on drawings are inside dimensions. Underside 


shall have a heavy mastic agent coating providing sound deadening. 


3. Legs: Sinks shall be supported on stainless steel square tube legs with stainless 


steel leveling guides. 
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4. Accessories: Provide Elkay LK-86-RT, or approved, waste fitting at each 


compartment of stainless steel construction with strainer, overflow and lever 


handle. Provide tailpiece compatible with laboratory waste piping system. Refer to 


Division 22 for piping requirements. 


5. Coordination: Coordinate scullery sink design with the requirements of any 


undercounter equipment (such as dishwashers and glassware washers), as shown 


on the Laboratory Furnishings drawings. Provide intermediate, end, and trim panels 


to enclose the undercounter portions of the scullery sink at equipment locations.  


H. Autoclave/Equipment Enclosure Panels: 


1. Install stainless steel modular wall systems, trim panels, and doors provided by the 


enclosed equipment manufacturer. Provide all framing and stiffening necessary to 


complete the installation. Refer to Section 115350. 


2.21 GOWNING BENCH 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. Terra Universal Inc., Anaheim, CA 92805.  


2. Innotech Products Inc., Minneapolis, MN 55414. 


3. Approved substitution. 


B. Basis of Design: Terra Universal Inc. Model: UltraClean Stainless Steel Gowning Bench, 


Open-Cage model. Equivalent products may be considered provided they meet the 


product characteristics listed below. 


C. Description: ¼ inch (6.3 mm) solid rod top with bootie racks below. 


D. Product characteristics: 


1. All stainless steel construction. 


2. Class 1 environment design. 
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2.22 SLOTTED CHANNEL FRAMING 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. Unistrut, 35660 Clinton Street, Wayne, MI 48184 Tel: 800 521-7730. 


2. Power Engineering Co. (Powerstrut), 420 Boston Turnpike, Shrewsbury, MA Tel: 


800 274-1303. 


3. Kumar Industries (Nu-Strut), 4881 Chino Ave., Chino, CA 91710 Tel: (909) 591-0722. 


4. Cooper B-Line Inc. (B-Line), 509 West Monroe St., Highland, IL 62249 Tel: (618) 654-


2184. 


5. Approved substitution. 


B. Materials: Channel and framing members shall be fabricated from steel conforming to the 


following requirements: 


1. Framing Members: 


a. Concealed Framing Members and Fittings: ASTM A570 GR 33. 


b. Exposed Framing Members and Fittings: ASTM A446 GR A with zinc coating 


conforming to ASTM A525. 


c. Stainless Steel Framing Members and Fittings: ASTM A240 (Type 304), where 


indicated. 


2. Fittings: 


a. Concealed Fittings: Fabricate from steel satisfying the requirements of ASTM 


A570 GR 33, and conform to the following ASTM specifications: A575, A576, 


A36, or A635. Nuts shall conform to ASTM A576 GR 1015 and screws shall 


conform to SAE J429 GR 2 and ASTM A307. 


b. Exposed Fittings: Fabricate from steel satisfying the requirements of ASTM 


A570 GR 33, and conform to the following ASTM specifications: A575, A576, 


A36, or A635. Nuts shall conform to ASTM A576 GR 1015 and screws shall 


conform to SAE J429 GR 2 and ASTM A307. Exposed fittings shall receive zinc 


coating conforming to ASTM A525. 
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c. Stainless Steel Fittings and Hardware: Sintered Nuts shall be of ASTM B783 


(Type 316N2-33) stainless steel and fittings shall be of ASTM A240 (Type 304) 


stainless steel. Stainless steel fittings and hardware shall be used with 


stainless steel framing members, or where indicated. 


3. Thickness: 12 gauge, unless noted otherwise. 


4. Size: 1 5/8 inch x 1 5/8 inch cross-section, unless noted otherwise. 


C. Components: 


1. The following components shall be provided, unless otherwise noted: 


a. Framing Channel: 1 5/8 inch x 1 5/8 inch x 12 gauge: Unistrut P1000, 


Powerstrut PS 200, Kumar Industries N-200, B-Line Systems, Inc. B22, or 


equal. 


b. Suspended Framing Channel, 3 ¼ inch x 1 5/8 inch x 12 gauge: Unistrut 


P5000, Powerstrut PS 100, Kumar Industries N-150, B-Line Systems, Inc. B11, 


or equal. 


c. 90° Angle Fitting: 4 1/8 inch x 3½ inch x ¼ inch with two holes, each leg: 


Unistrut P1325, Powerstrut PS 607, Kumar Industries N-1123, B-Line 


Systems, Inc. B104, or equal. 


d. 135° Angle Fitting: 3 inch x 2 5/16 inch x ¼ inch with one hole, each leg: 


Unistrut P1546, Powerstrut PS 633-45°, Kumar Industries N-1425, B-Line 


Systems, Inc. B154, or equal. 


e. T-Shaped Flat Plate Fitting: 5 3/8 inch x 3½ inch x ¼ inch plate, T-shaped, with 


four holes: Unistrut P1031, Powerstrut PS 714, Kumar Industries N-1022, B-


Line Systems, Inc. B133, or equal. 


f. Wing Shape Fitting, 9 5/32 inch x 3 7/8 inch ten holes, two holes in each wing 


section and two holes in each of three channel section sides: Unistrut P2347, 


Powerstrut PS 913, B-Line Systems, Inc. B273. 


g. Vertical Posts: 3¼ inch x 1 5/8 inch x 12 gauge, double channel section: 


Unistrut P1001, Powerstrut PS 200 2T3, Kumar Industries N-200-A, B-Line 


Systems, Inc. B22A, or equal. 


h. Horizontal Support Members: 1 5/8 inch x 1 5/8 inch x 12 gauge framing 


channel with 13/32 inch x 3 inch slotted holes, 4 inches on center: Unistrut 
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P1000 SL, Powerstrut P 200 S, Kumar Industries N-200-SL, B-Line Systems, 


Inc. B22S, or equal. 


i. Slotted Hole Framing Channel, 1 5/8 inch x 1 5/8 inch x 12 gauge framing 


channel with 13/32 inch x 3 inch slotted holes, 4 inches on center: Unistrut 


P1000 SL, Powerstrut P 200 S, Kumar Industries N-200-SL, B-Line Systems, 


Inc. B22S. 


j. Slotted Framing Channel for installation in Chemical Fume Hoods, 1 5/8 inch 


x 13/16 inch x 16 gauge Type 316 stainless steel framing channel: Unistrut 


P4000 SS, Powerstrut PS 560 SS, Kumar Industries, B-Line Systems, Inc. 


1). Attach channel to side of fume hood with 2 5/8 inch x 1 7/8 inch x 1/8 


inch, 4 hole, stainless steel 90º fitting: Unistrut P6325 SS, Powerstrut, 


Kumar Industries, B-Line Systems, Inc. 


k. Diagonal Brace Supports: Framing Channel, 1 5/8 inch x 1 5/8 inch x 12 


gauge: Unistrut P1000, Powerstrut PS 200, Kumar Industries N-200, B-Line 


Systems, Inc. B22, or equa. 


l. Closure Strip: 0.04 inches thick snap-in cover for framing channel: Unistrut 


P3184, Powerstrut PS 6152, Kumar Industries N-1920, B-Line Systems, Inc. 


B217-24, or equal. Provide closure strips over all exposed vertical post 


sections. 


m. End Caps: 0.06 inches thick for framing channel: Unistrut P1280, Powerstrut 


PS 707, Kumar Industries N-2500, B-Line Systems, Inc. B205, or equal. 


Provide end caps for all exposed horizontal framing channels. 


n. Ceiling Escutcheon: Provide 18 gauge steel, finished to match framing 


members, as indicated on the Laboratory Furnishing drawings, at ceiling 


penetrations. 


o. Other components, hardware, and fasteners, as required for a complete 


assembly and as indicated on the drawings. 


2. Service Struts and Ledging: 


a. 16 gauge, 13/16 inch x 1 5/8 inch cold-formed framing uprights: Unistrut 


P4000, Powerstrut PS 560, Kumar Industries N-400, B-Line Systems, Inc. B56, 


or equal. Uprights shall be provided at 48 inches, maximum, and fastened 


top and bottom by two adjustable U-shaped spreaders. 
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b. U-shaped spreaders: 12 gauge by 1½ inch (45 mm) wide by length required, 


galvanized steel. 


c. Locations: 


1). Provide to support tops at pipe service chase space, support drain 


troughs, under fume hood superstructures, and other abnormal loads. 


2). Support struts with U-shaped spreaders shall be provided at 48 inches 


(1220 mm) on center below island and peninsula benches, as indicated 


on drawings. Support struts shall be provided along wall 48 inches 


(1220 mm) on center below island and peninsula benches. Struts will 


be used to support piped and electrical services installed under 


Divisions 22, 26, and 27. Provide all bolts, expansion sleeves, and 


fastening devices for a complete assembly. Pipe and conduit hangers 


shall be provided by Division 22, 26, and 27 installers.  


3. Heavy Duty Wall Shelving: 


a. Shelf Standards: Framing channel, spaced equally, 36 inches on center, 


maximum. Secure to wall.  Provide all bolts and fastening devices for a 


complete assembly. 


b. Brackets: Cold-formed framing channel brackets, as required for maximum 


cover of shelf depth: 


1). Shelves at least than 9 inches and less than 11 inches deep: Unistrut 


P1769, Powerstrut PS 732-8, B-Line Systems, Inc. B187, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


2). Shelves at least than 11 inches and less than 13 inches deep: Unistrut 


P1771, Powerstrut PS 732-10, B-Line Systems, Inc. B541, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


3). Shelves at least 13 inches and less than 15 inches deep: Unistrut 


P1773, Powerstrut PS 732-12, B-Line Systems, Inc. B289-12, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


4). Shelves at least 15 inches and less than 17 inches deep: Unistrut 


P1775, Powerstrut PS 732-14, B-Line Systems, Inc. B289-14, or equal. 
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Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


5). Shelves at least 17 inches and not exceeding 20 inches deep: Unistrut 


P1777, Powerstrut PS 732-16, B-Line Systems, Inc. B290, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


4. Adjustable Wall Shelving: 


a. Shelf Standards: Framing channel, spaced equally, 36 inches (915 mm) on 


center, maximum. Provide all bolts and fastening devices for a complete 


assembly. 


b. Brackets: Cold-formed framing channel brackets, as required for maximum 


cover of shelf depth: 


1). Shelves at least than 9 inches and less than 11 inches deep: Unistrut 


P1769, Powerstrut PS 732-8, B-Line Systems, Inc. B187, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


2). Shelves at least than 11 inches and less than 13 inches deep: Unistrut 


P1771, Powerstrut PS 732-10, B-Line Systems, Inc. B541, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


3). Shelves at least 13 inches and less than 15 inches deep: Unistrut 


P1773, Powerstrut PS 732-12, B-Line Systems, Inc. B289-12, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


4). Shelves at least 15 inches and less than 17 inches deep: Unistrut 


P1775, Powerstrut PS 732-14, B-Line Systems, Inc. B289-14, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


5). Shelves at least 17 inches and not exceeding 20 inches deep: Unistrut 


P1777, Powerstrut PS 732-16, B-Line Systems, Inc. B290, or equal. 


Secure to steel uprights and underside of shelf with removable bolt 


fasteners. 


5. Overhead Service Carrier: 
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a. Vertical members: Telescoping 12 gauge tube or strut, 1 5/8 inch x 1 5/8 inch 


and 1 7/8 inch x 1 7/8 inch, with 9/16 inch diameter pre-punched holes at 1 


7/8 inch on center: Unistrut “Telestrut System”, Allied Tube & Conduit 


“Square-Fit” telescoping channel, or approved substitution. 


b. Provide fittings designed to connect and attach telescoping tubing. 


c. Gravity pins shall be used to connect telescoping members. 


6. Cylinder and Dewar Restraint: 


a. Swivel Hanger: 1 ¾ inch long by 3/8 inch diameter link welded to threaded 


stud; provide two per cylinder: Unistrut M2350, Powerstrut PS205, Kumar N-


2911, B-Line 446B. 


7. Overhead Support Grid 


a. Exposed horizontal support members for user attachment, 3¼ inch x 1 5/8m 


inch x ¼ inch framing channel: Unistrut P5000, Powerstrut P 100, Kumar 


Industries N-150, B-Line Systems, Inc. B11. 


8. Finish: 


a. Provide finish coating for all cold-formed framing components, except for 


stainless steel components. 


b. Concealed Framing Members and Fittings: Rust inhibiting acrylic enamel 


paint applied by electrostatic deposition, after cleaning and phosphating, 


and thoroughly baked. Finish shall withstand a minimum of 400 hours salt 


spray when tested in accordance with ASTM B117. Color: Green. 


c. Exposed Framing Members and Fittings: Factory applied epoxy powder coat. 


Color: To be selected by the Architect. 


2.23 SEALANT 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers.  


1. Dow Corning Corporation, P.O. Box 994, Midland, MI 48686 Tel: 989 496-7881. 


2. General Electric Company, 260 Hudson River Rd., Waterford, NY 12188 Tel: 800 


255-8886. 
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3. Approved substitution. 


B. Basis of Design: Dow Corning 732 Multi-Purpose Sealant, GE Silicones RTV 100 Series, or 


equal. 


C. Characteristics: 


1. Type: One-part silicone rubber, MIL-A-46106. 


2. Physical form: Non-slumping paste. 


3. Cure: Cures at room temperature on exposure to water vapor in the air. 


4. Authorizations: 


a. FDA Regulation No. 21 CFR 177.2600. 


b. USDA Rating P1. 


c. NSF Rating C2. 


d. UL 150 C Rating, File No. E40195(N).  


5. Properties: 


a. Tack Free Time: 45 minutes, maximum. 


b. Durometer, Shore A Hardness: 20, minimum. 


c. Tensile Strength: 220 pounds per square inch, minimum. 


d. Elongation: 350 percent, minimum. 


e. Extrusion Rate: 220 to 525 grams per minute. 


PART 3 - EXECUTION 


3.1 SITE CONDITIONS 


A. Inspection: 


1. Prior to installation of the work of this Section, carefully inspect the installed work 


specified in other Sections and verify that all such work is complete to the point 


where this installation may properly commence. 
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2. Verify that all work may be installed in complete accordance with the original 


design, reviewed submittals, and the manufacturer's recommendations. 


B. Discrepancy: In the event of discrepancy, immediately notify the Architect. 


C. Flooring: Casework will typically be installed on top of finished flooring. Coordinate 


sequencing, protection, and installation requirements with the contractor to prevent 


damage of flooring. 


3.2 INSTALLATION 


A. Coordinate work with any Owner furnished and/or installed components indicated on 


drawings. 


B. General: Assemble units into one integral unit with joints flush, tight, and uniform. Align 


similar adjoining units to a tolerance of 1/16 inch (1.5 mm). 


C. Cabinets: 


1. Install cabinets to create a plumb, level, true and straight installation.  


2. Installation of metal and stainless-steel casework fixed cabinets shall utilize the 


internal leveling devices. Do not use shims. 


3. Installation of wood casework shall be performed using shims. Shimming shall be 


minimized as much as possible, yet be sufficient to achieve a level and plumb 


condition.  


4. Installation of wood casework fixed cabinets shall utilize the internal leveling 


devices. Do not use shims. 


5. Installation shall maintain the required height of countertops. ADA-height 


countertops shall not vary more than ¼” from the heights off the finish floor as 


indicated. 


6. Where floor conditions require shimming or leveling of more than ¾” at any point, 


do not install casework in those locations. Notify the contractor and design team 


that remedial measures will be required to bring the floors closer to a level 


situation. 


7. Securely fasten wall units to solid supporting material, not plaster, lath, or 


wallboard. Anchor, adjust, and align wall cabinets as specified for base cabinets. 
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Verify that all required backing and reinforcement necessary to support 


wall-mounted units is in place, secure, and accurately located. 


D. Installation materials: 


1. Installation of wood, plastic laminate, and solid phenolic casework may involve the 


use of shims, spacers, cleats, straps and other such items of either metal or wood 


composition. 


2. Installation of metal casework shall use spacers, cleats, and straps of galvanized 


steel, epoxy-coated steel, or stainless steel. No wood materials of any sort shall be 


part of the permanent installation of metal casework. 


3. Installation of stainless-steel casework, counters, and scullery sinks shall use 


spacers, cleats, and straps of stainless steel of the stainless steel type specified for 


the casework construction. No wood or carbon steel materials of any sort shall be 


part of the permanent installation of stainless steel casework. 


4. Installation of polypropylene casework shall use shims, spacers, cleats, straps, and 


other such items of polypropylene construction only. No wood or metal materials 


shall be part of the permanent installation of polypropylene casework. 


E. Laboratory Tops:  


1. Scribe tops as necessary for close and accurate fit. 


2. Field Joints: Factory-prepared and identical to factory joints, locate only where 


indicated on approved Shop Drawings. Field processing of top and edge surfaces is 


not acceptable, except as described by manufacturer in approved Submittal Data. 


Provide full length, one-piece tops and backsplashes wherever possible, and keep 


field joints to an absolute minimum. 


3. Abut top and edge surface in one true plane, with internal supports placed to 


prevent any deflection. Joints in top units shall be flush and the narrowest for the 


respective materials of construction. Cement joint in accordance with the 


manufacturers’ specifications. 


4. All joints in stainless steel work surfaces shall be field-welded, ground smooth, and 


polished on-site to create a continuous work surface. 


F. Sealant: 
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1. Caulk edges of tops, backsplashes and side splashes to adjacent wall surface with 


silicone sealant. 


3.3 DESTRUCTIVE TESTING 


A. The Owner, Architect, and/or Contractor may, at their own cost, elect to perform 


destructive testing on casework cabinet components (such as fronts, sides, etc.) to 


confirm compliance with the requirements of this specification. The casework 


manufacturer/installer should account for the de-installation, repair, and reinstallation, or 


replacement of one cabinet that may be selected for destructive testing. 


3.4 CLEANING AND PROTECTION 


A. Repair or remove and replace defective work as approved by the Architect at no 


additional cost to the Owner. 


B. Clean finished units, touch up as required, and remove and refinish damaged or soiled 


areas. 


C. Cover tops with kraft paper or polyethylene sheeting after installation for protection 


against scratching, soiling, and deterioration during remainder of construction period. 


Remove protection prior to final cleaning. 


D. Clean counter tops with diluted dishwashing liquid and water leaving tops free of all 


grease and streaks. Use no wax or oils. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SECTION INCLUDES 


A. Chemical Fume Hoods, including bench mounted hoods 


B. Clean Room Fume Hoods (Acid) 


C. Clean Room Fume Hoods (Solvent) 


D. Fume Extractor Arms (Snorkels) 


E. Gas Safety Cabinets  


1.2 RELATED SECTIONS 


A. Section 115310: Laboratory Casework and Other Furnishings 


B. Section 115343: Laboratory Service Fittings and Fixtures 


C. Division 22: Plumbing  


D. Division 23: HVAC 


E. Division 26: Electrical 


1.3 REFERENCES 


A. Chemical fume hoods: 


1. ASHRAE 110, Method of Testing Performance of Fume Hoods. 


2. Conform to the recommended practices for laboratory fume hoods published by 


the Scientific Equipment and Furniture Association (SEFA) 1-2010. 


1.4 DESCRIPTION 


A. Provide equipment complete with accessories as described herein and shown on 


Laboratory Furnishings drawings. 


B. Chemical fume hoods: 
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1. Fume hoods with accessories shall be pre-piped and pre-wired. Pre-pipe service 


fittings to single point connection at 6 inches (150 mm) above top of hood or as 


otherwise shown. 


a. Refer to Section 115343 and details on Laboratory Furnishings drawings for 


service fittings. 


b. P-trap, waste piping and tailpiece extensions for cupsinks shall be furnished 


and installed by Division 22. Comply with Division 22 requirements for piping 


and installation requirements for respective pre-piped services. 


c. Pre-wire all electrical devices to junction box at top of hood. Comply with 


Division 26 requirements for electrical work. 


1.5 SUBMITTALS 


A. Refer to the General Conditions and Division 1 “Submittal Procedures” for submittal 


requirements. In addition to these requirements, provide submittal requirements 


specified herein. 


B. Submittal requirements: 


1. Submittal shall be prepared individually for this specification section. Arrange 


product data, drawings and information for submission in a complete set for this 


specification section. 


2. Submittal shall contain complete data for all items of this specification section. 


Periodic or partial submittals of individual components within this specification 


section will be returned as incomplete and rejected. 


3. Submittals shall be organized by specification sequence with section and paragraph 


number identified. 


4. Equipment and components being proposed shall be clearly labeled with all options 


and accessories indicated and shall be for this specific project. All non-applicable 


options, items and components shall be deleted or struck. 


C. Materials List/Product Data: Submit complete materials list, including catalog data of all 


materials, equipment, and products for Work specified in this Section. Include chemical 


resistance finish performance test results for any products specified in this section.  


D. Shop Drawings: Submit complete shop fabrication and installation drawings, including 


plans, elevations, sections, details and schedules. Show relationship to adjoining materials 
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and construction. Shop Drawings shall be in the form of reproducibles or photocopies, not 


to exceed 11 inches x 17 inches (A3) in size. Blueline prints are not acceptable. 


E. Submit detailed anchorage and attachment drawings and calculations provided by a 


licensed Structural Engineer complying with the  International  Building Code Earthquake 


Regulations and the California Code of Regulations, Title 24 Seismic Restraint 


requirements. 


F. Samples: Submit two (2) samples of each type of specified finish and color range 


available. 


G. Test Reports: Submit the following performance test reports. 


1. “As Manufactured” (AM) Fume Hood Testing in Manufacturing Facility: Provide 


certification that each type and size of fume hood has passed Flow Visualization 


and Face Velocity tests, and achieved an AM performance rating equal or better 


than 0.05 ppm with 4.0 Lpm tracer gas release rate when tested in accordance with 


ASHRAE 110-1995. 


2. Fume Hood Sound Level Certification: Provide certification of fume hood 


compliance with design criteria for maximum allowable noise within laboratories. 


a. At project design operating conditions for sash height and face velocity, test 


data of octave band analysis verifying hood is capable of a 50 NC or lower 


value when connected to a 50 NC (minimum) HVAC source. Measurements 


shall be taken 36 inches (915 mm) in front of open sash. 


3. Fume Hood Certification: Submit “As Installed” (AI) test report as described 


elsewhere in this section.  


H. Operations/Maintenance Manuals: Submit under provisions of Section 017800. Submit 


for Owner's use, complete operating and maintenance manuals that describe proper 


operating procedures, maintenance and replacement schedules, component parts list, 


and closest factory representative for components and service. 


1.6 QUALIFICATIONS 


A. Work in this Section shall be performed by a firm having a minimum eight years 


documented experience, and an established organization and production facilities 


including all tools, equipment and special machinery necessary for specializing in the 


fabrication and installation of the type of equipment required with skilled personnel, 


factory trained workmen and an experienced engineering department. Each shall have 
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the demonstrated knowledge, ability and the proven capability to produce the specified 


equipment of the required quality and the proven capacity to complete an installation of 


this size and type within the required time limits. 


1.7 COORDINATION 


A. Work of this Section requires close coordination with Work of Divisions 22, 23 and 26 as 


well as Work specified in other Sections. Sequence all Work to ensure an orderly progress 


in the project without removal of previously installed Work and so as to prevent damage 


to finishes and products. 


B. Coordinate, furnish, and install chemical fume hoods designed for variable air volume 


(VAV) or constant air volume (CAV) operation as indicated in the mechanical drawings. 


The designed exhaust airflow control method (VAV or CAV) shall be confirmed and 


coordinated prior to submission and shall be clearly indicated in the submittal product 


documentation. 


1.8 SUBSTITUTIONS 


A. Approved Substitution/Approved Equal: In addition to the items required in Division 1, all 


substitution requests shall include item-by-item comparison of the proposed substitution 


to this project specification. A copy of the project specification shall be submitted, with 


each item and subsection of the project specification marked as “Comply” or “Not 


Comply.” In any cases where “Not Comply” is indicated, an explanation of the relative 


advantages of the proposed design shall be provided. 


B. Substitution shall not affect dimensions shown on Drawings. 


C. The Contractor shall pay for changes to the building design, including engineering design, 


detailing, utility and service requirements, and construction costs caused by the 


requested substitution. 


D. Substitutions shall have no adverse effect on other trades, the construction schedule, or 


specified warranty requirements. 


E. Maintenance and service parts shall be locally available for the proposed substitution. 


1.9 WARRANTY  


A. Refer to the General Conditions and Division 1 “Product Requirements” for warranty 


requirements. In addition to these requirements, all products will be warranted to be free 


from defects in materials and workmanship for a minimum period of one year following 
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substantial completion. The manufacturer/ dealer/ subcontractor shall repair or replace 


any products (or parts thereof) that are found to be defective. Replacement will include 


any parts, labor, shipping, and travel expenses involved. 


PART 2 - PRODUCTS 


2.1 ACCESSIBILITY FOR PERSONS WITH DISABILITIES 


A. Where indicated on Laboratory Furnishings drawings, fume hoods shall be furnished and 


installed in a manner to make them accessible to persons with disabilities in accordance 


with the Americans with Disabilities Act and any state or local building code or regulation 


having jurisdiction. The height of the highest point of access to the work surface above 


finished floor shall not exceed 34 inches. Fittings for piped services and electrical 


receptacles and controls shall be of a design and in a location in order to be considered 


accessible. 


2.2 CHEMICAL FUME HOODS 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be provided by a 


single manufacturer. 


1. Air Master Systems Corporation, 6480 Norton Center Drive, Muskegon, MI 49441 


Tel: 231 798-1111.  


2. CiF Lab Solutions L.P., 53 Courtland Avenue, Vaughan, ON Canada L4K 3T2 Tel: 905 


738-5821. 


3. Jamestown Metal Products, Inc., 178 Blackstone Avenue, Jamestown, NY 14701 


Tel: 716 665-5313. 


4. Kewaunee Scientific Corporation, P O Box 1842, Statesville, NC 28687 


Tel: 704 873-7202. 


5. Labconco Corporation, 8811 Prospect Avenue, Kansas City, MO 64132 Tel: 800 


821-5525. 


6. Mott Manufacturing Limited, 452 Hardy Road, P. O. Box 1120, Brantford, ON, 


Canada N3T 5T3 Tel: 519 752-7825.  


7. Approved substitution. 
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B. Underwriters Laboratory Listing: Fume hoods shall be UL subject 1805 classified. Label 


shall be attached to the face of each fume hood indicating classification to the UL 1805 


standard for Laboratory Fume Hoods. 


C. Materials: The following materials shall be provided, unless superseded by the 


requirements listed below for specific fume hood types. 


1. Steel: 


a. ASTM A366 mild steel, furniture stock, cold-rolled, pickled, double annealed, 


and free from rust, scale, scratches, buckles, ragged edges, and other 


defects. 


b. Minimum Thickness: 18 gauge (1.2 mm). 


2. Stainless Steel: 


a. Type 316, ASTM 240, with exposed surfaces ground and polished to a No. 4 


finish. 


b. Minimum Thickness: 16 gauge (1.6 mm). 


c. Welding: All stainless steel welding material shall be of similar type to sheet 


material. Welds shall be made without discoloration, ground, polished, and 


passivated to blend with a No. 4 finish. 


3. Liner and Baffle: 


a. Typical: Glass-reinforced polyester panel, flame-retardant and self-


extinguishing with smooth finish and white color. Flexural strength: 14,000 


psi. Flame spread index of 0-25 when tested per UL 723 and ASTM E 84. 


Baffle shall be same material as liner. Liner thickness: 3/16 inch (4.76 mm); 


baffle thickness: ¼ inch (6.35 mm), minimum. Liner performance 


characteristics shall be as specified below.  


b. For Radioisotope Hoods: 16 gauge stainless steel. Spot weld liner top to 


sides. Radius all vertical corners 1 inch maximum. 


4. Glass: 7/32 inch (5.56 mm) laminated safety glass. Glass shall not be etched with 


manufacturer’s name, logo, or any other permanent markings, other than to 


identify the glass as safety glass. Light fixture lens may be tempered safety glass. 


5. Sash guides: Extruded PVC. 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 7 RFD 


6. Sash chains or belts are acceptable 


a. Sash chain: ANSI #35 steel, single strand. Average tensile strength of 2,400 


pounds; maximum working load of 480 pounds. 


1). Pulley assembly for sash chain: Finish bored steel drive sprockets and 


keyed drive, 1/2-inch (12.7 mm) diameter front connector shaft. Rear 


idler sprockets; double sealed ball bearings type, lubricated. All 


sprockets steel with zinc dichromate finish. 


b. Sash belt: Two 1/2 inch wide stainless steel-reinforced polyurethane notched 


belts. Minimum tension cord strength of 840 N. 


1). Pulley assembly for sash belt: Cast aluminum sprocket mated to a 


steel shaft. 


7. Sash pull: Steel with chemical resistant powder coating.  


a. Length: Full width of sash. 


8. Gaskets: White 70 durometer PVC for interior access panels. Gasket interior access 


panels to eliminate air leakage and to retain liquids inside hood.  


9. Gaskets: Provide PVC gasket at interior access panels to eliminate air leakage and 


retain liquids inside hood.  


10. Fasteners: 


a. Exterior structural member attachments: Sheet metal screws, zinc plated. 


b. Interior fastening devices shall be concealed; exposed screws are not 


acceptable. (Screw head “caps” not acceptable). 


c. Exposed exterior fastening devices shall be corrosion-resistant, non-metallic 


material; exposed screws are not acceptable.  


D. Construction: 


1. Design: Fume hoods shall be designed for consistent and safe air flow through the 


hood face opening. Variations of face velocity shall not exceed ±20% of the average 


face velocity at any designated measuring point. 


a. Refer to the Laboratory Equipment Exhaust Schedule on the Laboratory 


Furnishings drawings for the design face velocity requirements for each type 


of fume hood. 
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2. Superstructure: Rigid, self-supporting assembly of double wall construction, 


maximum 4 7/8 inch (124 mm) thick. Wall shall consist of a sheet steel outer shell 


and a corrosion resistant inner liner, and shall house and conceal steel framing 


members, attaching brackets and remote operating service fixture mechanisms and 


services. Panels shall be attached to a full frame construction, minimum 14 gauge 


(2.0 mm) galvanized members. Panels and brackets attached to eliminate screw 


heads and metallic bracketry from hood interior. 


3. Access Panel: Access to fixture valves and piping concealed in wall shall be through 


flush access panels on the inside liner walls, or through removable front posts. 


Panels shall be secured with PVC extruded gasket or tamperproof, epoxy coated, 


countersunk, flat head screws providing a tight fit. Hook and loop type attachments 


and panels held by gravity are not acceptable. 


4. Downdraft bypass: Low resistant type, 18 gauge (1.27 mm) steel chamber; 


directional louvers are not acceptable. All bypass air shall enter top of bypass 


chamber and enter hood in a downflow direction. Chamber shall protect user from 


expelled particulate in the event of an adverse internal reaction. 


5. Baffles: Baffles shall be fixed and non-adjustable. 


6. Ceiling Closure Panels: Panel shall include simple-to-operate means of access to the 


hood lighting fixture without the use of tools. Finish shall match superstructure 


exterior. Closure panel shall conceal view of the sash when the sash is in the open 


position. Provide sash pocket if required to allow correct operation of the bypass.  


a. Provide 18 gauge steel paneled enclosure from top of hood to 2 inches 


above the ceiling.  


b. At locations where there are no finished ceiling, Provide 18 gauge steel 


paneled enclosure from top of hood to 9’0”a.f.f. 


7. Bypass Grille: Low-resistant type 18 gauge steel with upward directional louvers.  


8. Trim and Side Panels: Provide matching steel trim and side panels, as required, to 


finish any openings around and between hoods. Finish shall match superstructure 


exterior. 


9. Finished Back: Provide for any fume hood where back of hood is exposed to view. 


18 gauge steel sheet. Finish shall match superstructure exterior. 


10. Exhaust Duct Collar: 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 9 RFD 


a. Construction: Provide Type 316L stainless steel, minimum 18-gauge, duct 


collar with 1-½-inch (38 mm) to 2-inch (50 mm) extension above top of fume 


hood with butt joint termination suitable for welding. Duct collar design shall 


be bell-mouthed for round or contoured design for rectangular to provide 


lower static pressure drop and improved noise performance. Duct collar shall 


be integral to fume hood construction, factory-installed, and welded or 


permanently sealed airtight to hood. 


b. Configuration: For collar size and quantity, refer to Laboratory Equipment 


Exhaust Schedule on the Laboratory Furnishing drawings. 


11. Exhaust Duct Transition Piece: Furnished by the fume hood manufacturer for 


installation by the mechanical contractor. Provide contoured Type 316L stainless 


steel, minimum 18-gauge, exhaust duct transition piece to connect to the fume 


hood exhaust duct collar and Laboratory exhaust duct system as shown on the 


Mechanical Drawings. Provide butt joint terminations suitable for welding. Note: 


Transition Piece is not required where hood exhaust duct collar has been provided 


per the Laboratory Equipment Exhaust Schedule.  


12. Cup Sink: 


a. Oval with raised rim, material and color to match work surface, sizes in 


accordance with drawings. Comply with Section 115343 requirements. 


b. Raised Rim Height: ½ inch (12.7 mm). 


13. Piping shall be as specified in Division 22 for respective system. 


14. Service Fittings: As shown on Laboratory Furnishings Drawings and specified in 


Section 115343, factory-installed and complete with all gaskets, grommets and 


sleeves. No additional holes in fume hood side posts shall be provided for services 


beyond those required by the construction documents. 


15. Alarm: Coordinate cut out for fume hood alarm to be provided under Division 23. 


All cut outs for alarm shall be made in the factory; field cutting is not acceptable. 


a. Locate at 48 inches or below for all Accessible designated fume hoods.  


16. Electrical: 


a. Pre-Wiring: All fume hood electrical devices shall be factory-installed and 


wired to a junction box located on top of the hood. Comply with Division 26 


requirements for electrical work. 
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1). Fume hood receptacles shall be wired such that no more than two 


duplex outlets and the hood lighting are wired through a single circuit. 


b. Receptacles: Flush mounted, 125V / 20A / 60Hz duplex type, single gang, 


NEMA 5-20R, 3-wire, grounding type receptacle, one or two per side, or as 


indicated on the Laboratory Furnishings Drawings, with brushed stainless 


steel cover plate. Each side of the fume hood shall have a GFCI receptacle 


with feed-through protection of any downstream receptacles.  


17. Interior Hood Lighting: 


a. Lighting within the hood shall be provided by a UL approved, protected, 


vapor-proof, fluorescent light fixture with two lamps (32W T8, electronic 


ballast, rapid start) operated by an exterior switch with a stainless steel 


cover plate.  


1). Lamp size shall not exceed 48 inches; provide multiple light fixtures for 


hoods wider than 72 inches. 


b. Provide safety glass panel cemented and sealed to the hood roof.  


c. Light level: Average light level on the work surface shall be 80 foot-candles, 


minimum. 


18. Safety label: Provide self-adhesive polyester label, as described on the Laboratory 


Furnishing drawings. Labels shall indicate safe operating conditions with respect to 


fume hood sash position. Labels solely indicating 100 fpm face velocity sash 


position are not acceptable.  


a. Manufacturer: Lab Safety Supply Inc., P.O. Box 1368, Janesville, WI 53547 


Tel: 800 356-0783, or approved substitution. 


b. Model No. 156. 


19. Hood Finish: As specified elsewhere in this Section. 


20. Exterior Color: As selected by Architect from manufacturer's full color line and 


complying with finish requirements. 


21. Lattice Rod Assemblies: Provide where indicated on the drawings. Refer to Section 


11 53 10. 


22. Pass-through: Provide 3 inch I.D. pass-through in fume hood sidewall where 


indicated on the Laboratory Furnishing drawings. Pass-through shall be flanged and 
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sealed on the interior of the fume hood, with a threaded end and cap on the 


exterior.  


23. Horizontal Safety Shield: Where indicated on the drawings, provide 16 ¼ inch (413 


mm) wide, ¼ inch (6.35 mm) clear polycarbonate sheet suspended from above on 


stainless steel overhead rolling track (friction type not acceptable) designed for one 


finger operation. Provide rubber bumper stops for safety shields. Refer to fume 


hood schedule on Laboratory Furnishings drawings for size and quantity of safety 


shields. 


24. Camera: Provide Ken-A-Vision model Video Flex 5400 Fume Hood Camera, or 


approved substitution. Holes shall be pre-drilled by the fume hood manufacturer, 


and minimized to prevent leakage. Camera shall be installed in the field on the side 


of the fume hood interior. Route camera USB cable inside the fume hood post to 


the top of the fume hood and connect to data/USB connection. Provide gasket or 


seal at all penetrations. Refer to Laboratory Furnishings drawings for fume hoods 


with cameras.  


E. Bench Mounted Chemical Fume Hoods: 


1. Style: General purpose. 


a. Subject to compliance with the requirements listed below, acceptable 


models include:  


1). Eliminator Series Fume Hoods by Air Master Systems Corporation.  


2). APEX-Air GP Series by CiF Lab Solutions L.P. 


3). Isolator Bench Fume Hood by Jamestown Metal Products, Inc. 


4). Supreme LV Fume Hood by Kewaunee Scientific Corporation. 


5). Protector XL Benchtop Laboratory Hood by Labconco Corporation.  


6). Pro Restricted Bypass Bench Fume Hood by Mott Manufacturing 


Limited. 


2. Exterior depth: 34 1/2 inches, maximum.  


3. Interior depth: 23 1/2 inches clear at 1 inch above the work surface, minimum.  


4. Design: 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 12 RFD 


a. Restricted bypass fume hoods for variable air volume or constant volume 


exhaust systems with airfoil. Bypass shall be sufficient in size to allow 25% 


flow with sash closed. Bypass must be achieved through low resistance 


opening at top of front lintel panel. Bypass shall be designed to provide a 


smooth down flow effect. 


b. Fume hoods shall be designed to operate safely at face velocities of 100 feet 


per minute (0.51 m/s) to 125 feet per minute (0.64 m/s). 


5. Work Surface: 1 ¼ inch (32 mm) dished epoxy resin, in compliance with Section 


115310 requirements. Color: Black. 


6. Airfoil: The airfoil shall allow ample room for electrical hospital grade cords to fit 


beneath the airfoil. Sill must pivot forward to provide cord and trough access. 


Bottom horizontal foil shall provide nominal 1 inch (25.4 mm) bypass when sash is 


in the closed position. Bottom foil shall not be removable without use of special 


tools. Airfoil shall be steel with urethane or epoxy powder coating. 


a. Sill shall consist of a half-round bullnose on front edge. The air foil and sill 


shall be flush with the height of the work surface; airfoil sills that are not 


flush with the top plane of the work surface dish are not acceptable. A 


secondary containment trough shall be located in front of the work surface 


and extend below the airfoil sill. 


7. Fume hood sash (Vertical): Full-view, frameless type with clear, unobstructed, side-


to-side view of fume hood interior and service fixture connections. Sash to have a 


35 inch (890 mm), nominal, sight line.  


a. Sash Opening: Refer to the Laboratory Equipment Exhaust Schedule on the 


Laboratory Furnishings drawings for vertical access height clearance. 


b. Split Sashes: Refer to the Laboratory Equipment Exhaust Schedule on the 


Laboratory Furnishings drawings for the quantity of vertical rising sashes. At 


fume hoods where 2 vertical sashes are indicated, provide a sash guide that 


retracts when both sashes are raised. A fixed post between sashes is not 


acceptable.  


c. Counter balance system: Single weight, counter balance system to prevent 


sash tilting and permit ease of operation at any point along full width pull. 


Maximum 7 pounds (3 kg) pull required to raise or lower sash throughout its 


full length of operating sash opening. Design system to hold sash at any 
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position without creep and to prevent sash drop in the event of suspension 


system failure.  


d. Sash Opening: Refer to the Laboratory Equipment Exhaust Schedule on the 


Laboratory Furnishings drawings for vertical access height clearance. 


e. Sash Stop: To allow manual override with automatic reset for an 18 inch 


(457 mm) sash opening. Either of the following devices are acceptable: 


1). Corrosion-resistant, spring-loaded lever handle integrated with sash 


track and fume hood side post.  


2). Stainless steel spring-loaded barrel-bolt integrated with sash pull and 


provided with angled stainless steel strike plate.  


F. Finish Requirements 


1. Preparation: 


a. After the units have been completely welded together and before finishing, 


they shall be given a pre-paint treatment to provide excellent adhesion of 


the finish to the metal and to aid in the prevention of corrosion. Physical and 


chemical cleaning of the metal shall be accomplished by washing with an 


alkaline cleaner, followed by a spray treatment with a heated 


cleaner/phosphate solution and pretreated with iron phosphate spray 


followed by a neutral final seal prior to application of final finish. The 


strength of each solution shall be monitored by filtration to insure consistent 


quality. 


b. All treated parts shall be immediately dried in heated ovens and gradually 


cooled before application of the finish. Treated metal parts shall be clean 


and properly prepared to provide optimum adhesion of finish and resistance 


to corrosion. 


2. Application: Electrostatically apply powder coat of selected color and bake in 


controlled high temperature oven to assure a smooth, hard satin finish. Surfaces 


shall have a chemical resistant, high grade laboratory furniture quality finish of the 


following thicknesses: 


a. All surfaces, exterior or interior, exposed to view, shall receive sufficient 


powder coat to achieve an average 1.5 mil (38 µm) film thickness with a 


minimum 1.2 mil (30 µm) film thickness and shall have smooth satin luster. 
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b. Backs of cabinets and other surfaces not exposed to view shall have 


sufficient powder coat to achieve an average 1.0 mil (25 µm) film thickness. 


c. Concealed interior parts shall receive corrosion-resistant treatment. 


d. Stainless steel parts and surfaces shall not be powder coated. 


3. Chemical Resistance Finish Performance Requirements: 


a. Test Procedure: Apply 10 drops (approximately 0.5 cubic centimeters) of 


each reagent identified to the surface of the finished test panels laid flat and 


level on a horizontal surface. Ambient temperature: 68°F to 72°F (20°C to 


22°C). After one hour flush away chemicals with cold water and wash surface 


with detergent and warm water at 150°F (65.5°C) and with alcohol to 


remove surface stains. Examine surface under 100 foot-candles (1076 lux) of 


illumination. 


b. Evaluation Ratings: Change in surface finish and function shall be described 


by the following ratings: 


0 No effect No detectable change in the material surface. 


1 Excellent Slight detectable change in color or gloss but no 


change in function or life of the surface. 


2 Good A clearly discernable change in color or gloss but 


no significant impairment of surface life or 


function. 


3 Fair Objectionable change in appearance due to 


discoloration or etch, possibly resulting in 


deterioration of function over an extended period 


of time. 


4 Failure Pitting, cratering, or erosion of the surface. 


Damage to film and loss of adhesion and film 


protection. Obvious and significant deterioration. 


4. Performance requirements: Test results for powder coat finish shall equal or 


exceed the following: 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 15 RFD 


Reagent % by weight Rating 


Acetic acid 50% 1 


Acetic acid, glacial 98% 1 


Acetone 50% 2 


Ammonium hydroxide 25% 1 


Amyl acetate  1 


Benzene  1 


Butyl alcohol  1 


Carbon tetrachloride  1 


Cresol  1 


Dimethyl formamide  2 


Dioxane  2 


Ethyl alcohol  1 


Ethyl acetate  2 


Ethyl ether  1 


Formaldehyde  1 


Furfural  2 


Gasoline  1 


Glycerin  1 


Hydrochloric acid 10% 1 


Hydrochloric acid 20% 1 


Hydrochloric acid 37% 1 


Hydrofluoric acid 48% 2 
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Reagent % by weight Rating 


Hydrogen peroxide 30% 1 


Kerosene  2 


Methyl alcohol  1 


Methyl ethyl ketone  2 


Monochlorobenzene  1 


Naphthalene (dissolved in Toulene)  2 


Nitric acid 10% 1 


Nitric acid 30% 1 


Phenol 85% 2 


Phosphoric acid 25% 1 


Phosphoric acid 75% 1 


Potassium hydroxide 45% 1 


Silver nitrate (10% aqueous solution)  1 


Sodium carbonate, saturated  1 


Sodium chloride, saturated  1 


Sodium hydroxide 40% 1 


Sodium hydroxide 50% 1 


Sodium hypochlorite 5.25% 1 


Sodium sulfide, saturated  1 


Sulfuric acid 50% 1 


Sulfuric acid 70% 1 


Tincture of Iodine  2 
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Reagent % by weight Rating 


Toulene  1 


Trichloroethylene  2 


Xylene  1 


Zinc chloride, saturated  1 


Note: Maximum concentration is to be understood unless a lower 


concentration is shown in the table.  


a. Physical Tests: 


1). Abrasion: Finish shall have high abrasion resistance with maximum 


weight loss of 5.5 mg per 100 cycles as tested on a Taber Abrasion 


Tester No. E40101 with 1000 gm wheel pressure and Calibrase No. 


CS10 wheel. 


2). Hardness: Finish shall have surface hardness equivalent to 4H or 5H 


pencil lead. 


3). Humidity: Finish shall withstand 1000 hours exposure in saturated 


atmosphere at 100°F (38°C). 


4). Moisture: Finish shall withstand the following procedures with no 


visible effect: 


a). Boiling water flowing over 45 degree inclined surface for 5 


minutes. 


b). 100 hours continuous contact with water-soaked cellulose 


sponge, maintained in a wet condition throughout test. 


5). Adhesion: Finish shall withstand the following test procedure with at 


least 95 squares maintaining their finish. Using a razor blade, score the 


finish surface of the test panel through to the substrate with a pattern 


of 100 squares, each 1/16 inch x 1/16 inch. Brush away loose particles 


with a soft brush. 


6). Salt spray: Finish shall withstand 200 hours exposure to salt spray test. 


G. Fume Hood Liner Test: Polyresin 
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1. Test No. 1: Spills and Splashes: 


a. Suspend a 42 inches (1067 mm) x 12 inches (305 mm) panel (42 inch (1067 


mm) dimension horizontal) in a position to expose the surface to be tested in 


a vertical plane. Divide the panel vertically into 3/4 inch (19 mm) spaces. 


b. Using an eyedropper, apply five drops of each reagent as listed. 


c. Liquid reagents shall be applied at the top of the panel and permitted to flow 


down full panel height. (CAUTION! Flush away any reagent drops.) 


2. Test No. 2: Fumes and Gases: 


a. Prepare a panel 24 inches (610 mm) x 12 inches (305 mm) by dividing panel 


into 2 inch (51 mm) squares. Using 100 ml beakers, place 25 ml 


(approximately 1/2 inch (13 mm) of reagent) into each beaker. Place beakers 


in position so that test panel may be placed over beaker tops in the proper 


sequence. Place panel over beakers. Note: Beaker pouring lip permits 


atmospheric oxygen to enter and participate in the reaction of the reagent 


fumes. 


b. After a 24 hour time period has elapsed, remove panel, flush off with water, 


clean with naphtha and detergent, rinse and wipe dry. Evaluate. 


3. Evaluating Ratings: 


0 No effect No detectable change in the material surface. 


1 Excellent Slight detectable change in color or gloss but no change in 


function or life of the surface. 


2 Good A clearly discernable change in color or gloss but no 


significant impairment of surface life or function. 


3 Fair Objectionable change in appearance due to discoloration 


or etch, possibly resulting in deterioration of function over 


an extended period of time. 


4 Failure Pitting, cratering, or erosion of the surface. Obvious and 


significant deterioration. 


4. Performance: Test results shall equal or exceed the following: 
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Reagent % by wt. Spills Fumes 


Acetic acid, glacial  0 0 


Acetone  0 0 


Acid dichromate  1 1 


Ammonium hydroxide 28% 0 0 


Amyl acetate  0 0 


Benzene  0 0 


Butyl alcohol  0 0 


Carbon tetrachloride  0 0 


Chloroform  0 0 


Chromic acid, saturated  3 0 


Cresol  0 0 


Dichloro acetic acid 93% 0 0 


Dimethyl formamide   0 0 


Dioxane  0 0 


Ethyl acetate  0 0 


Ethyl alcohol  0 0 


Ethyl ether  0 0 


Formaldehyde 37% 0 0 


Formic Acid 88% 0 0 


Furfural  2 0 


Gasoline  0 0 


Hydrochloric acid 48% 1 1 
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Reagent % by wt. Spills Fumes 


Hydrofluoric acid 37% 0 0 


Hydrogen peroxide 30% 0 0 


Methyl alcohol  0 0 


Methyl ethyl ketone  0 0 


Methylene chloride  0 0 


Monochlorobenzene  0 0 


Naphthalene  0 0 


Nitric acid 20% 0 0 


Nitric acid 30% 0 0 


Nitric acid 70% 0 0 


Phenol  85% 0 1 


Phosphoric acid 85% 1 0 


Silver Nitrate 10% 1 0 


Sodium Hydroxide 10% 1 0 


Sodium Hydroxide 20% 1 0 


Sodium Hydroxide 40% 1 0 


Sodium Hydroxide Flake  0 0 


Sodium Sulfide, saturated  2 1 


Sulfuric acid 33% 1 0 


Sulfuric acid 77% 1 0 


Sulfuric acid 93% 1 0 


Sulfuric acid/Nitric acid, equal parts 77%/70% 0 1 
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Reagent % by wt. Spills Fumes 


Tincture of Iodine  0 2 


Trichloroethylene  0 0 


Toluene  0 0 


Xylene  0 0 


Zinc Chloride  0 0 


Note: Maximum concentration is to be understood unless a lower 


concentration is shown in the table.  


2.3 CLEAN ROOM FUME HOODS (ACID) 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. NuAire, Inc., 2100 Fernbrook Lane, Plymouth, MN 55447 Tel: 800 328-3352. 


2. Approved substitution (no known equal). 


B. Style: Vertical laminar flow polypropylene fume hood, console type with vented base 


storage cabinets, appropriate for trace metals analysis; designed for personnel and 


product protection. 


1. Design: 


a. Single pass flow through (total exhaust) in which all HEPA filtered downflow 


work zone air and open sash inflow air is drawn into an exhaust plenum 


under the work surface via front perforated grilles and rear wall exhaust 


baffles. All exhausted air is collected and routed up a rear duct/exhaust 


ductwork for connection to the laboratory exhaust air system. 


C. Basis for design: NuAire FumeGard NU-156, or equal, as specified herein. 


1. Interior Depth: 30 inches (760 mm). 


a. Design fume hoods for consistent and safe air flow through the hood face. 


Negative variations of face velocity shall not exceed 20% of the average face 


velocity at any designated measuring point as defined in this section. 
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1). Fume hoods shall be designed to operate safely at face velocities of 


100 feet per minute (0.51 m/s) for an 18 inch (457 mm) sash opening. 


2. Materials: 


a. Polypropylene: 100%, flame retardant, stress-relieved, white polypropylene 


with seam welded construction unless otherwise noted. 


1). Sink for pure water use shall be constructed of stress-relieved, white 


polypropylene with seam welded construction (without flame 


retardant additives). 


b. Viewscreen: ¼ inch polycarbonate with Marguard. Viewscreen shall not be 


etched with manufacturer’s name, logo, or any other permanent markings. 


c. Fasteners: All exposed fasteners shall be non-metallic. 


3. Construction: 


a. Exposed surfaces shall be metal-free construction. 


b. The cabinet shall be constructed to permit maintenance to be performed 


from the front of the cabinet. 


c. Shell and base cabinet: 


1). Fully seam welded ½ inch (12.7 mm) polypropylene, with flush access 


panels, and ¼ inch (6.35 mm) polypropylene doors.  


2). Base storage cabinets shall be an integral part of the cabinet 


construction with hinged swing door access. Provide pull-out fully 


welded storage tray with heavy duty corrosion resistant glides. 


3). Provide a plenum under the work surface constructed of ½ inch 


polypropylene and sloped toward the rear to effect 100% drainage. A 


½ inch polypropylene ball valve shall be provided to drain the plenum 


into the base cabinet large storage area for continuation to laboratory 


waste/vent system. Vent tubes shall be provided from the storage 


area to the exhaust plenum. 


4). All cabinet seals/access panels and positive pressure plenums shall be 


held at vacuum or be surrounded by a vacuum under all operating 


conditions to absolutely preclude leaks to the ambient. 
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5). Access Panels: Flush access panels of ¼ inch (6.35 mm) polypropylene 


shall be provided for service access to piping, and sash components. 


Access panels shall be attached with non-metallic fasteners. 


6). Provide leg levelers. 


d. Fume hood sash (Vertical): Full-view, frameless type with clear, 


unobstructed, side-to-side view of fume hood interior and service fixture 


connections.  


1). Counter balance system: Single PVC weight, polypropylene cable 


(rope) and PVC pulleys, counter balance system to prevent sash tilting 


and permit ease of operation at any point along full width pull. 


Maximum 7 pounds (3 kg) pull required to raise or lower sash 


throughout its full length of operating sash opening. Design system to 


hold sash at any position without creep and to prevent sash drop in 


the event of suspension system failure. 


2). Sash Opening: Refer to the Laboratory Equipment Exhaust Schedule 


on the Laboratory Furnishings drawings for vertical access height 


clearance. 


3). Sash Stop: To allow manual override with automatic reset for an 18 


inch (457 mm) sash opening. 


4). Airfoil: Sill shall be radiused or chamfered on front edge.  


e. View screen: 


1). PVC screen wiper. 


f. Work surface: See details for work deck segment types. 


1). Perforated ½ inch polypropylene, removable. 


2). Solid, ½ inch polypropylene, removable except where a sink is 


installed. 


4. Ventilation: 


a. HEPA Filter/Blower: 
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1). Provide polypropylene blower/HEPA filter module. Blower shall have 


PTFE-coated, backward-inclined, high-capacity, motorized impeller, 


including PTFE hardware. 


2). Provide PVC supply diffuser. 


3). The blower/motor shall automatically compensate for airflow as the 


filter loads with particulate to achieve a fan delivery fall off of no more 


than10 percent for an 80 percent increase in pressure drop across the 


filter.  


4). Filter: 


a). Metal-free (ie. no aluminum) separatorless supply 99.99% 


effective HEPA filter at 0.3 µm particles. 


b). Filter shall be front-loading without requiring viewscreen 


removal. 


b. Exhaust Collar: Provide ¼ inch (6.35 mm) round polypropylene exhaust collar 


with ANSI pattern bold flange, including transition piece if necessary, to 


connect to circular exhaust duct by Division 23. 


c. Exhaust: Refer to Exhaust Schedule on drawings. 


5. Piped Services and Fixtures: 


a. Piping: All piping lines shall be housed in a plumbing chase formed by the 


outer cabinet wall and inter-cabinet work space. Piping material shall be as 


specified for the respective systems under Division 22. Piping shall be pre-


piped to a point of connection 6 inches above the hood. 


b. PFA Tubing System: Except for the general service sink drains and for plenum 


drains, all process utilities (both high-purity and non-rated services) shall be 


distributed from point-of-service connection to point-of-use in 100% virgin, 


high purity, high molecular weight, Teflon PFA (perfluoroalkoxy resin) tubing, 


fittings and connectors, which conform to ASTM D3307. 


6. Service Fittings: Factory-installed and complete with all gaskets, grommets and 


sleeves. 


a. Sink: Pure water gooseneck and needle control valve shall be PVDF, PFA, or 


PTFE wetted parts. 
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b. DI Spray Gun: Non-recirculating design; PFA or PTFE wetted parts; ¼-inch 


coiled PFA tubing; Entegris or equal. 


c. Nitrogen Spray Gun: ¼-inch coiled PFA tubing; RFA, PTFE, and polyethylene 


wetted parts with replaceable 0.5 micron PTFE filter membrane; Entegris or 


equal. 


7. Control/Alarm Panel: 


a. Cabinet controls shall be mounted at eye level in a single, easily removable 


control panel. 


b. Alarm: Coordinate location for fume hood alarm to be provided under 


Division 23. All necessary cut outs for alarm shall be made in the factory; 


field cutting is not acceptable. 


c. Control Features (minimum requirements): 


1). Blower motor switch. 


2). Reset switches for circuit breakers (receptacles and blower). 


3). Adjustable motor speed control. 


4). Light switch. 


8. Electrical: 


a. Electrical Junction Box: Provide PVC electrical junction box at the top of the 


hood. 


b. General: 


1). Electrical distribution shall be designed for 208vac/3-phase/30-amp 


supply circuit to be distributed to individual electrical circuits specified 


herein. Each circuit shall have separate protection with a circuit 


breaker. 


2). Cabinet shall be internally wired with the following circuits (minimum 


requirements): 


a). One circuit for the blower motor(s) and lighting. 


b). One 120vac/1-phase/20-amp circuit for the electrical 


receptacles. 
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c). One 120vac/1-phase/20-amp spare circuit for future Owner 


installed equipment. 


c. Electrical Receptacles: 


1). Receptacles shall have a non-metallic, corrosive resistant, vapor tight 


gasketed cover, sealed in place with a gasketed screw, and have 


removable plastic insert to seal outlet contacts when not in use. 


d. Interior Hood Lighting: 


1). Lighting within hood shall be provided by a serviceable, UL approved, 


protected LED light fixture with two lamps operated by an exterior 


switch with non-metallic cover plate. Lamp size shall not exceed 48 


inches; provide multiple fixtures as required. 


2). Provide Lexan® panel cemented and sealed to the hood roof. Panel 


shall have amber/gold UV filter to filter wavelengths below 500nm. 


3). Light level: Average light level on the work surface shall be 80 foot 


candles (860 lux), minimum. 


9. Safety label: Provide self-adhesive polyester label, as described on the drawings. 


Labels shall indicate safe operating conditions with respect to fume hood sash 


position. Labels solely indicating 100 fpm face velocity sash position are not 


acceptable. Manufacturer: Lab Safety Supply Inc., P. O. Box 1368, Janesville, WI 


53547 Tel: 800 356-0783, or approved substitution. 


D. Required Options: 


1. Magnehelic gauge to monitor supply filter. 


2. Seismic restraints. 


2.4 CLEAN ROOM FUME HOODS (SOLVENT) 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be the provided by a 


single manufacturer. 


1. NuAire, Inc., 2100 Fernbrook Lane, Plymouth, MN 55447 Tel: 800 328-3352. 


2. Approved substitution (no known equal). 
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B. Style: Vertical laminar flow polypropylene fume hood, console type with vented base 


storage cabinets; designed for personnel and product protection. 


1. Design: 


a. Single pass flow through (total exhaust) in which all HEPA filtered downflow 


work zone air and open sash inflow air is drawn into an exhaust plenum 


under the work surface via front perforated grilles and rear wall exhaust 


baffles. All exhausted air is collected and routed up a rear duct/exhaust 


ductwork for connection to the laboratory exhaust air system. 


C. Basis for design: NuAire  NU-S121, or equal, as specified herein. 


1. Interior Depth: 30 inches (760 mm). 


a. Design fume hoods for consistent and safe air flow through the hood face. 


Negative variations of face velocity shall not exceed 20% of the average face 


velocity at any designated measuring point as defined in this section. 


1). Fume hoods shall be designed to operate safely at face velocities of 


100 feet per minute (0.51 m/s) for an 18 inch (457 mm) sash opening. 


2. Materials: 


a. Stainlesss steel fully welded construction. 316L Stainless steel for work deck. 


304 stainless steel elsewhere. 


b. Viewscreen: ¼ inch polycarbonate with Marguard. Viewscreen shall not be 


etched with manufacturer’s name, logo, or any other permanent markings. 


c. Fasteners: All exposed fasteners shall be stainless steel 


3. Construction: 


a. The cabinet shall be constructed to permit maintenance to be performed 


from the front of the cabinet. 


b. Shell and base cabinet: 


1). Base storage cabinets shall be an integral part of the cabinet 


construction with hinged swing door access. Provide pull-out fully 


welded storage tray with heavy duty corrosion resistant glides. 


2). Provide a plenum under the work surface constructed of stainless 


steel and sloped toward the rear to effect 100% drainage. A ½ inch ball 
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valve shall be provided to drain the plenum into the base cabinet large 


storage area when needed. Drain shall not be permanently plumbed 


for drainage to building systems. Vent tubes shall be provided from 


the storage area to the plenum. 


3). All cabinet seals/access panels and positive pressure plenums shall be 


held at vacuum or be surrounded by a vacuum under all operating 


conditions to absolutely preclude leaks to the ambient. 


4). Access Panels: Flush access panels of shall be provided for service 


access to piping, and sash components. Access panels shall be 


attached with fasteners. 


5). Provide leg levelers. 


c. Fume hood sash (Vertical): Full-view, frameless type with clear, 


unobstructed, side-to-side view of fume hood interior and service fixture 


connections.  


1). Counter balance system: Single weight, cable (rope) and  pulleys, 


counter balance system to prevent sash tilting and permit ease of 


operation at any point along full width pull. Maximum 7 pounds (3 kg) 


pull required to raise or lower sash throughout its full length of 


operating sash opening. Design system to hold sash at any position 


without creep and to prevent sash drop in the event of suspension 


system failure. 


2). Sash Opening: Refer to the Laboratory Equipment Exhaust Schedule 


on the Laboratory Furnishings drawings for vertical access height 


clearance. 


3). Sash Stop: To allow manual override with automatic reset for an 18 


inch (457 mm) sash opening. 


4). Airfoil: Sill shall be radiused or chamfered on front edge.  


d. View screen: 


1). PVC screen wiper. 


2). Access Opening Alarm: Provide audible alarm to sound when 


viewscreen is opened above 12 inches (130 mm). 


e. Work surface: See details for work deck segment types. 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 29 RFD 


1). Perforated 316L stainless steel, removable. 


2). Solid, 316L stainless steel, removable. 


4. Ventilation: 


a. HEPA Filter/Blower: 


1). Provide blower/HEPA filter module. Blower shall have PTFE-coated, 


backward-inclined, high-capacity, motorized impeller, including PTFE 


hardware. 


2). Provide stainless steel supply diffuser. 


3). The blower/motor shall automatically compensate for airflow as the 


filter loads with particulate to achieve a fan delivery fall off of no more 


than10 percent for an 80 percent increase in pressure drop across the 


filter.  


4). Filter: 


a). Separatorless supply 99.99% effective HEPA filter at 0.3 µm 


particles. 


b). Filter shall be front-loading without requiring viewscreen 


removal. 


b. Exhaust Collar: Provide ¼ inch (6.35 mm) round polypropylene exhaust collar 


with ANSI pattern bold flange, including transition piece if necessary, to 


connect to circular exhaust duct by Division 23. 


c. Exhaust: Refer to Exhaust Schedule on drawings. 


5. Piped Services and Fixtures: 


a. Piping: All piping lines shall be housed in a plumbing chase formed by the 


outer cabinet wall and inter-cabinet work space. Piping material shall be as 


specified for the respective systems under Division 22. Piping shall be pre-


piped to a point of connection 6 inches above the hood. 


b. PFA Tubing System: Except for the general service sink drains and for plenum 


drains, all process utilities (both high-purity and non-rated services) shall be 


distributed from point-of-service connection to point-of-use in 100% virgin, 







SAN DIEGO STATE UNIVERSITY SECTION 115313 


EIS COMPLEX FUME HOODS AND OTHER AIR CONTAINMENT UNITS 


CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 


ACM W.O. NO. 2014307 


SEPTEMBER 23, 2016 


 115313 - 30 RFD 


high purity, high molecular weight, Teflon PFA (perfluoroalkoxy resin) tubing, 


fittings and connectors, which conform to ASTM D3307. 


6. Service Fittings: Factory-installed and complete with all gaskets, grommets and 


sleeves. 


a. Nitrogen Spray Gun: ¼-inch coiled PFA tubing; RFA, PTFE, and polyethylene 


wetted parts with replaceable 0.5 micron PTFE filter membrane; Entegris or 


equal. 


7. Control/Alarm Panel: 


a. Cabinet controls shall be mounted at eye level in a single, easily removable 


control panel. 


b. Alarm: Coordinate location for fume hood alarm to be provided under 


Division 23. All necessary cut outs for alarm shall be made in the factory; 


field cutting is not acceptable. 


c. Control Features (minimum requirements): 


1). Blower motor switch. 


2). Reset switches for circuit breakers (receptacles and blower). 


3). Adjustable motor speed control. 


4). Light switch. 


8. Electrical: 


a. Electrical Junction Box: Provide PVC electrical junction box at the top of the 


hood. 


b. General: 


1). Electrical distribution shall be designed for 208vac/3-phase/30-amp 


supply circuit to be distributed to individual electrical circuits specified 


herein. Each circuit shall have separate protection with a circuit 


breaker. 


2). Cabinet shall be internally wired with the following circuits (minimum 


requirements): 


a). One circuit for the blower motor(s) and lighting. 
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b). One 120vac/1-phase/20-amp circuit for the electrical 


receptacles. 


c). One 120vac/1-phase/20-amp spare circuit for future Owner 


installed equipment. 


c. Electrical Receptacles: 


1). Receptacles shall have a non-metallic, corrosive resistant, vapor tight 


gasketed cover, sealed in place with a gasketed screw, and have 


removable plastic insert to seal outlet contacts when not in use. 


d. Interior Hood Lighting: 


1). Lighting within hood shall be provided by a serviceable, UL approved, 


protected LED light fixture with two lamps operated by an exterior 


switch with non-metallic cover plate. Lamp size shall not exceed 48 


inches; provide multiple fixtures as required. 


2). Provide Lexan® panel cemented and sealed to the hood roof. Panel 


shall have amber/gold UV filter to filter wavelengths below 500nm. 


3). Light level: Average light level on the work surface shall be 80 foot 


candles (860 lux), minimum. 


9. Safety label: Provide self-adhesive polyester label, as described on the drawings. 


Labels shall indicate safe operating conditions with respect to fume hood sash 


position. Labels solely indicating 100 fpm face velocity sash position are not 


acceptable. Manufacturer: Lab Safety Supply Inc., P. O. Box 1368, Janesville, WI 


53547 Tel: 800 356-0783, or approved substitution. 


D. Required Options: 


1. Magnehelic gauge to monitor supply filter. 


2. Seismic restraints. 


2.5 FUME EXTRACTOR ARMS (SNORKELS) 


A. Manufacturers: Products complying with this specification may be provided by the 


following manufacturers. All products specified in this section shall be provided by a 


single manufacturer. 
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1. Alsident System represented by Laboratory Enterprises, 3122 Brinkerhoff Road, 


Kansas City, KS 66115 Tel: 913 621-7337. 


2. Movex Inc., 104 Commerce Drive, Suite C, Northampton, PA 18067 Tel: 610 440-


0478. 


3. Nederman Inc., 39115 West Warren Road, Westland, MI 48185 Tel: 800-575-0609. 


4. Approved substitution. 


B. Models: Subject to compliance with the requirements listed below, acceptable models 


include:  


1. System 75 by Alsident System.  


2. Terfu by Movex Inc. 


3. FX Extractor Arms by Nederman Inc.  


C. Type: Ceiling mounted, self-supporting fume extractor arm. 


D. Characteristics: 


1. Extractor Arm Diameter:  


a. 4 inch diameter tubes.  


2. Extractor Arm Material: 


a. Anodized aluminum.  


3. Arm Length: Arms shall be of sufficient length to cover an 18 inch radius area at 48 


inches above the finished floor.  


a. Assembly shall be positioned so that no component is lower than 90 inches 


above the finished floor.  


4. Swivel Assembly: Hi-grade cast aluminum with 360 degree rotation. 


5. Joints: Friction joints with ball bearings and O-ring.  


a. Provide external, corrosion-resistant adjustment knobs.  


6. Hood (ESD): 10 inch diameter, anodized aluminum (ESD).  


7. Ceiling mounted stanchion/bracket for attachment to structure above. 
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8. Escutcheon suitable to trim any ceiling penetrations. 


9. Final connection to the fume exhaust duct system under Division 23. Provide 


airflow per Equipment Exhaust Schedule. 


10. Dampers are not acceptable and shall not be provided.  


2.6 GAS SAFETY CABINET 


A. Manufacturers: Products, which comply with this specification section as judged and 


approved by the Owner’s representative, may be provided by the following 


manufacturers. All products specified in this section shall be the provided by a single 


manufacturer. 


1. Applied Energy Systems, Inc., Malvern, PA 19355 Tel: 610 647-8744. 


2. Matheson Tri-Gas, 2200 Houston Avenue, Houston, TX 77007 Tel: 713 869-7351.  


3. Praxair, Inc., Oak Brook, IL 60521-2216 Tel: 800 772-9247. 


4. Scott Specialty Gases, Inc., Plumsteadville, PA 18949-0310 Tel: 215 766-8861. 


5. Spectra Gases, Inc., Irvington, NJ 07111 Tel: 800 932-0624. 


6. Approved substitution. 


B. Design: 


1. Purpose-designed cylinder gas system cabinet with space for systems that provide 


precise control and purge gas cylinder for total purging capability. 


2. Fire protection: 


a. UL approved sprinkler system. 


3. Door(s): Full-height, self-closing and self-latching door with air intake located at 


bottom. 


4. Air intake: Intake shall provide sufficient free area to limit the total air static 


pressure drop to 0.5 inches w.c. or less, and limit the noise at the air inlet to 45 NC 


measured at 36 inches.  


5. Window: 1-hour fire rated approved, ¼-inch wire reinforced safety glass. 
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6. Cabinet shall be securely braced to fixed structure. Individual cylinders shall be 


braced to cabinet. 


7. Door lock: Cabinet shall be equipped with a keyed lock. All gas safety cabinets shall 


be keyed alike. Furnish two sets of keys for each cabinet. 


8. Venting: Provide 6 inch diameter duct exhaust collar for connection to exhaust duct 


system. Connection to exhaust duct system shall be under Division 23. 


9. Codes and Standards:  


a. Cabinet shall comply with national and local building and fire codes and 


OSHA, NFPA and SEMI standard requirements for the safe handling of 


hazardous gases.  


b. Cabinet shall meet Article 80 UFC requirements.  


c. All electrical components shall meet Class 1 Division 2 requirements. 


10. Accessories 


a. Seismic tie-down kit 


PART 3 - EXECUTION 


3.1 SITE CONDITIONS 


A. Prior to installation of the Work of this Section, carefully inspect the installed Work 


specified in other sections and verify that all such Work is complete to the point where 


this installation may properly commence. 


B. Verify that all Work has been installed in complete accordance with the original design, 


received submittals, and the manufacturer's recommendations. 


C. In the event of discrepancy, immediately notify the Architect. Do not proceed with 


installation in areas of discrepancy until all such discrepancies have been fully resolved. 


3.2 INSTALLATION 


A. Work in this Section requires close coordination with Work specified in Division 22, 


Division 23 and Division 26, as well as installation by Owner of Owner furnished 


components. Coordinate all Work to ensure an orderly process in the Project, without 


removal of previously installed Work, and so as to prevent damage to finishes and 


products. 
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B. Coordinate location and alignment of fume hoods and cabinets for proper connection of 


all piping and duct work. 


C. Install all equipment in accordance with applicable codes and regulations, accepted Shop 


Drawings, and as necessary for a complete operating system. 


3.3 FIELD TESTING 


A. Chemical Fume Hoods: 


1. Fume hood field tests shall be performed by a qualified independent testing 


company on each hood.  


2. All laboratory supply, general exhaust, and fume exhaust HVAC systems shall be 


operational during testing.  


3. Test and certify each fume hood in accordance with ASHRAE Standard 110-1995 for 


Section 6.1 Flow Visualization, Section 6.2 Face Velocity Measurements, Section 6.3 


Test Method for VAV Fume Hoods, Section 6.4 VAV Response Test, and Section 7 


Tracer Gas Test Procedure testing requirements.  


4. Flow Visualization: Fume hood shall provide complete containment of the smoke 


generated within the hood.  


5. Face Velocity Measurements: Fume hoods shall be tested at the design operating 


condition sash opening height indicated in the Chemical Fume Hood Schedule.  


a. Fume hoods shall achieve the scheduled design operating condition average 


face velocity within ±5 fpm.  


b. Individual face velocity readings shall not vary by more than 20% of the 


mean between measurement grid locations.  


6. Test Method for VAV Fume Hoods (Not Applicable to CAV Hoods): Perform this test 


to confirm VAV controls are properly calibrated. Average and individual face 


velocity reading should meet the performance criteria indicated for Section 6.2 


Face Velocity Measurements above.  


7. VAV Response Test (Not Applicable to CAV Hoods): Perform this test to verify VAV 


controls are responding accurately to the opening of the fume hood sash. The time 


it takes from the start of the sash movement until the face velocity stabilizes shall 


be less than 5 seconds.  
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8. Tracer Gas Test Procedure: Fume hoods shall achieve an As-Installed (AI) 


performance rating equal or better than 0.10 ppm with 4.0 Lpm tracer gas release 


rate.  


9. Cross Drafts: Fume hood testing shall also include measuring and documenting the 


vertical and horizontal cross-drafts at the face of the hood. Cross-drafts shall not 


exceed half of the fume hood face velocity.  


10. Balancing of the HVAC systems is in the scope of work of Division 23. 


3.4 CLEANING AND PROTECTION 


A. Repair or remove and replace defective work as approved by the Architect upon 


completion of installation. 


B. Adjust all moving or operating part to function within their design parameters. 


C. Clean equipment, touch up as required. 


D. Protect all units before, during, and after installation. Damaged materials due to improper 


protection shall be cause for rejection. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 and 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Solid-surface-material countertops and backsplashes. 


B. Related Sections: 
1. Section 018113 “Sustainable Design Requirements.” 
2. Section 064115 "Architectural Woodwork" for cabinet bases. 


1.3 ACTION SUBMITTALS 


A. Product Data: For countertop materials. 


B. LEED Submittals: Refer to Section 018113 “Sustainable Design Requirements” for 
additional submittal requirements. 


C. Shop Drawings: For countertops. Show materials, finishes, edge and backsplash profiles, 
methods of joining, and cutouts for plumbing fixtures. 


D. Samples for Initial Selection: For each type of material exposed to view. 


1.4 PROJECT CONDITIONS 


A. Field Measurements: Verify dimensions of countertops by field measurements after base 
cabinets are installed but before countertop fabrication is complete. 


1.5 COORDINATION 


A. Coordinate locations of utilities that will penetrate countertops or backsplashes. 


1.6 REFERENCES 


A. Minimum standards for work in this section shall be in conformity with the “Architectural 
Woodwork Standards (AWS), latest edition, published jointly by the Architectural 
Woodwork Institute, the Architectural Woodwork Manufacturer’s Association of Canada, 
and the Woodwork Institute.  The “Architectural Woodwork Standards” are hereafter 
referred to as the AWS. 


1.7 QUALITY ASSURANCE 


A. Fabricator Qualifications: Certified shop that employs skilled workers who custom-fabricate 
solid surface products similar to those required for this Project and whose products have a 
record of successful in-service performance.  Shop shall be a licensee of WI's Certified 
Compliance Program. Shop shall have not less than 5 years of production experience 
similar to this Project whose qualifications indicate the ability to comply with the 
requirements of this Section.  
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B. Installer Qualifications:  Licensee of WI's Certified Compliance. 


C. Quality Standard:  Unless otherwise indicated, comply with “Architectural Woodwork 
Standards” for grades of interior architectural woodwork indicated for construction, finishes, 
installation, and other requirements. 
1. Before delivery to the jobsite the supplier shall provide a Woodwork Institute 


Certified Compliance Certificate indicating the millwork products being supplied and 
Certifying that these products fully meet the requirements of the Grade or Grades 
specified. 


2. Each solid surface top shall bear a Woodwork Institute Certified Compliance Label. 
3. At completion of installation the installer shall provide a Woodwork Institute Certified 


Compliance Certificate indicating the products installed, and Certifying that the 
installation of these products fully meets the requirements of the Grade or Grades 
specified. 


4. All fees charged by the Woodwork Institute for their Certified Compliance program 
are the responsibility of the manufacturer and/or installer and shall be included in 
their bid. 


5. The Contract Documents contain selections chosen from options in the quality 
standard and additional requirements beyond those of the quality standard.  Comply 
with such selections and requirements in addition to the quality standard. 


D. Mockups: Build mockups to verify selections made under Sample submittals and to 
demonstrate aesthetic effects and set quality standards for materials and execution. 
1. Build mockups of solid surface countertops as part of architectural wood casework 


mockup as part of Section 064000 “Architectural Woodwork.” 
2. Subject to compliance with requirements, approved mockups may become part of 


the completed Work if undisturbed at time of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 SOLID-SURFACE-MATERIAL COUNTERTOPS 


A. Source Limitations: Obtain solid-surface countertops from single source from single 
manufacturer. 


B. Countertops: 3/4-inch thick, solid surface material with front mitered apron of same 
material. 


C. Backsplashes and Endsplashes: 1/2-inch- thick, solid surface material, where indicated on 
Drawings. 
1. Backsplash: Straight, slightly eased at corner. 
2. Endsplash: Matching backsplash, unless noted otherwise. 


D. Fabrication: Fabricate tops in one piece with shop-applied edges and backsplashes unless 
otherwise indicated. Comply with solid-surface-material manufacturer's written instructions 
for adhesives, sealers, fabrication, and finishing. 


2.2 COUNTERTOP MATERIALS 


A. Solid Surface Material: As indicated on Material Finish Schedule on Drawings. 
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B. Certified Wood Materials: Fabricate countertops with wood and wood-based products 
produced from wood obtained from forests certified by an FSC-accredited certification body 
to comply with FSC STD-01-001, "FSC Principles and Criteria for Forest Stewardship." 


C. Particleboard: ANSI A208.1, Grade M-2-Exterior Glue, made with binder containing no 
urea formaldehyde. 


D. Plywood: Exterior softwood plywood complying with DOC PS 1, Grade C-C Plugged, touch 
sanded. 


E. Adhesives: Adhesives shall not contain urea formaldehyde complying with current local air 
quality management district and CalGreen VOC requirements. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Install countertops level to a tolerance of 1/8 inch in 8 feet. 


B. Fasten countertops by screwing through corner blocks of base units into underside of 
countertop. Pre-drill holes for screws as recommended by manufacturer. Align adjacent 
surfaces and, using adhesive in color to match countertop, form seams to comply with 
manufacturer's written instructions. Carefully dress joints smooth, remove surface 
scratches, and clean entire surface. 
1. Install backsplashes and endsplashes to comply with manufacturer's written 


instructions for adhesives, sealers, fabrication, and finishing. 
2. Seal edges of cutouts in particleboard subtops by saturating with varnish. 


END OF SECTION  
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 and 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section includes fixed banquette seating with the following: 
1. Upholstered built-in benches with seat and back padding and fabric. 


B. Related Requirements: 
1. Section 018113 “Sustainable Design Requirements.” 
2. Section "Architectural Woodwork" for wood framing, wood paneling, planks and trim 


supporting upholstered seating. 


1.3 SUBMITTALS 


A. Product Data:   
1. For each type of product indicated.  Include construction details, material 


descriptions, dimensions of individual components and profiles, and finishes for 
seating. 


2. Submit manufacturer's Product Data for applied topical fabric treatments such as fire 
retardant treatments and soil repellent treatments. 


B. LEED Submittals: Refer to Section 018113 “Sustainable Design Requirements” for 
additional submittal requirements. 


C. Samples:  For each type of exposed finish required, prepared on Samples of size indicated 
below: 
1. Upholstery Fabric:  minimum 12 by 12-inches section of fabric from dye lot to be 


used for the Work, with specified treatments applied.  Show complete pattern repeat.  
Mark top and face of fabric. Illustrate finished edge of fabric. 


D. Maintenance Data:  For seating to include in maintenance manuals.  Include the following: 
1. Methods for maintaining upholstery fabric. 
2. Precautions for cleaning materials and methods that could be detrimental to seating 


finishes and performance. 


1.4 QUALITY ASSURANCE 


A. Source Limitations:  Obtain each type of seating required, including accessories and 
mounting components, from single source. 
1. Upholstery Fabric:  Obtain fabric of a single dye lot for each color and pattern of 


fabric required. 


B. Upholstered seating shall meet current air quality management requirements complying 
with California Green Building Standards Code mandatory measures as determined by 
local authorities. 


C. Fire-Test-Response Characteristics of Upholstery Furniture: 
1. Fabric:  Class A, NFPA 260, tested according to California Technical Bulletin 117. 
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2. Padding:  Comply with California Technical Bulletin 117. 
3. Full-Scale Fire Test:  Comply with California Technical Bulletin 133. 
4. ASTM D 3597-02. 


D. Mockups:  Build mockups to verify selections made under sample submittals and to 
demonstrate aesthetic effects and set quality standards for fabrication and installation. 
1. Build mockups for the following types of seating including fabric, finishes, and 


accessories: 
a. Size:  minimum one seating unit at least 48-inches wide and 48-inches in 


length, including attachment to substrates. 
2. Approval of mockups does not constitute approval of deviations from the Contract 


Documents contained in mockups unless Architect specifically approves such 
deviations in writing. 


1.5 WARRANTY 


A. Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of seating that fail in materials or workmanship within specified warranty 
period. 
1. Failures include, but are not limited to, the following: 


a. Wear and deterioration of fabric and stitching beyond normal use. 
2. Warranty Period:  per the General Conditions. 


1.6 EXTRA MATERIALS 


A. Furnish extra materials from the same production run that match products installed and 
that are packaged with protective covering for storage and identified with labels describing 
contents. 
1. Provide fabric from the same color lot as the installed fabric, in factory sealed 


packaging. Provide the greater of 5 percent of each installed color and style of fabric 
or one full box or roll of each color and style. 


PART 2 - PRODUCTS 


2.1 MATERIALS AND FINISHES 


A. Fabrics:  Fabric listed below with flame-retardant treatment and stain repellent finish. 
1. Per Finish Schedule on the Drawings. 
2. Or Equal. 


B. Upholstery Padding / Seat Cushions: 
1. Flexible, cellular, molded or slab polyurethane foam. 
2. 1.8 lbs/cu ft density polyurethane foam. 
3. Wrapped with 1-1/4 oz. polyester fiber and placed into a zippered tick bag and then 


placed into the zippered fabric cover. 
4. Seat backs:  1.5 oz. density foam and covered with polyester fiber. 


C. LEED Materials: Refer to Section 018113 “Sustainable Design Requirements” for 
additional material requirements. 
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2.2 SHOP FABRICATION 


A. Fabricator: 
1. Preferred Upholstery fabricator: 


a. Martin Brattrud, Gardena, CA, 323-770-4171. Contact Allan Stratford. 
b. Or Equal. 


B. Cushions shall be sewn to shapes indicated, in manner consistent with high use 
commercial applications. 


C. Seams shall not be placed on a heavy-wear location of the furniture (such as on the 
centerline of the upper surface of the arms).  Any double needle seam stitching shall be 
tape reinforced. 


D. Sewn Seam Stitching of Non-Woven Fabrics: 
1. Use a #11 leather needle 
2. Use a 1/2-inch seam allowance 
3. Use a "seam" or "binder" tape in the sewn seam. 
4. Use a folded over "C" top stitch. 


E. Square fabric warp and filling (woof and weft) threads and trim to appropriate size before 
cutting. Cut fabrics on thread. Sew in straight lines. 


F. Wood Parts: 
1. Suitable hardwood species.  All woods used shall be kiln dried to a moisture content 


of 6 - 10 percent before machining. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Install seating in locations indicated and fastened securely to substrates according to 
manufacturer's written installation instructions. 
1. Use installation methods and fasteners that produce seating assemblies with 


individual chairs capable of supporting an evenly distributed 600-lb static load 
without failure or other conditions that might impair the chair's usefulness. 


B. Install level, vertical and square; attachment joints shall be hairline, without gaps or 
spaces. 


C. Maximum variation of gaps between any two units: ±1/16 inch. 


3.2 ADJUSTING, CLEANING AND PROTECTION 


A. Fit, align, and adjust installed units level and plumb. 


B. Replace upholstery fabric damaged during installation. 


C. Perform final detailed cleaning, ready for use by Owner. 


D. Provide temporary protection for installed Work. Remove protection prior to occupancy. 
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END OF SECTION 
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PART 1 - GENERAL 


1.1 SUMMARY 


A. The General Conditions and Division - 1 Specification sections apply to the work of this section. 


B. The following documents form part of the Specifications to the extent stated. Where differences exist 
between Codes, Standards, and the Documents, the one affording the greatest protection shall apply. 


C. Sustainable Design Requirements: Provide the Work and submit documentation necessary for 
compliance with specified sustainable requirements. 


D. This Section includes the following: 
1. Fixed Bollards. 
2. Removable Bollards 


1.2 SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. Samples for Initial Selection:  For units with factory-applied color finishes. 


C. Samples for Verification:  For each type of exposed finish required, prepared on Samples of size 
indicated below. 
1. Size:  Not less than 6-inch- long linear components and 4-inch- square sheet components. 


D. Product Schedule:  For site furnishings.  Use same designations indicated on Drawings. 


E. Maintenance Data:  For site furnishings to include in maintenance manuals. 


F. Sustainable Design Submittals  
1. General:  Submit additional LEED submittals required by other Specification Sections.  
2. Credit MR 4: For products having recycled content, documentation indicating percentages by 


weight of postconsumer and preconsumer recycled content. Include statement indicating cost 
for each product having recycled content. 


3. Credit MR 5: Product Certificates for products and materials required to comply with 
requirements for regional materials, certificates indicating location of material manufacturer and 
point of extraction, harvest, or recovery for each raw material. Include statement indicating 
distance to Project, cost for each regional material, and fraction by weight that is considered 
regional. 


1.3 PROJECT CONDITIONS 


A. Site and Drawing Examination: 
1. Any contractor submitting a proposal for this work shall first examine the site of the proposed 


work and all conditions at the site that he may fully understand any facilities, difficulties, and 
restrictions attending the execution of the contract.  No subsequent allowances shall be made 
because of omission, error, or negligence, in connection with this provision. 
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1.4 QUALITY ASSURANCE 


A. Source Limitations:  Obtain site furnishing(s) through one source from a single manufacturer. 


B. Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of the 
Work. 


C. Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction.  Obtain necessary approvals 
from all such authorities. 


1.5 WARRANTY 


A. Special Warranty:   
1. Warranty Period:  Three years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 MATERIALS 
A. Fixed Carbon Steel:  Free of surface blemishes and complying with the following: 


1. Plates, Shapes, and Bars:  ASTM A 36/A 36M. 
2. Steel Pipe:  Standard-weight steel pipe complying with ASTM A 53, or electric-resistance-


welded pipe complying with ASTM A 135. 
3. Tubing:  Cold-formed steel tubing complying with ASTM A 500. 


 
B. Stainless Steel:  Free of surface blemishes and complying with the following: 


1. Pipe:  Schedule 40 steel pipe complying with ASTM A 312/A 312M. 
2. Tubing:  ASTM A 554. 


2.2 BOLLARDS 


A. Basis-of-Design Product:  Subject to compliance with requirements, provide CalPipe 5 Inch Fixed, 5 
Inch Removable 
1. CalPipe Induistries, 800-225-7473 


2.3 BOLLARD SCHEDULE 


A. Bollard Type BO-01, BO-02 – CalPipe Fixed & Removable Bollard 
1. Carbon Steel  5 inches  in diameter 
2. Finish: Powder Coated 
3. Style:  Flat Top 
4. Overall Height:  36” above finished grade 
5. Footing Width: As Indicated in Drawings 
6. Footing Depth:  As Indicated in Drawings 
7. Installation Method: Cast in Concrete 


2.4 FABRICATION 


A. Metal Components:  Form to required shapes and sizes with true, consistent curves, lines, and angles.  
Separate metals from dissimilar materials to prevent electrolytic action. 
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B. Welded Connections:  Weld connections continuously.  Weld solid members with full-length, full-
penetration welds and hollow members with full-circumference welds.  At exposed connections, finish 
surfaces smooth and blended so no roughness or unevenness shows after finishing and welded 
surface matches contours of adjoining surfaces. 


C. Pipes and Tubes:  Form simple and compound curves by bending members in jigs to produce uniform 
curvature for each repetitive configuration required; maintain cylindrical cross section of member 
throughout entire bend without buckling, twisting, cracking, or otherwise deforming exposed surfaces 
of handrail and railing components. 


D. Exposed Surfaces:  Polished, sanded, or otherwise finished; all surfaces smooth, free of burrs, barbs, 
splinters, and sharpness; all edges and ends rolled, rounded, or capped. 


E. Factory Assembly:  Assemble components in the factory to greatest extent possible to minimize field 
assembly.  Clearly mark units for assembly in the field. 


2.5 FINISHES, GENERAL 


A. Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for 
recommendations for applying and designating finishes. 


B. Appearance of Finished Work:  Variations in appearance of abutting or adjacent pieces are acceptable 
if they are within one-half of the range of approved Samples.  Noticeable variations in the same piece 
are not acceptable.  Variations in appearance of other components are acceptable if they are within 
the range of approved Samples and are assembled or installed to minimize contrast. 


2.6 STEEL AND GALVANIZED STEEL FINISHES 


A. Baked-Enamel, Powder-Coat Finish:  Manufacturer's standard, baked, polyester, powder-coat finish 
complying with finish manufacturer's written instructions for surface preparation, including 
pretreatment, application, baking, and minimum dry film thickness. 


B. Grind and polish surfaces to produce uniform, directionally textured, polished finish indicated, free of 
cross scratches.  Run grain with long dimension of each piece. 


PART 3 - EXECUTION 


3.1 EXAMINATION 
 


A. Examine areas and conditions, with Installer present, for compliance with requirements for correct and 
level finished grade, mounting surfaces, installation tolerances, and other conditions affecting 
performance. 
1. Proceed with installation only after unsatisfactory conditions have been corrected. 


 
3.2 INSTALLATION, GENERAL 


A. Comply with manufacturer's written installation instructions unless more stringent requirements are 
indicated. 


B. Contractor shall be responsible for providing all necessary connections, supports, brackets, hardware, 
and anchors, whether shown or not shown on the drawings, as required for a full and complete 
installation and execution of the Bollard scope of work. 
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C. Install bollards level, plumb, true, and at position locations indicated on Drawings. 


D. Post Setting:  Set cast-in support posts in concrete footing with smooth top, shaped to shed water.  
Protect portion of posts above footing from concrete splatter.  Verify that posts are set plumb or at 
correct angle and are aligned and at correct height and spacing.  Hold posts in position during 
placement and finishing operations until concrete is sufficiently cured. 


3.3 CLEANING AND PROTECTION 


A. Provide cardboard protection over and around bollards until substantial completion.  Utilize Sonotube 
or equivalent.   


B. After completing site furnishing installation, inspect components.  Remove spots, dirt, and debris.  
Repair damaged finishes to match original finish or replace component. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 1 and 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Manually operated roller shades with single rollers at all exterior windows and 


Meeting Rooms. 


B. Related Requirements: 
1. Section 092216 "Non-Load Bearing Steel Framing" for blocking for mounting roller 


shades and accessories. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. 
1. Include styles, material descriptions, construction details, dimensions of individual 


components and profiles, features, finishes, and operating instructions for roller 
shades. 


B. Shop Drawings: Show fabrication and installation details for roller shades, including 
shadeband materials, their orientation to rollers, and their seam and batten locations. 


C. Samples: For each exposed product and for each color and texture specified, 10 inches 
long. 


D. Product Schedule: For roller shades. Use same designations indicated on Drawings. 


1.4 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For Installer. 


1.5 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For roller shades to include in maintenance manuals. 


1.6 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 
1. Roller Shades: Full-size units equal to 5 percent of quantity installed for each size, 


color, and shadeband material indicated, but no fewer than two units. 


1.7 QUALITY ASSURANCE 


A. Installer Qualifications: Engage an experienced installer who has completed shade 
installations similar in material, design, and extent to that indicated for this Project and with 
a record of successful in-service performance. 
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B. Manufacturer Qualifications: Obtain roller shades through one source from a single 
manufacturer with a minimum of twenty years experience in manufacturing products 
comparable to those specified in this section. 


C. Mockups: Build mockups to verify selections made under Sample submittals, to 
demonstrate aesthetic effects, and to set quality standards for materials and execution. 
1. Approval of mockups does not constitute approval of deviations from the Contract 


Documents contained in mockups unless Architect specifically approves such 
deviations in writing. 


2. Subject to compliance with requirements, approved mockups may become part of 
the completed Work if undisturbed at time of Substantial Completion. 


1.8 DELIVERY, STORAGE, AND HANDLING 


A. Deliver roller shades in factory packages, marked with manufacturer, product name, and 
location of installation using same designations indicated on Drawings. 


1.9 FIELD CONDITIONS 


A. Environmental Limitations: Do not install roller shades until construction and finish work in 
spaces, including painting, is complete and dry and ambient temperature and humidity 
conditions are maintained at the levels indicated for Project when occupied for its intended 
use. 


B. Field Measurements: Where roller shades are indicated to fit to other construction, verify 
dimensions of other construction by field measurements before fabrication and indicate 
measurements on Shop Drawings. Allow clearances for operating hardware of operable glazed 
units through entire operating range. Notify Architect of installation conditions that vary from 
Drawings. Coordinate fabrication schedule with construction progress to avoid delaying the Work. 


1.10 WARRANTY 


A. Roller Shade Hardware, Chain and Shadecloth: Manufacturer's standard twenty-five year 
limited warranty.  Warranty shall transfer to Owner upon completion of installation. 


B. Roller Shade Installation: One year from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Source Limitations: Obtain roller shades from single source from single manufacturer. 


2.2 MANUALLY OPERATED SHADES  


A. Products:  Subject to compliance with requirements, provide roller shades from one of the 
following: 
1. FlexShade XD by Draper, Inc. (Basis-of-Design) 
2. Or comparable product by one of the following: 


a. MechoShade. 
b. Hunter Douglas 
c. Or Equal. 
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B. Chain-and-Clutch Operating Mechanisms: With continuous-loop bead chain and clutch that 
stops shade movement when bead chain is released; permanently adjusted and lubricated. 
1. Bead Chains: Stainless steel. 


a. Loop Length: Full length of roller shade. 
b. Limit Stops: Provide upper and lower ball stops. 


2. Spring Lift-Assist Mechanisms: Manufacturer's standard for balancing roller-shade 
weight and lifting heavy roller shades. 
a. Provide for shadebands that weigh more than 10 lb or for shades as 


recommended by manufacturer, whichever criteria are more stringent. 


C. Manually Operated Window Shades with Independent Control: Manually operated, vertical 
roll-up, fabric window shade with components necessary for complete installation. 
1. Rollers: Extruded-aluminum tubes of diameters and wall thicknesses required to 


accommodate operating mechanisms and weights and widths of shadebands 
indicated without deflection. Provide with permanently lubricated drive-end 
assemblies and idle-end assemblies designed to facilitate removal of shadebands 
for service. 
a. Minimum Roller Tube Diameter: 1.56 inches. 
b. Fabric Connection to Roller Tube: Spline fabric/roller attachment system to 


allow shade fabric to be removed from roller without having to remove roller 
from brackets. 


c. Fabric Length: 6 inches greater than window height minimum. 
d. Roller Drive-End Location: As recommended by manufacturer. 
e. Direction of Shadeband Roll: Regular, from back of roller. 
f. Shadeband-to-Roller Attachment: Removable spline fitting integral channel in 


tube. 


D. Mounting Hardware: Brackets or endcaps, corrosion resistant and compatible with roller assembly, 
operating mechanism, installation accessories, and mounting location and conditions indicated. 


E. Shadebands: 
1. Shadeband Material: Light-filtering fabric and black-out fabric as indicated on 


Material Finish Schedule on Drawings. 
2. Shadeband Bottom (Hem) Bar: Extruded aluminum. 


a. Type: Enclosed in sealed pocket of shadeband material wit heat sealed ends. 


F. Installation Accessories: Provide recessed shade pocket, unless noted otherwise on 
Drawings. 
1. Recessed Shade Pocket: Rectangular, extruded-aluminum enclosure designed for 


recessed ceiling installation; with front, top, and back formed as one piece, end 
plates, and removable bottom closure panel. 
a. Height: Manufacturer's standard height required to enclose roller and 


shadeband when shade is fully open, but not less than 4 inches. 
b. Provide pocket with lip at lower edge to support acoustical ceiling panel. 


2. Front Fascia: Aluminum extrusion that conceals front and underside of roller and 
operating mechanism and attaches to roller endcaps without exposed fasteners. 
a. Shape: L-shaped 
b. Height: Manufacturer's standard height required to conceal roller and 


shadeband when shade is fully open, but not less than 4 inches. 
c. Colors: Custom colors powder coat to match Architect’s samples. 


3. Endcap Covers: To match fascia or headbox color. 
4. Exposed Headbox: Rectangular, extruded-aluminum enclosure including front 


fascia, top and back covers, endcaps, and removable bottom closure. 
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a. Height: Manufacturer's standard height required to enclose roller and 
shadeband when shade is fully open, but not less than 4 inches. 


5. Closure Panel and Wall Clip: Removable aluminum panel designed for installation at 
bottom of site-constructed ceiling recess or pocket and for snap-in attachment to 
wall clip without fasteners. 
a. Closure-Panel Width: 2 inches maximum. 


6. Installation Accessories Color and Finish: As selected from manufacturer’s full 
range, unless custom color is indicated. 
a. Clutch shall be black when installed with dark fabric. 


2.3 SHADEBAND MATERIALS 


A. Shadeband Material Flame-Resistance Rating: Comply with NFPA 701 and Title 19 CCR 
Division 1, Chapter 8. Testing by a qualified testing agency. Identify products with 
appropriate markings of applicable testing agency. 


B. Light-Filtering Fabrics (RS1): Woven fabric, stain and fade resistant as indicated on 
Material Finish Schedule on Drawings. 
1. Provide same color on both sides of fabric. 


2.4 ROLLER-SHADE FABRICATION 


A. Product Safety Standard: Fabricate roller shades to comply with WCMA A 100.1, including 
requirements for flexible, chain-loop devices; lead content of components; and warning 
labels. 


B. Unit Sizes: Fabricate units in sizes to fill window and other openings as follows, measured 
at 74 deg F: 
1. Outside of Jamb Installation: Width and length as indicated, with terminations 


between shades of end-to-end installations at centerlines of mullion or other defined 
vertical separations between openings. 


C. Shadeband Fabrication: Fabricate shadebands without battens or seams to extent possible 
except as follows: 
1. Vertical Shades: Where width-to-length ratio of shadeband is equal to or greater 


than 1:4, provide battens and seams at uniform spacings along shadeband length to 
ensure shadeband tracking and alignment through its full range of movement 
without distortion of the material. 


2. Railroaded Materials: Railroad material where material roll width is less than the 
required width of shadeband and where indicated. Provide battens and seams as 
required by railroaded material to produce shadebands with full roll-width panel(s) 
plus, if required, one partial roll-width panel located at top of shadeband. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances, operational clearances, and other conditions 
affecting performance of the Work. 


B. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 ROLLER-SHADE INSTALLATION 


A. Install roller shades level, plumb, and aligned with adjacent units according to 
manufacturer's written instructions. 
1. Opaque Shadebands: Located so shadeband is not closer than 2 inches to interior 


face of glass. Allow clearances for window operation hardware. 


3.3 ADJUSTING 


A. Adjust and balance roller shades to operate smoothly, easily, safely, and free from binding 
or malfunction throughout entire operational range. 


3.4 CLEANING AND PROTECTION 


A. Clean roller-shade surfaces after installation, according to manufacturer's written 
instructions. 


B. Provide final protection and maintain conditions, in a manner acceptable to manufacturer 
and Installer, that ensure that roller shades are without damage or deterioration at time of 
Substantial Completion. 


C. Replace damaged roller shades that cannot be repaired, in a manner approved by 
Architect, before time of Substantial Completion. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Concrete tabletops. 


B. Related Requirements: 
1. Section 018113 “Sustainable Design Requirements.” 


1.3 ACTION SUBMITTALS 


A. Product Data: For countertop materials. 


B. LEED Submittals: Refer to Section 018113 “Sustainable Design Requirements” for 
additional submittal requirements. 


C. Shop Drawings: For countertops. Show materials, finishes, edge profiles and methods of 
joining. 


D. Samples for Initial Selection: For each type of material exposed to view. 


E. Samples for Verification: For the following products: 
1. Countertop material, 6 inches square. 


1.4 CLOSEOUT SUBMITTALS 


A. Maintenance data for concrete tabletops. 


1.5 COORDINATION 


A. Coordinate locations of utilities that will penetrate countertops. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Source Limitations: Obtain concrete tabletops from single source from single manufacturer. 
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2.2 CONCRETE TABLETOPS 


A. Products: Subject to compliance with requirements, provide one of the following: 
1. Pacifica Concrete Countertop Slabs by Concrete Collaborative (Basis-of-Design) 
2. Or Equal. 


B. Color: As indicated on Material Finish Schedule on Drawings or as selected by Architect 
from Manufacturer’s full range. 


C. Edges: Micro-bevel cut edges. 


D. Finish: Seal with manufacturer’s recommended sealer. 


2.3 INSTALLATION MATERIALS 


A. Adhesive: Product recommended by manufacturer complying with CalGreen and LEED 
VOC requirements. 


B. Sealant for Tabletops: Comply with applicable requirements in Section 079200 "Joint 
Sealants." 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Install countertops level to a tolerance of 1/8 inch in 8 feet. 


B. Install tabletops in compliance with manufacturer's written instructions. 


C. Seal countertops/tabletops per manufacturer’s written instructions. 


D. Apply sealant to gaps at walls; comply with Section 079200 "Joint Sealants." Remove 
temporary shims before applying sealant. 


END OF SECTION 
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PART 1 – GENERAL 
 
1.1 RELATED DOCUMENTS 
 


A. Drawings and General Provisions of Contract, including General and Supplementary 
Conditions and Division 1 Specification Sections, apply to this Section. 


 
1.2 SUMMARY 
 


A. This Section:  Covers and includes furnishing and installing one (1) hydraulic passenger 
elevator and one (1) hydraulic service elevator as described herein. 


 
B. Related Work By Others: 


1. General Contractor shall provide the following requirements which shall be in 
accordance with requirements of ASME A17.1 Code plus California Building Code.  
For specific rules, refer to ASME A17.1, Section 300 for hydraulic elevators.  State 
or local requirements must be used if more stringent. 


2. Hoistway:  
a. Clear and plumb hoistway with variations not to exceed one-half (1/2) inch at 


any point.  Minimum one (1) hour of fire resistance rating of hatch walls or CA 
Building Code 


b. Seventy-five degree (75º) bevel guards on all projections, recesses, or 
setbacks over two (2) inches except for loading or unloading. 


c. Supports for Rail Brackets at Pit, each Floor, and Roof 
1) Maximum allowable vertical spacing of rail supports, without backing.  


All rails shall be manufacturer’s standard type.  Divider beams between 
hoistway at each floor and roof, for guide rail bracket supports. 


2) Hoisting Beam will be required.  Coordinate with Elevator Contractor. 
d. Interface of elevator hoistway with hoistway entrance assembly shall be in 


strict compliance with Elevator Contractor’s requirements.  Where openings 
occur, all walls and sill supports must be plumb.   


e. Where drywall or sheet rock construction is used for front walls, it shall be of 
sufficient strength to maintain doors in true lateral alignment.  Drywall 
Contractor to coordinate with Elevator Contractor.  


f. Front walls and finish floors are not to be constructed until after entrance 
frames and sills are in place.  Consult Elevator Contractor for rough opening 
size.  When drywall construction is used, General Contractor shall supply 
drywall framing so that wall fire-resistance rating is maintained. 


g. Entrance frames are to be anchored to walls and properly grouted in place to 
maintain legal fire rating (masonry construction) by Others as required. 


h. For sill support by Elevator Contractor, hoistway capable of accepting anchor 
stud-type fasteners must be provided. 


i. When fixtures are mounted in drywall, wall thicknesses may increase.  
General Contractor must coordinate requirements with Elevator Contractor. 


j. All barricades outside elevator hoistways as required. 
3. Pit:  


a. Dry pit reinforced to sustain normal vertical forces from rails, jack units, and 
buffers. 


b. GFI Convenience outlet and light fixture in pit with switch located adjacent to 
access door or pit ladder. 


c. Where access to pit is by means of the lowest hoistway entrance, a vertical 
ladder of non-combustible material to extend forty-eight (48) inches minimum 
above lowest landing sill.  Pit ladder must be sixteen (16) inches wide, twelve  
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(12) inches on center rungs, and seven (7) inches clear to pit wall or 
obstruction. 


d. If pit has sprinklers, all electrical equipment up to forty-eight (48) inches 
must be NEMA 4. 


e. Pit floor to be approximately level but sufficient slope shall be allowed for 
drainage.  No recess shall be allowed unless covered or guarded. 


f. Drains connected to sewers shall not be installed in elevator pits. 
g. If required, drains connected to holding tanks can be installed in elevator 


pits.  Pumping equipment, provided to remove accidental water from the 
pit, must be located outside of the hoistway. 


h. Partitions not less than six (6) feet high from pit floor shall be provided 
between the pits of adjacent hoistways.  If openings are provided in 
partitions, they shall reject a two (2) inch ball. 


4. Machine Room: 
a. Enclosed and protected machine room. 
b. Access to machine room and machinery space as required by governing 


code or authority. 
c. Lighting, convenience outlets, heating, cooling, and ventilation of 


machine room, and machinery space.  Machine room temperature to be 
maintained between sixty-five degrees (65º) F. and eighty degrees (80º) 
F., with relative humidity of not greater than ninety-five percent (95%) 
non-condensing. 


d. A fused disconnect switch for each elevator and light switch located per 
the California Electrical Code (CEC), and where practical, located inside 
the machine room adjacent to the door. 


e. Suitable copper feeder, ground, and branch wiring circuits for signal 
system and power operated door including main line switch.  Feeder and 
branch wiring circuits for car light and fan, including main line switch. 


f. Clear access above ceiling, or metal/concrete raceways in floor, for oil 
line and wiring duct from machine room, if machine room is remote from 
elevator hoistway. 


g. Convenience outlet and telephone outlet on control panel. 
h. Cutout through machine room wall, eight (8) inches x sixteen (15) inches, 


for oil line and wiring duct.  Coordinate with Elevator Contractor at the 
building site. 


i. All conduit and wire runs remote from either the machine room or the 
hoistways. 


j. Heat, smoke, or products of combustion sensing devices connected to 
elevator machine room terminals when such devices are required.   


k. Where sprinklers are provided in elevator machine rooms and hoistways, 
means shall be provided to automatically disconnect the main line power 
supply to the affected elevator prior to the application of water.  This shall 
not be a self-resetting type.  Shunt trips cannot be installed in machine 
room. 


l. Wherever a sensing device or sprinkler is installed in the hoistway, a 
hatch will be required for service or repair of the device from outside of 
the hoistway. 


m. Miscellaneous:  Recesses, supports, and patching as required to 
accommodate hall button boxes, signal fixtures, etc. 


 
1.3 SUBMITTALS 


 
A. Shop Drawings:  Show plans, elevations, sections, and large-scale details indicating 
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service at each landing, machine room layout, coordination with building structure, 
relationships with other construction, and locations of equipment and signals.  
Indicate variations from specified requirements, maximum dynamic and static loads 
imposed on building structure at points of support, and maximum and average power 
demands. 


1. Samples:  Provide finish color selection brochures and samples of sheet materials. 
2. Schematics:  Provide wiring diagrams. 
3. Maintenance Manuals:  Provide Renewal Parts Catalogs and Maintenance 


Instructions. 
4. Inspection and Acceptance Certificates and Operating Permits:  As required by 


authorities having jurisdiction for normal, unrestricted elevator use. 
 
1.4 QUALITY ASSURANCE 
 


A. Qualifications:  Elevator Contractor is a company specializing in manufacturing and 
installing elevator equipment with not less than five (5) years successful experience. 


 
B. Codes:  Contractor shall abide by all existing laws, codes, rules, and regulations set forth 


by all governmental units and regulatory authorities having competent jurisdiction over 
Contractor and/or the designs, clearances, construction, workmanship, and material 
performed or provided by Contractor, unless specifically accepted.  Work shall be 
performed in accordance with latest edition, including amendments, revisions, and/or 
changes. 
1. ASME A17.1 Safety Code for Elevators and Escalators Code 
2. 2013 California Building Code for DSA Requirements 
3. CEC-California Electrical Code 
4. California Code of Regulations:  Title 8, Group 4 including Adopted sections of ANSI 


A17.1-2004 and CCR Title 24. 
5. All codes having legal jurisdiction including requirements or which conflict with ASME 


code. 
6. CBC Section 11B-407 Elevator Accessibility 
7. Accessibility Requirements:  In addition to local governing regulations, comply with 


Americans with Disabilities Act (ADA), Accessibility Guidelines (ADAAG). 
 


C. 2013 California Building Code Title 24 Disable Access, Section 11B-407 Elevators:  
Elevator equipment being provided shall be designed to conform to 2013 California 
Building Code (CBC) and applicable ADA accessible regulations.  These features shall 
include, but not be limited to: 
1. Call Controls: 


a. CBC 11B-407.2.1.1 Height:  Call buttons shall be located within one of the 
reach ranges specified in CBC Section 11B-308, measured to the centerline of 
the highest operable part. 


b. CBC 11B-407.2.1.2 Size and Shape:  Call buttons shall have square shoulders, 
be 3/4” minimum in the smallest dimension and shall be raised 1/8” above the 
surrounding surface.  Buttons shall be activated by a mechanical motion that is 
detectable. 


c. CBC 11B-407.2.1.3 Clear Floor or Ground Space:  A clear floor or ground 
space complying with CBC Section 11B-305 shall be provided at call controls. 


d. CBC 11B-407.2.1.4 Location:  Call button that designates the up direction shall 
be located above the call button that designates the down direction. 
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e. CBC 11B-407.2.1.5 Signals:  Call buttons shall have visible signals that 
will activate when each call is registered and will be extinguished when 
each call is answered.  Call buttons shall be internally illuminated with a 
white light over the entire surface of the button. 


2. Hall Signals: 
a. CBC 11B-407.2.2 Hall Signals:   Hall and in-car traveling lantern.  A 


visible and audible signal shall be provided at each hoistway entrance to 
indicate which car is answering a call and the car’s direction of travel.  
Where in-car signals are provided, they shall be visible from the floor area 
adjacent to the hall call buttons. 


b. CBC 11B-407.2.2.2 Hall Visible Signals:  Visible signal fixtures shall be 
centered at seventy-two (72) inches minimum above finish floor or ground.  
The visible signal elements shall be minimum two and one-half (2-1/2) 
inches high x two and one-half (2-1/2) inches wide and be visible from the 
floor area adjacent to the hall call button. 


 
c. CBC 11B-407.2.2.3 Audible Signals:  Audible signals shall sound once for 


the up direction and twice for the down direction indicating the direction of 
elevator car travel.  Audible signals shall have a frequency of 1500 Hz 
maximum.  The audible signal shall be 10 dBs minimum above ambient 
but not more than 80 dBs measured at the hall call buttons. 


3. Hoistway Signs: 
a. CBC 11B-407.1.2.3.1 Floor Designation:  Floor designations complying 


with CBC Sections 11B-703.2 and 11B-703.4.1 shall be provided on both 
jambs of elevator hoistway entrances.  Floor designations shall be 
provided in both raised characters and Braille.  Raised characters shall be 
two (2) inches high.  A raised star placed to the left of the floor designation 
shall be provided on both jambs at the main entry level.  The outside 
diameter of the star shall be two (2) inches and all points shall be of equal 
length.  Raised characters including the star shall be white of black 
background.  Braille complying with CBC Section 11B-703.3 shall be 
placed below the corresponding characters and star.   


4. Door Operation: 
a. CBC 11B-407.3.2 Door Operation:  Elevator hoistway and car doors shall 


open and close automatically. 
b. CBC 11B-407.3.3 Reopening Device:  Elevator doors shall be provided 


with a reopening device that will stop and reopen the car and hoistway 
door automatically if the door becomes obstructed by an object or person.   


c. CBC 11B-407.3.3.1 Reopening Device Height:  Device shall be activated 
by sensing an obstruction passing through the opening at five (5) inches 
and twenty-nine (29) inches nominal above the finish floor. 


d. CBC 11B-407.3.3.2 Reopening Device Contact:  The device shall not 
require physical contact to be activated although contact is permitted to 
occur before the door reverses. 


e. CBC 11B-407.3.3.3 Duration:  Door reopening devices shall remain 
effective for 20 seconds minimum. 


f. CBC 11B-407.3.4 Door and Signal Timing:  The minimum acceptable time 
from notification that a car is answering a call shall be a minimum of five 
(5) seconds. 


g. CBC 11B-407.3.5 Door Delay:  Elevator doors shall remain fully open in 
response to a car call for five (5) seconds minimum. 


h. CBC 11B-407.3.6 Elevator Door Width:  The width of the elevator doors 
shall comply with CBC Table 11B-407.4.1. 
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5. Elevator Car Requirements 
a. CBC 11B-407.4.1 Car Dimensions:  Inside dimensions of elevator cars and 


clear width of elevator car door shall comply with CBC Table 11B-407.4.1. 
b. CBC 11B-407.4.2 Floor Surfaces:  Floor surfaces in elevator car shall comply 


with CBC Sections 11B-302 and 11B-303.   
c. CBC 11B-407.4.3 Platform to Hoistway Clearance:  Clearance between the car 


platform sill and the edge of any hoistway landing shall be one and one-quarter 
(1-1/4) inches maximum.   


d. CBC 11B-407.4.4 Leveling:  Each car shall be equipped with a self leveling 
feature that will automatically bring and maintain the car at floor landings within 
a tolerance of one-half (½) inch under rated load to zero loading conditions. 


e. CBC 11B-407.4.5 Illumination:  The level of illumination at the car controls 
platform, car threshold, and car landing sill shall be five (5) foot candles 
minimum. 


6. Elevator Car Controls: 
a. CBC 11B-407.4.6.1 Location of Car Controls:  Controls shall be located within 


one of the reach ranges specified in CBC 11B-308 
b. CBC 11B-407.4.6.2.1 Size and Shape of Car Buttons:  Buttons shall have 


square shoulders, be three-quarter (¾) inch minimum in their smallest 
dimension and be raised one-eighth (1/8) inch above the surrounding surface. 


c. CBC 11B-407.4.6.2.2 Arrangement:  Buttons shall be arranged with numbers in 
ascending order.  


d. CBC 11B-407.4.6.2.3 Illumination:  Car control buttons shall be illumination. 
e. CBC 11B-407.4.6.2.4 Operation:  Car control buttons shall be activated by a 


mechanical motion that is detectable. 
7. Emergency Controls: 


a. CBC 11B-407.4.6.4 Emergency Controls:  Emergency control buttons shall 
have their centerline thirty-five (35) inches minimum above finish floor. 


b. CBC 11B-407.4.6.4.2 Location:  Emergency controls including emergency 
alarm shall be grouped at the bottom of the panel. 


8. Car Control Buttons: 
a. CBC 11B-407.4.7.1.1 Type:  Control buttons shall be identified by raised 


characters or symbols white on black background complying with CBC Section 
11B-703.2 and Braille complying CBC Section 11BH-703.3. 


b. CBC 11B-407.4.7.1.2 Location:  Raised characters or symbols and Braille 
designations shall be placed immediately to the left of the control button to 
which the designations apply. 


c. CBC 11B-407.4.7.1.3 Symbols:  The control button for the emergency stop, 
alarm, door open, door close, main entry floor, and phone shall be identified by 
raised symbols and Braille as shown in CBC Table 11B-407.4.7.1.3. 


d. CBC 11B-407.4.7.1.4 Visible Indicators:  Buttons with floor designations shall 
be provided with visible indicators to show that a call has been registered.  The 
visible indication shall extinguish when the car arrives at the designated floor. 


e. CBC 11B-407.4.7.1.5 Button Spacing:  A minimum clear space of three-eighths 
(3/8) inch or other suitable means of separation shall be provided between 
rows of control buttons. 


9. Car Position Indicators: 
a. CBC 11B-407.4.8 Car Position Indicators:  Audible and visible car position 


indicators shall be provided in elevator cars.   
b. CBC 11B-407.4.8.1.1 Size:  Characters shall be one-half (½) inch high 


minimum.   
c. CBC 11B-407.4.8.1.2 Location:  Indicators shall be located above the car 


control panel or above the door. 
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d. CBC 11B-407.4.8.1.3 Floor Arrival:  As the car passes a floor and when a 
car stops at a floor served by the elevator, the corresponding character 
shall illuminate. 


e. CBC 11B-407.4.8 Car Position Indicators:  Audible and visible car position 
indicators shall be provided in elevator cars. 


10. Emergency Communications: 
a. CBC 11B-407.4.9 Emergency Communications:  Emergency two-way 


communications systems shall comply with Section 11B-308.  Raised 
symbols or characters while on black background and Braille shall be 
provided adjacent to the device and shall comply with CBC Sections 11B-
703.2 and 11B703.3.  Emergency two-way communication systems 
between the elevator and a point outside the hoistway shall comply with 
ASME A17.1. 


11. Car Hand Rails: 
a. CBC 11B-407.4.10 Support Rail:  Support rails shall be provided on at 


least one wall of the car. 
b. CBC 11B-407.10.1 Location:  Clearance between support rails and 


adjacent surfaces shall be 1-1/2” minimum.  Top of support rails shall be 
31” minimum to 33” maximum above the floor of the car.  The ends of the 
support rail shall be six (6) inches maximum from adjacent walls. 


c. CBC 11B-407.4.10.2 Surfaces:  Support rails shall be smooth and any 
surface adjacent to them shall be free of sharp or abrasive elements. 


d. CBC 11B-407.4.10.3 Structural Strength:  Allowable stresses shall not be 
exceeded for materials used when a vertical or horizontal force of two-
hundred fifty (250) pounds is applied at any point on the support rail, 
fastener, mounting device, or supporting structure. 


 
1.5 WARRANTY 


 
A. Elevator Contractor shall guarantee material and workmanship of equipment installed 


under these specifications and make good any defects not due to ordinary wear or to 
improper use which may develop within one (1) year after installation completion or 
acceptance thereof by beneficial use, whichever is earlier.  Defects include, but are 
not limited to, component failure, poor performance, unusual or excessive component 
wear, noise, or vibration.  At the end of month 10 of the warranty, elevator contractor 
shall request annual CA DOSH inspection of elevators and any punch lists shall be 
the responsibility of the elevator contractor.   


 
B. Should Elevator Contractor not remedy such defects within a reasonable time, Owner 


has the option to contract services of Others to remedy the defect.  All costs 
associated with such remedy will be charged directly to Elevator Contractor.  Further, 
Elevator Contractor will be required to accept such work under the terms of the 
existing warranty. 


 
1.6 MAINTENANCE 


 
A. Warranty Maintenance Service:  Beginning at Substantial Completion, provide twelve 


(12) months’ full maintenance service by skilled employees of the elevator contractor  
Include monthly preventative maintenance, repair, or replacement of worn or 
defective components, lubrication, cleaning, and adjusting as required for proper 
elevator operation at rated speed and capacity.  Provide parts and supplies as used 
in the manufacture and installation of original equipment.  At the end of month 10 of 
the warranty, Elevator Contractor shall request annual CA DOSH inspection of 
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elevators and any punch lists shall be the responsibility of the elevator contractor.  All 
maintenance shall comply with Part 8 of the ASME A17.1 2004 Code and CA Title 8 Group 
4. 
1. Perform maintenance during normal working hours.  Include emergency callback 


service 7 days /24 hours at no additional cost.  Response Time shall be two (2) hours 
or less. 


 
B. Continuing Maintenance Service: SDSU will have the option to contract with Elevator 


Contractor or existing campus elevator service company. 
 


1.7 PROPRIETARY INFORMATION 
 


A. Any proprietary material, information, or data contained in the equipment, or any 
component or feature thereof, remains the property of the Owner.  This includes, but is not 
limited to, tools, devices, manuals, software, source codes, access codes, object codes, 
passwords, and remote monitoring feature.   


 
PART 2 – PRODUCTS 
 


2.1 ELEVATOR SYSTEM AND COMPONENTS 
 


A. Passenger Elevator No. 1: 
1. Type:     Direct Plunger 
2.      Service:     Passenger  
3.  Capacity:    3500 Pounds 
4. Speed:     125 FPM 
5.  Stops:     5 
6. Front Openings:   Basement, 1


st
 Floor, 2


nd
 Floor 


7. Rear Openings:   Lower 1
st
 Floor, Lower 2


nd
 Floor 


8.  Travel:   32’ 0” +/- As Shown 
9.  Control:    Resistance A.C. 


10. Operation:    Simplex Selective / Collective 
11. Machine Location:   Adjacent at Basement   
12. Special Operations:   Independent Service 


    Fire Emergency Service 
    Emergency Battery Lowering 
    Card Access  


13. Car Enclosure Type:   Passenger 6’ 8” W by 5’ 5” D by 8’ 0” H 
14. Signals and Fixtures:   Vandal-Resistant 


a. Car Operating Panels: Swing Return Type (Front and Rear) 
b. Car Position Indicator: Integral with Car Panel 


 c. Car Position Indicator: Integral with Car Panel 
b.  Communication System:   Integral with Car Panel 
c.  Service Cabinet:  Integral with Car Panel 
d.  Hall Pushbuttons:    Vandal-Resistant  
e. Hall Position Indicator: All Floors with Hall Lantern 


15. Passenger Entrance Type:  Side Slide Single Speed 
a. Size:  3’ 6” W by 7’ 0” H 
b. Frames:   No. 4 Stainless Steel 
c. Doors:  No. 4 Stainless Steel 
d. Sills:   Aluminum 
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16. Miscellaneous Items: Disabled Access Requirements 
         Key-Operated Hoistway Access 
         Earthquake Requirements 


 
B.  Service Elevator 2 


1.      Type:  Direct Plunger 
2.      Service:     Service with Class C3 Loading 
3. Capacity:     4500 Pounds 
4. Speed:     150 FPM 
5.  Stops:    4 
6.  Front Openings:   Basement, 1


st
 Floor, 2


nd
 Floor, 3


rd
 Floor 


7.  Travel:    51’ 0” +/- As Shown 
8.  Control:     Resistance A.C. 
9.   Operation:    Simplex Selective / Collective 


10.  Machine Location:   Adjacent at Basement   
11. Special Operations:    Independent Service 


       Firefighter’s Emergency Service 
 Emergency Battery Lowering Operation 


 Card Access  
 Door Hold Button 


12. Car Enclosure Type: Passenger/Service    
a. Inside Clear: 5'-8" W by 7'-11” D by 9’-0" H 


13. Signals and Fixtures: Vandal-Resistant 
a. Car Operating Panels: Swing Return 
b. Car Position Indicator: Integral with Car Panel 
c. Communication System: Integral with Car Panel 
d. Service Cabinet: Integral with Car Panel 
e. Hall Pushbuttons: Vandal-Resistant 
f. Hall Position Indicator: All Floors with Hall Lantern 


14. Passenger Entrance Type: Side Opening Two Speed 
a.  Size: 4'-0" W by 8'-0" H 
b.   Frames:       No. 4 Stainless Steel    
c.  Doors :      No. 4 Stainless Steel 
d.  Sills:      Nickel Silver 


15. Miscellaneous Items: Disabled Access Requirements 
         Key-Operated Hoistway Access 
         Earthquake Requirements 


 
2.2 APPROVED MANUFACTURERS 


 
A. Approved Manufacturers:  


1. Mitsubishi Elevator 
2. Otis Elevator 
3. ThyssenKrupp Elevator 
4. KONE Elevator  
5. Specialized Elevator 


 
B. Control Systems: 


1. Motion Control Engineering 2000  
 


C. Hydraulic Pumping Units: 
1. V-Belt – Dry Type Pump Unit and Oil Cooler 
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D. Hydraulic Valves:  
1. EECO 


2. Maxton 
 


E. Door Operator Equipment: 
1. ECI 1000 (CL) 
2. GAL MOVFR (CL) 


 
F. Door Re-Opening Device: 


1. Janus PanaChrome  
 


G. Signal Equipment Vandal Resistant: 
1. Innovation 
2. ERM 


 
H. Passenger Elevator Cab and Cab Enclosures: 


1. Sterling Corporation 
2. City Lift 


 
2.3 APPROVED FINISH MATERIALS 
 


A. Provide the following materials and finishes for exposed parts of elevator car enclosures, 
car doors, hoistway entrance doors and frames, and signal equipment as indicated: 
1. Satin Stainless Steel:  ASTM A 666, Type 304 with No. 4 Directional 


 
2.4 ELEVATOR PERFORMANCE REQUIREMENTS 
 


A. Elevator Riding Qualities:  Elevator Contractor shall make any necessary adjustments to 
maintain a pleasing and comfortable elevator ride, as determined by Owner. 
1. Elevator operation, while traveling at full speed, shall be smooth and easy, without 


vibration. 
2. Elevator operation, when transitioning from starting, acceleration, deceleration, 


leveling or stopping, shall be smooth and easy, without abruptness. 
3. Operation of elevator’s emergency stop switch shall quickly stop the elevator’s 


motion, however, shall not be violent. 
4. Noise levels inside car shall not exceed the following: 


a. Car at rest with doors closed and fan off – 40 dBa. 
b. Car at rest with doors closed, fan running – 55 dBa. 
c. Car running at high speed, fan off – 50 dBa. 
d. Door in operation – 60 dBa. 


5. Side-to-side, front-to-back, and vertical accelerations, measured in either direction, 
shall not exceed fifteen (15) milli-g based on ISO/A95 readings taken by the PMT 
accelerometer, or approved equal. 


 
 Amplitude of acceleration and deceleration shall not exceed four (4) feet per second 


for geared elevators.  A sustained jerk shall not be more than twice the acceleration. 
 


B. Elevator Car Performance: 
1. Rated Contract Speed:  Regardless of load or direction, variance from rated contract 


speed shall not exceed fifteen (15) percent in either direction. 
2. One-Floor Run Time (Start-to-Stop):  Elevator shall not exceed 9 (nine) seconds 


from the time it takes to start; travel one floor; level; and stop at that floor. 
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3. Leveling:  Elevator shall level within one-quarter (1/4) inch, regardless of load 
or direction of travel. 


 
C. Elevator Door Performance: 


1. Passenger Elevator Door Performance Times:   
a. Door Open:  Doors shall go from fully CLOSED position to fully OPEN 


position in 2.0 seconds.     
b.  Door Close:  Doors shall go from fully OPEN position to fully CLOSED 


position in 3.0 seconds. 
c.  Door Dwell Times:  Car Call and Hall Calls shall be as required by ADA 


code.  Times shall be field adjustable and separately adjustable for a 
Car Call or Hall Call Stop. 


2. Service Elevator Door Performance Times:   
a. Door Open:  Doors shall go from fully CLOSED position to fully OPEN 


position in 3.0   seconds. 
b. Door Close:  Doors shall go from fully OPEN position to fully CLOSED 


position in 4.0 seconds. 
c. Door Dwell Times:  Car Call and Hall Calls shall be as required by ADA 


code.  Times shall be field adjustable and separately adjustable for a 
Car Call or Hall Call Stop. 


3. Door Closing Pressure (or Kinetic Energy):  Shall not exceed thirty (30) pounds 
of pressure per code.  


4. Door Protection Timer:  Shall be provided for both the open and close 
directions.   Shall cease attempting to open door after a predetermined 
adjustable time in the event that door is prevented from reaching open position.  
Will reopen doors for a short time in the event that door-close attempt fails to 
close door locks after a predetermined time. 


5. Nudging Action:  In the event of an obstructed door protection device for a 
predetermined time interval (25.0 to 30.0 seconds), buzzer shall sound and 
doors shall attempt to close at the maximum kinetic energy allowed by Code. 


 
2.5 OPERATING SYSTEMS 


 
A. General:  Features specified are minimum requirements.  Inclusion of the listed 


operations will provide a minimum amount of system flexibility to reduce response time 
and intervals.   
1. Bid features specified are minimum requirements and shall be non-proprietary.  


The features specified are minimum requirements.  It shall be the responsibility of 
the Elevator Contractor to provide descriptive information of their system describing 
the various enhancements and their operation.   


 
B. Simplex Selective Collective Operation  


1. Arrange for Simplex Selective Collective Automatic Operation.  Operate 
elevators from a single riser of landing buttons and from operating device in 
car. 


2. Momentary pressure on one or more car or hall button, other than those for 
landing at which car is standing, starts car and causes car to stop at first 
landing for which a car or landing call is registered corresponding to direction of 
travel.  Stops made in order in which landings are reached irrespective of 
sequence in which calls are registered. 
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3. Double door operation not permitted.  If an Up traveling car is passenger occupied 
for an intermediate floor and a Down call is registered at that floor, with no calls 
above car, car travels to floor, opens doors to let passenger out, lights down 
direction arrow in hall lantern, and accepts waiting passenger without closing and 
reopening doors. 


4. System shall have the capability of printer connection for printout.  All diagnostic 
equipment shall be built into the control cabinets or provided separately as part of 
the base system.  No required diagnostic equipment shall be removed from 
equipment room. 


5. Diagnostics and Monitoring 
 a. System shall be provided with capabilities for monitoring command and 


diagnostic computer and printer. 
 b.   Provide laptop computer or other approved diagnostic tools and software.  


Software shall be M View.  
 


2.6 AUXILIARY OPERATIONS 
 


A. Independent Service: 
1. Key-operated switch shall be provided for selecting independent service operation.  


When switch is turned to the “on” position, all previously registered car calls for that 
car shall be canceled and an attendant shall be required to operate the car. 


2. The car shall park with its doors open.  The closing of the doors and starting the car 
shall be subject to constant pressure on a floor button in the car operating panel until 
the car starts in motion.  If the floor button is released before the doors are fully 
closed, doors shall reopen. 


3. After car is in motion, floor button may be released and car shall automatically 
proceed to and stop at floor for which the car call was registered. 


4. A car operating on independent service shall automatically bypass registered Hall 
Calls.  Registered Hall Calls shall not be canceled, but shall remain registered and 
answered by a car in normal automatic operation. 


5. When independent service switch is turned to the “off” position, car shall be restored 
to normal operation. 


  
B. Key-Operated Hoistway Access: 


1. Key-operated switches shall be furnished in the hoistway entrance jamb at top and 
bottom floor for hoistway access.  A key-operated switch shall be furnished in 
service cabinet to place car on access control. 


2. Operation of hoistway access switches, after initiation by car operating switches, 
shall operate car with hoistway doors open at the respective floor being operated 
and allow access to top or bottom of hoistway. 


3. Rail-mounted switches shall be provided to limit car travel to comply with Code. 
 


C. Card Reader Provisions: 
1. For access to restricted landings.  Provide required conductors in traveling cable 


and panel in machine room for interconnecting card readers, other security access 
system equipment, and elevator controllers.  Provide cutout and Plexiglas lens for 
card reader. 
a. Car readers and other security access system equipment provided and 


installed by Others. 
 


D. Firefighters Emergency Service Phase I and II: 
1. Phase I Operation: 
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a. Description to be according to Standard Fighter’s Emergency Service 
Operation Code.  It is the Elevator Contractor’s responsibility to provide 
Firefighter’s Service to meet specific job location requirements. 


2. Phase I and II Switches: 
a. Shall operate by the same key. 
b. Manufacturer’s standard key shall be used. 
c. Key shall not operate any other device and no other key shall operate. 
d. Appropriate Firefighter’s Service key switch, jewel, fire and call cancel 


buttons, door open, door close buttons, and instructions shall be 
grouped together at the top of the main car operating panel behind a 
locked panel.  Panel shall have hairline joints and concealed hinges.  
All buttons and switches shall be readily available, located not more 
than seventy two (72) inches above the floor.   
1) Provide a three-position (Reset, Off, On) key-operated switch at 


the designated level.  Switch shall be provided with an 
illuminated visual signal to indicate when Phase I Emergency 
Recall Operation is in effect.  The key shall be removable in the 
On and Off position.  With the key in the Off position, normal 
elevator service shall be provided and the smoke/combustion 
detectors shall be functional. 


 
2) Smoke detectors shall be provided in the elevator lobby, at each 


floor, and in the associated elevator machine room and 
hoistways, if sprinklered.  Smoke detector operation at the main 
or designated level as approved by governing authority.  Smoke 
detector activated operation shall only be reset manually.  The 
key switch at the designated level in the Reset position shall 
delete the Fire Service command and restore the elevators back 
to normal operation only if the fire alarm initiating device has 
been cleared.  If the fire initiating device is still active (On), 
Phase I Emergency Recall Operation will continue in effect. 


3) Phase I Operation shall be initiated by the activations of the 
smoke/combustion detectors or by placing the designated level 
key switch in the On position, the following operation shall occur: 
a) All cars controlled by this activation shall return non-stop 


to the designated level; doors shall open, and remain 
open. 


b) A car traveling away from the designated level shall 
reverse at the next available floor, without opening its 
doors, and cause it to proceed to the designated floor 
non-stop. 


c) Door reopening devices on power-operated doors 
affected by smoke or heat shall be rendered inoperative.  
Mechanically-operated devices shall remain operative. 


d) Cars standing at any floor other than the designated floor 
shall close their doors and proceed to the designated floor 
without stopping for Car or Hall Calls. 


e) Cause car and hall buttons to become inoperative and 
extinguish call register lights and hall lanterns.  Position 
indicators shall remain operative. 


f) Cause the emergency stop switch to become inoperative 
once the car has started in motion.  All other emergency 
devices shall remain operative. 
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g) All cars shall be provided with a visual and audible signal 
system which shall be activated until the car has returned to 
the designated level. 


h) A car standing at a landing shall have the door open button 
rendered inoperative as soon as the door is closed and the car 
starts to the designated level.  It shall remain inoperative until 
the car has returned to the designated or alternate level. 


3. Phase II Operation: 
a. A three-position (Off, Hold, On) key-operated switch shall be provided in the 


car operating panel in each car.  Firefighter’s Service key switch, jewel, fire 
and call cancel buttons, door open, door close buttons, and instructions 
shall be grouped together at the top of the main car operating panel behind 
a locked panel.  Panel shall have hairline joints and concealed hinges.  All 
buttons and switches shall be readily available, located not more than 
seventy two (72) inches above the floor.   


b. The switch shall become effective only with Phase I Operation is in effect 
and the car has returned to the designated or alternate floor.  The key shall 
be removable in only the Off and Hold position.  Operation on the switch 
shall not change operation until the car is at a floor with the doors fully open.   


c.  When the switch is in the Off position, Phase I Operation shall be in effect, 
if activated. 


d. The switch in the Hold position shall cause the car to remain at the first floor 
with its doors open and the door close button shall be inoperative after the 
car has been placed into Phase II Operation at the designated or alternate 
level. 


e. Operation of the key switch to the On position shall place the elevator on 
Phase II Operation.  The operation shall be as follows: 
1) Elevator shall be operated only by a person in the car registering Car 


Calls. 
2) All hall lanterns and corridor buttons shall remain inoperative. 
3) Doors shall be opened by constant pressure of the door open button 


and, if pressure on this button is released prior to the time the doors 
reach their full open position, doors shall immediately reclose.  Once 
the doors are fully open, they shall remain open until the closing 
procedure is initiated as described herein. 


4) After registration of a Car Call, doors shall be closed by constant 
pressure on the door close button. 


5) Car Calls registered in error may be cancelable by momentary 
operation of the cancel button. 


6) Upon completion of the door close operation and the registering of a 
Car Call, car shall travel to the Car Call floor and stop with the doors 
closed. 


7) Car shall operate only by registration of a Car Call in the car and does 
not respond to Hall Calls. 


8) Door reopen devices rendered inoperative in Phase I Operation shall 
remain inoperative. 


9) Turning Key-operated switch in the hall to the Off position, Hold 
position, or resetting the smoke/combustion sensors shall not override 
car switch. 
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10) Appropriate Firefighter’s Service key switch, jewel, fire, and call 
cancel buttons, door open, door close buttons, and instructions 
shall be grouped together at seventy-two inches (72”) in the top 
of the main car operating panel behind a locked panel.  Panel 
shall have hairline joints and concealed hinges. 


 
E. Battery Powered Lowering Device:  


1. Shall have recharging capabilities. 
2. Shall have an ON/OFF switch and a test switch. 
3. Shall function as follows: 


In the event of a loss of normal electrical service, shall automatically activate. 
a. Upon activation, elevator shall safely descend to the lowest landing. 
b. Doors shall remain closed until proper landing is reached at which time 


the doors shall automatically open.  
c. Elevator shall safely shut down until normal power is restored.  
d. When normal power is restored, device shall reset and be functional for 


future events.  
 


F. Car Top Inspection: 
1. An inspection station shall be provided on top of the car for operation of car at 


low speed by authorized personnel.  Station shall contain an inspection toggle 
switch, UP and DOWN buttons, and a Run/Stop toggle switch.  A safety button 
shall be provided.  When car top inspection switch is turned to Inspection 
position, car shall be put on inspection operation. 


2. Car shall be run either UP or DOWN by constant pressure on the UP or DOWN 
button and the safety button providing doors are closed and the safety circuit is 
made.  Releasing the button shall cause car to stop immediately.  Turning the 
Run/Stop switch to the Stop position shall render the car inoperative. 


3. Turning the inspection switch to the Run position shall restore car to automatic 
operation. 


4. Car top light and power outlet shall be provided.  It may be an integral part of 
car top inspection station or a separate unit. 


5. Car top shall have code compliant railings and kick plates. 
 


2.7 HYDRAULIC MACHINE ROOM EQUIPMENT 
 


A. General:  Arrange equipment to fit in machine room space and meet all clearance 
code requirements.  Provide identifying numbers on pumping unit, oil cooler, 
controller, and disconnect switch.  Comply with N.E.C. Article 110-16a Working 
Clearances. 


 
B. Pump Unit: 


1. Provide positive-displacement type with a maximum ten percent (10%) 
variation between no load and full load and with minimum pulsations. 


2. Pump unit must be self-contained and sound-isolated. Frame to have structural 
channels having a section depth equal to or greater than 1/10


th
 the maximum 


frame dimension.  Provide cross members as required to support the unit.  
3. Pump shall be V-belt (dry type).   
4. Motor shall be rated and capable of providing a minimum of 120 starts per 


hour. 
5. Valve shall be integral type. 
6. Oil coolers with temperature control, ½ HP motor.   
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7. For pump units located on occupied floors:  Furnish four (4) stable steel springs with 
integral seismic restraints, having a minimum static deflection of one (1) inch.  Locate 
springs at the four corners of the unit and attach to the auxiliary frame or unit with 
height-saving brackets.  Provide a minimum clearance of one (1) inch between the 
bottom of the frame or unit and the slab below.  Vibration isolators shall be Mason 
Industries Type SLR or approved equal. 
 


C. Oil Reservoir:  Provide oil reservoir (tank) with capacity equal to plunger displacement plus 
an additional twenty-five (25) percent.  Tank heaters, oil level gauge, and strainers shall be 
provided.   


 
D. Hydraulic Oil:  Hydraulic oil type to be ISO VG 32 turbine oil with a viscosity of 150 ssu @ 


100o F (38o C).  A minus pour point is recommended.  A bio-degradable (vegetable) oil that 
does not contain a high acidic property is acceptable if it meets the same specifications. 


 
E.     Hydraulic Silencer:  Provide hydraulic silencer containing pulsation-absorbing material in a 


blowout-proof housing between pump unit and cylinder. 
 


F. Controller: 
1. Non-Proprietary MCE 2000 Microprocessor-based control devices shall be housed 


in an enclosed, free-standing, NEMA I cabinet and be capable of wall or floor 
mounting.   


2. Printed circuit boards shall be of the highest quality and shall be fitted into 
permanently aligned sockets. 


3. Supervisory unit shall be programmable to allow for on-site modifications. 
4. Individual car controller shall be designed to control the starting, acceleration, 


deceleration, and stopping of the elevator.  Controller shall automatically cut the 
power supply and stop the car in response to the operation of a safety device.  
Electro-mechanical contactors shall be used to provide code-required safety circuit 
protection.  All switches and contactors shall be mounted for easy access.  All 
switches and contractors shall be approved and rated for the duty required. 


5. Controller wiring shall be flame-resistant and neatly formed and tied.  The terminals 
shall have suitable means of permanent identification.   


6. No mechanical timers shall be used.  Timers shall be of electronic components.  All 
timers shall be field programmable without requiring system shutdown.  Arrange 
circuits for prevention of accidental grounding defeating the safety circuits.   


7. Program controller to identify a low oil condition or inability of elevator to reach the 
top landing within a pre-programmed time.  


8. Provide Nordic Soft Start rated at a minimum fifty-seven (57) percent of motor 
horsepower rating. 


9. Provide battery-powered lowering device which may be an integral part of controller 
or separate unit. 


 
G. Piping: 


1. All piping shall be a minimum of Schedule 40 with a 500-pound working pressure.  
2. All piping to be above ground and accessible and not crossing any expansion joints. 
3. Flexible hoses will not be acceptable in any part of feedline. 
4. Sound couplings shall be installed in feedlines between the pumping unit and the 


jack assembly. 
5. Where piping is suspended, utilize neoprene vibration isolation hangers. The vibration 


isolators shall be Mason Industries Type HD with a minimum static deflection of 0.2 
inches. 
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6. Where piping is floor mounted, utilize Unistrut saddle supports with neoprene vibration 
isolation hangers.  The vibration isolators shall be Mason Industries Type ND with a 
minimum static deflection of 0.2 inches. 


7. Provide vibration-isolated couplings between the pump unit and oil lines.  
8. Provide an oversized opening through the slab or wall for the oil line penetration. Utilize 


a sleeve having a diameter equal to two inches greater than the oil line.  Center the oil 
line in the sleeve. Pack the opening with an approved resilient material which maintains 
the required fire separation. 


 
2.8 WIRING AND TRAVELING CABLES 


 
A. Wiring: 


1. General: 
a. Wiring shall be installed for the proper operation of equipment. 
b. Wiring shall be in strict compliance with applicable codes.  
c. Wiring shall be completely and adequately enclosed in raceway, 


conduit, or gutters.  Raceway, conduit, and/or gutters must meet 
applicable codes.  Flexible metal conduit may be used for short runs 
(maximum thirty-six [36] inches).  Raceways, conduits, and/or gutters 
shall be configured so as to not damage wire being installed within or 
pulled-through. 


d. Wiring shall be properly identified with marking tags to correspond with 
field wiring diagrams. 


e. Wiring shall be copper; solid wire not acceptable. 
f. Wiring shall contain Underwriters Laboratories labels. 


2. Machine Room Wiring:  Shall be sized for appropriate type of current loads.   
3. Communication Cable:  Shielded communication cable shall be furnished for 


interconnections of controllers.  
4. Power Wiring:  Wiring of proper size and type to provide for proper electrical 


protection of furnished equipment. 
5. Hoistway Wiring:  Wiring of proper size and type to provide for proper electrical 


protection of furnished equipment. 
6. Wiring between Hoistway and Machine Room:  Wiring of proper size and type 


to provide for proper electrical protection of furnished equipment. 
7. Hoistway Door Interlocks Wiring:  Shall be type “SF” high-temperature resistant 


wiring.  Splicing of “SF” high-temperature wire in gutter, raceway, or conduit is 
not allowed; all runs to run back to controller. 


 
B. Traveling Cables: 


1. Shall be furnished with an adequate number of conductors.  All traveling cables 
shall not contain over seventy-five (75) conductors per cable.  Ten (10) percent 
spares shall be provided in all traveling cables.  Cables shall contain No. 14-
gauge wires for lighting supply.  Provide eight (8) #20 AWG shielded twisted 
pairs for card readers and one (1) RG 6 coaxial cable. 


2. Shall be suspended so as to minimize strain on individual copper conductors.  
Shall be supported per Code. 


3. Traveling cable supports shall be located so as to minimize the possibility of 
damage due to cables coming in contact with hoistway construction or 
equipment in the hoistway.  Where necessary, suitable guards shall be 
provided. 


4. Shall have an outer covering that is flame-retardant and moisture-resistant, and 
satisfies the Underwriters Laboratories Standard Test. 


5. All wiring shall be properly identified to provide for easy connections. 
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2.9 SIGNAL EQUIPMENT-PASSENGER ELEVATORS 
 


A. Car Control Stations: 
1. A swing car return panel shall be provided manufactured from 1/8” stainless steel 


material with No. 4 finish.  Panel shall contain vandal-resistant floor call buttons 
corresponding to the number of floors served plus the standard devices of door 
open, door close, alarm, emergency stop buttons and certificate frame. 


2. Passenger elevator car controls shall have a minimum dimension of ¾ inch and 
shall be raised 1/8 inch above the surrounding surface. Control buttons shall be 
vandal resistant LED illuminated shall have square shoulders and shall be activated 
by a mechanical motion that is detectable. All control buttons shall be designated by 
5/8 inch minimum raised characters and standard raised symbols immediately to the 
left of the control button. Contracted (Grade 2) Braille shall be located immediately 
below the character or symbol. A minimum clear space of 3/8 inch or other suitable 
means of separation shall be provided between rows of control buttons. The raised 
characters and symbols shall be white on a black background. 


3. Standard required cluster of devices shall be located at a centerline height of 35 
inches from cab floor to comply with handicap requirements.  All standard required 
devices and floor call buttons shall have handicap indications adjacent to them. 


4. Engrave car operating panel as indicated below.  Engraving shall be filled with 
epoxy of contrasting color. 
a. Capacity of elevator shall be in ¾” numerals/lettering. 
b. Number of passengers shall be in ¾” numerals/lettering. 
c. Elevator number shall be in ¾”’ numerals/lettering. 
d. Phase II Fire Emergency Instructions shall be sized per Code. 


5. Provide a hands-free telephone meeting all ADA regulations.  Mount behind a 
pattern of holes in the swing return.  It shall be identified by a raised telephone 
symbol and corresponding Braille lettering and located adjacent to the device.  
Provide all wiring to make function as required.  Program automatic dialer as 
directed.  ADA Communication device shall be Talk-A-Phone Model EPT 400. 


6. Firefighter’s Service key switch, jewel, fire and call cancel button, door open button, 
door close button, and instructions shall be grouped together at the top of the main 
car operating panel behind a locked panel.  Firefighter’s service key switches to be 
ERM “KS” type.  Panel shall have hairline joints and concealed hinges. All buttons  
and switches must be readily available and not more than seventy two (72) inches 
above floor.  


7. Provide cut-out and Plexiglas cover for card/proximity reader.  Card reader by 
Others. 


8. For service cabinet, provide as a minimum, independent service key switch, fan and 
dimmer light switches, duplex convenience outlet, keyed stop switch, inspection 
switch, nudging buzzer, means to test emergency light.   These switches shall be 
clearly identified as to their function.  Service cabinet shall be integrated into car 
operating panel.  Cabinet door shall be lockable with concealed hinges and hairline 
joints.  All key operated switches shall be Sargent “SDS” 700-800 Series switches.  
Key switch for Sargent cylinder to be flush mounted type HBF-CC-KA self-centering 
key switch. (www.sdcsecurity.com) 


9. Service Elevator Only:  Provide door hold button to hold doors open for loading and 
unloading.  Door hold open time to be adjustable from one (1) minute to ten (10) 
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minutes.  Pushing door hold button while door is open shall cancel the remaining 
time, close doors, and allow the elevator to return to service. 


 
B. Rear Car Control Station - Elevator 1 Only 


1. An auxiliary swing car return panel shall be provided manufactured from 1/8” 
stainless steel material with No. 4 finish.  Auxiliary car operating panel shall be 
furnished to be installed on the opposite side of the car door entrance from the 
main operating panel.  The auxiliary panel shall include the standard operating 
devices essential for passenger operation. 


3. This panel shall be located at the same height as the main car operating panel 
and shall contain a cover plate of the same design as the main car operating 
panel.   


3. Only normal passenger operated devices shall be located in this panel. 
4. Other devices such as telephone, intercom, or special requirements may be 


included if space for these devices is not adequate in main panel. 
5. All devices that are duplicates of main operating panel devices shall be of the 


same design as the main panel devices and be access compliant. 
 


C. Car Position Indicator: 
1. An electronic readout type position indicator shall be provided to give a visual 


indication of car position. 
2. As car travels through the hoistway, numeral corresponding to floor at which 


car has stopped or is passing shall be displayed on the position indicator.  The 
numeral shall be formed on a 7-segment LED or “dot matrix” display, from 
information received from the controller.  Change from one numeral to another 
shall be instantaneous and complete. 


3 Readout size letters shall be minimum two (2) inches in height. 
4. Readout shall be located in the swing return panels. Front and rear on elevator 


1. 
5. As the car passes or stops at a floor served by the elevators, the corresponding 


numerals shall illuminate, and an audible signal shall sound. Numerals shall be 
a minimum of one-half (½) inch high. The audible signal shall be no less than 
twenty (20) decibels with a frequency no higher than 1,500 Hz.  An automatic 
verbal announcement of the floor number at which a car stops or which a car 
passes may be substituted for the audible signal.  


 
D. Hall Pushbutton Stations: 


1. Provide one (1) riser of corridor vandal-resistant call buttons.  Button assembly 
shall consist of a single LED illuminated button for each terminal landing.  
Button assembly shall consist of two LED illuminated buttons for intermediate 
landing.  Locate hall pushbutton stations to allow view of car directional 
lanterns. 


2.  Button or other indication shall be illuminated when it is pressed for the desired 
direction and the action registered in the group control.  Buttons shall be 
identical to  


  floor call buttons in car operating panel unless specifically detailed to be of 
other designs.  The centerline of the hall call buttons shall be forty-two (42) 
inches above the floor. Buttons shall be a minimum of three-quarter (¾) inch in 
size and shall be raised one-eighth (1/8) inch above the surrounding surface.  
Button designating the up direction shall be on top 


4. A Fireman’s Service switch assembly shall be provided at the Fire Recall 
Floor(s) as required by Code.  Fireman’s Service switch may be located in Fire 
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Recall Floor pushbutton riser.  Firefighters service key switches to be ERM 
“KS” type. 


5. Engrave fire exiting pictograph and instructions on faceplates.  Engraving shall 
be filled with epoxy of color per Code. 


 
E. Hall Lantern and Position Indicator, All Floors  


1. A hall direction lantern fixture with UP lanterns and electronic readout type position 
indicator shall be provided to give a visual indication of the car position. 
a. When car first receives an indication to run, the lantern corresponding to the 


up direction of travel illuminates.  When car stops in response to a call and 
the doors start to open, if a lantern is illuminated indicating that the car has a 
direction for further travel, the gong sounds.  The gong sounds once when 
the UP lantern is illuminated.  Illumination to LED type. 


b. A visual and audible signal shall be provided at hoistway entrance indicating 
to the prospective passenger the car answering the call and its direction of 
travel. The visual signal for each direction shall be a minimum of two and 
one-half (2½) inches high by two and one-half (2½) inches wide and visible 
from the proximity of the hall call button. The audible signal shall sound 
once for the “up” direction and or shall have verbal annunciators that say 
“up.”  The centerline of the fixture shall be located a minimum of six (6) feet 
in height from the lobby floor. 


 
2.10 DOOR OPERATING EQUIPMENT 
 


A. Door Operator: 
1. A passenger-type master door operator shall be furnished to open and close car and 


hoistway doors simultaneously.  Door movement shall be electrically controlled 
throughout entire travel of doors. 


2. Door Control – Compatible with Control Logic:  Operator shall be controlled with a 
controller compatible to control logic provided.  Operation of the doors shall be 
controlled by open and close commands from the microprocessor signal logic.  
Operation shall be provided with a motor of adequate horsepower for opening size.  
Operation shall be fully controlled for smooth consistent operation. Opening speed 
shall be a minimum of two (2) FPS and closing speed shall be adjustable to meet 
the force and torque requirements of applicable codes. 


3. Door Control – Solid State Closed Loop:  Control of the operator shall be solid-state 
closed loop type.  Speed of the operator shall be controlled by a calculated 
computerized curve with separate acceleration, deceleration, and full speed 
adjustments.  Door movement at high speed shall be the same for all doors of an 
elevator regardless of hoistway door panel weights.  Door position shall be digitized 
to provide accurate position information at all times as part of the feedback loop.  
Reversals shall require a minimum of travel prior to direction change so as to reduce 
physical contact.  Control shall be designed to provide a range of speeds to be 
selected by control system for various door speeds according to traffic demand. 


4. Door Coupler:  A mechanical coupler to connect car and hoistway door shall be 
provided.  Operation of coupler shall provide driving motion of hoistway doors for  
full open and full close direction.  Drive rollers shall remain engaged to prevent 
separation of hoistway doors from car doors. 


5. Car Door Contacts:  Each elevator car door shall be equipped with an approved 
electric contact which shall prevent the operation of the elevator driving machine by 
the normal operating device unless car door is in closed position except when the 
car is in the landing zone and is either stopped or being stopped.  Car door contacts 
shall be so located that they are not readily accessible from inside of car. 
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6. Car Door Hangers and Tracks:  Car door hangers and tracks shall be provided 
for each car door.  Hangers and rollers shall be designed for high-speed power 
operation and have provisions for horizontal and vertical adjustments.  Hangers 
shall be designed for two-point suspension of each door panel.  Hanger 
sheaves shall have a resilient surface and pre-lubricated sealed bearings.  
Hangers shall be provided with upthrust adjustments to prevent sheaves from 
being removed from track unless upthrusts are loosened.  Tracks shall be a 
shaped finished surface to fit the sheave profile and of adequate strength to 
properly support doors and periphery equipment without deflection of track. 


7. Door Restrictors:  Restricted opening of hoistway doors and/or car doors shall 
be provided in accordance with ASME A17.1 Rule 111.12. 


 
B. Car Door Protection Device: 


1. Provide infrared curtain using beams of invisible infrared light to protect 
passengers against closing of elevator doors.  This reopening device shall also 
be capable of sensing an object or person in the path of a closing door without 
requiring contact for activation at a nominal five (5) inches and twenty-nine (29) 
inches.  Door-reopening devices shall remain effective for a period of not less 
than twenty (20) seconds. After such an interval, doors may close in 
accordance with the requirements of ASME A17.1.   
a. Curtain to have a minimum of one hundred fifty-four (154) infrared 


beams 
b. Detectors shall illuminate green as doors are opening, flash red as 


doors start to close, and stay red as doors move together. 
2. Car doors shall have an electronic obstruction nudging reopening device. 


a. Device shall automatically reinstate operation after blockage is cleared. 
3. Doors shall be held open for a normal cycle of five (5) seconds and shall be 


reopened by beam interruption. 
a. Time shall be adjustable within control panel. 


 
2.11 HOISTWAY ENTRANCES 


 
A. Hoistway Entrances:   


1. Passenger elevator hoistway entrances shall be 3’6” x 7’0”. 
2. Service elevator hoistway entrances shall be 4’0” x 8’0”.   
3. Entrance assemblies shall bear 1-½ hour U.L. rating.   
4. Entrances shall include hoistway door unlocking devices and service keys per 


code.   
5. Sills, struts, hanger supports, hanger covers, and unit frames shall be set in 


proper relation to the elevator car guides.   
6. Sills shall be aluminum on passenger elevator and nickel silver on service 


elevator. 
7. Finish to No. 4 satin stainless steel. 
8. Frames shall have a protective covering for finished surfaces.  The frames shall 


be formed of not lighter than 14-gauge steel with head and jamb sections 
bolted together. 
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9. Elevator landing jambs on all elevator floors shall have the number of the floor on 
which the jamb is located designated by raised characters that are a minimum of two 
(2) inches in height on center above the floor on the jamb panels on both sides.  On 
the main entry level, a raised five-pointed star shall be placed to the left of the raised 
character. The outside diameter of the star shall be two (2) inches and all points 
shall be of equal length. Raised characters, including the star, shall be white on a 
black background.  Contracted (Grade 2) Braille shall be placed below the 
corresponding raised characters and the star.  The Braille translation for the star 
shall be “MAIN.”  Permanently applied plates are acceptable if they are permanently 


 
B. Hoistway Doors:   


1. Passenger elevator doors shall be center opening, 3’6” x 7’0”.    
2. Service elevator doors shall be two- speed side opening, 4’0” x 8’0”. 
3. Door panels shall bear one and one-half (1-½) hour U.L. rating. 
4. Doors shall be formed of not lighter than 16-gauge steel and all joints shall  
 be bolted.   
5. Bottom of the doors shall be provided with removable laminated phenolic guides, 


minimum two (2) per door, which run in the sill slots.   
6. Door shall be reinforced for separate hangers or built to include integral hangers.  
7. Finish to No. 4 satin stainless steel. 


 
C.  Hoistway Door Hangers and Tracks:  Door hangers and tracks shall be provided for each 


hoistway door.  Hangers and rollers shall be designed for high speed power  
operation and have provision for horizontal and vertical adjustments.  Hangers shall be 
designed for two-point suspension of each door panel.  Hanger sheaves shall have a 
resilient surface and pre-lubricated sealed bearings.  Hangers shall be provided with 
upthrust adjustment to prevent sheaves from being removed from track unless upthrusts are 
loosened.  Tracks shall be a shaped finished surface to fit the sheave profile and of 
adequate strength to properly support the doors and periphery equipment without deflection 
of track. 
 


D. Hoistway Door Interlocks: 
1. An electro-mechanical interlock shall be provided for each hoistway entrance. 


Interlock system shall be a tested and approved system to comply with applicable 
codes.  Interlocks shall prevent operation of the car away from landing unless doors 
are in closed and locked position as defined by applicable codes.  Provide type “SF” 
high temperature wiring for hoistway interlock circuits.  Inline or butt splicing will not 
be allowed in hoistway raceway, conduit, or gutter. 


2. Unlocking Devices:  Emergency devices and keys for opening hoistway doors from 
the landing shall be provided per Code. 


 
E. Door Closers:  Each door shall be provided with a “reel” type spring closer.  Device shall be 


capable of closing the door from any position of the opening and maintain when they are not 
connected to car door coupler.  Broken arm “jack-knife” type door closers are acceptable if 
required by door design.  Sash weight type door closers shall not be allowed. 


 
F. Sills:  Sills shall be aluminum on passenger elevator and shall be nickel silver on service 


elevator.  Grooves for door guides shall have a minimum clearance for the guides.  Sill shall 
be supported on steel brackets securely fastened to structural supports. 
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G. Fascia Plates:  Shall be made of steel reinforced to insure a flat even surface throughout and 
shall be securely fastened to hanger housings and sill above. 


 
H. Toe Guards:  Entrance side of platform shall be provided with a smooth metal guard 


plate of not less than 0.0598-inch thick steel or equivalent strength and stiffness.  It 
shall be adequately reinforced and braced to car platform.  It shall extend not less than 
the full width of widest hoistway door opening.  It shall have a straight vertical face 
extending below the floor surface of the platform of not less than the depth of the 
leveling landing or truck zone plus three (3) inches, but not less than twenty-one (21) 
inches.  Lower portion of the guard shall be bent back at an angle of not less than sixty 
(60) degrees nor more than seventy-five (75) degrees from the horizontal. 


 
I. Headers:  Shall be constructed of sufficient size and thickness to provide support for 


the frame and hangers and shall be securely bolted to the strut angles or closer support 
angles. 


 
J. Struts and Closer Steel Angles:  Shall be furnished of sufficient size to 


 accommodate the door closers.  Angles shall be continuous and securely bolted to 
the sills and building beams above or bracketed from a point above the header to the 
guide rails. 


 
K. Hanger Covers:  Shall be made of steel and shall be of the removable type.  Shall be 


arranged to insure hanger accessibility from within car. 
 
 


2.12 HYDRAULIC HOISTWAY EQUIPMENT 
 


A.       Hydraulic Cylinder Assembly 
1. Well Hole:  Elevator Contractor shall become familiar with the project and all 


existing conditions.  Elevator Contractor shall be responsible drilling well hole. 
2. Well Hole Casing:  Elevator Contractor shall provide a 10-gauge steel well hole 


casing.  Casing shall be twelve (12) inches larger in diameter than the hydraulic 
cylinder to be installed.  Well casing shall have welded watertight joints and 
closed, watertight bottom. 


3. PVC Casing:  A 3/8” PVC casing shall be provided.  PVC casing shall have 
watertight sealed couplings and watertight bottom end caps.  PVC casing shall 
be six (6) inches larger inside diameter than the outside diameter of the 
hydraulic cylinder to be installed.  PVC is to extend a minimum of eight (8) 
inches above pit floor or to bottom of pit channels. 


4. Hydraulic Cylinder 
a. To be made from electric-resistance welded ASTM-A53 Grade B pipe 


and must meet requirements of ANSI A17.1 Elevator Code.   
b. Bottom of cylinder shall be equipped with a safety bulkhead welded in 


place with an orifice to meet code requirements and closed with a 
forged seamless cap, butt welded to end of cylinder.   


c. Shall be free from rust and scale.  Shall be equipped with a heavy coat 
of epoxy or mastic and be wrapped with 20 mil Tapecoat, Glasswrap, 
Trantex, or approved equal. 


5. Cylinder Head:  Shall be made from carbon (60,000 PSI tensile) steel.  Shall be 
designed for 500 PSI oil service at sixty-five (65) degrees centigrade. 


6. Packing:  Shall be “U” type packing.  An oil line return feature shall be 
incorporated into the packing stack, with cylinder heads drilled and tapped for 
piping to tank. 
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7. Plunger:  To be manufactured from steel pipe (A53, Grade B) or equivalent 
mechanical tubing.  Shall be straight within 1/16 inch and ground to 24-32 or better 
micro-inch finish.  If a multiple-piece plunger is required for the project, the coupling 
ends shall be machine-bored, faced, and internally threaded to receive the coupling. 


8. Installation 
a. Set PVC casing within steel well hole casing.   
b. Backfill between PVC casing and steel well hole casing with clean dry 


neutral well tamped silica sand.   
c.      Set hydraulic cylinder within PVC casing.    
d.      Hydraulic cylinder and plunger shall be plumb within 1/16 inch.   
e. The annulus between the cylinder and the top of the protective plastic 


casing shall be sealed and provided with means of inspection for the 
presence of oil. 


9. Support cylinder on grade-mounted slab by use of neoprene pads with a minimum 
static deflection of 0.1”.  The isolators shall be Mason Industries Super W Pad or 
approved equal.  Ensure a one (1) inch gap is maintained all around and beneath 
cylinder below grade so that cylinder does not contact anything other than neoprene 
pads specified above. 


 
B. Pit Valves: 


1. A code-compliant gate valve shall be installed between hydraulic cylinder and 
hydraulic pumping unit. 


2. Overspeed Shut-Off Valve:  Provide an regulated Overspeed Shut-Off valve 
designed to provide protection against supply line failure or overspeed in the  
down direction.  Overspeed Valve shall comply with ASME A17.1-1993 Rule 2410.6 
requiring seismic safety valves. 


 
C.      Pit Stop Switch:  A stop switch shall be provided in the elevator pit.  Switch shall be 


designed to cut off power to elevator pump motor and bring car to rest independent of 
regular operating devices.  Switch shall be accessible from pit access door or pit ladder.   


 
D.        Scavenger Pump:  Provide electrically-operated scavenger pump with storage reservoir 


and float-activated or other automatic means to return oil to system.  Provide one-half (1/2) 
inch copper tubing for oil return line. 


 
E.        Limit Switches: 


1. Normal and final terminal stopping devices shall be provided for the elevator at 
each terminal.  Terminal stopping devices shall have rollers with rubber or other 
approved composition tread to provide silent operation when actuated. 


2. Normal terminal stopping devices shall be provided and arranged to stop the car 
automatically from any speed obtained under normal operation within top and 
bottom over travels, independent of operating devices, final terminal stopping 
device, and buffers. 


3. Final terminal stopping devices shall be provided and arranged to stop car 
automatically from the speed specified within top clearance and bottom over 
travel independent of the operation of normal terminal stopping device, but with 
buffers operative.   When the final terminal stopping devices operate, normal 
operation in either direction shall be prevented. 


 
F. Buffers – Spring:  Provide suitable spring buffers with necessary blocking and supports 


under elevator car.  Buffers shall be of proper stroke and capacity per Code.   
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G. Car Sling:  A car frame to support the elevator platform and enclosure shall be provided. 


1. Frame members shall be made of steel and of adequate strength to support 
finished cab, capacity, and platform, along with all associated equipment. 


2. Design shall support buffer impact.  Mounting plate for guide shoes, buffer 
strike plates, and platform supports shall be provided. 


3. Balance frame shall be provided to allow for proper balancing of car 
assembly after all equipment is mounted.  Assembly shall be such that it can 
be mounted and contain adequate weights to keep pressure on roller guides 
to fewer than fifty (50) pounds of force on roller after balancing. 


 
H. Platform:   Shall be provided for specified capacity and Class C3 loading for service 


elevator, consist of a steel frame with suitable LEED Certified sub-flooring and a 
finished floor.  The underside of platform shall be properly fireproofed.  Platform 
connection to the frame assembly shall be isolated.  Support frame shall carry 
isolation pads on which the platform shall rest without any metal connection to the 
steel frame.  Isolation pads shall effectively isolate the cab from the frame assembly.  
All auxiliary apparatus shall be substantially supported. 
1. A proper length toe guard shall be provided and securely mounted to the 


entrance sill for all car openings. 
2. Platform shall be provided with one metal sill with fluted tread and suitable 


grove for car door guides.  No fastenings or holes shall be exposed in the 
entrance are of the top-side of the sill. 


3. Sill must extend the full width of the platform.  Sill to be recessed for stone 
flooring.  


 
I. Car Guide Rails: 


1. Shall be T-Type of proper size to comply with specified loads and per codes. 
2. Guide rails shall be accurately machined standard section guide rails with 


tongue and grooved joints for the car weighing not less than specified per 
Code. 


3. Machine splice plates shall be used to form the rail joints.  Each splice plate 
shall be so located so as not to interfere with the brackets and clips. 


4. All guide rails shall be erected parallel to a maximum deviation of one-eighth 
(1/8) inch, +/- one-sixteenth (1/16) inch. 


5. Except for guide shoe surfaces, rails shall be painted. 
 


J. Rail Backing:  Provide rail backing where the distance between support framing is 
greater than required by Code.  


 
K. Rail Brackets: 


1. Shall be securely mounted and designed to allow for proper rail alignment. 
2. Shall be of sufficient strength for the rail forces based upon calculation per 


codes. 
3. Inserts for bracket mounting shall be used when concrete beams, walls, or 


concrete block walls over eight (8) inches thick, are used to support guide 
rail brackets. 


4. Paint brackets after final installation. 
 


L. Roller Guides: 
1. Roller guide shoes shall be furnished, securely bolted to car frame at top 


and bottom.  Each roller guide shall consist of, as a minimum, a set of three 
(3) sound-reducing wheels in precision type call bearings and held in 
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contact with rail surfaces by means of adjustable spring-loaded devices.  
Roller guides shall run on dry un-lubricated guide rails. 


2. Roller guides shall be properly aligned in respect to rail surface. 
 


2.13 CAR ENCLOSURE – PASSENGER ELEVATOR  
 


A. General:  Provide metal cab as specified below and architectural interior finish drawings. 
 
B. Enclosure:  ADA-compliant shell.  6'-8" Wide clear inside from finish side of removable 


panels on side walls.  5'-5" Deep clear inside.  Enclosure shall include a flush design car 
door, car lighting fixture, ventilation, car top railing as required by code, and inspection 
certificate frame.  It shall be manufactured from 14-gauge sheet steel and be eight (8) feet 
tall.  Canopy shall be manufactured from 12-gauge steel and be sufficiently reinforced.  
When complete, cab must be free from squeaks, rattles, and light leaks.  Cab shall be 
sufficiently isolated from car frame.  Cab walls are to be insolated with sufficient sound 
deadening material.  Cab shell to be baked enamel. 
 


C. Cab interior allowance for wall finishes, ceiling, lighting and flooring - $40,000.  
 
D. Car Doors:  Door panels shall be formed of not lighter than 16-gauge steel and all joints 


shall be welded.  Bottom of doors shall be provided with removable laminated phenolic 
guides, minimum two (2), which run in the sill slots.  Door shall be reinforced for separate 
hangers or built to include integral hangers and shall contain suitable material for sound 
deadening.  Provide full length neoprene astragals.  Finish car side with No. 4 satin 
stainless steel and return finish one-half (½) inch around edge of doors. 


 
E. Sill:  Sill shall be aluminum.  Grooves for door guides shall have a minimum clearance for 


guides.  Sill shall be supported on steel brackets securely fastened to structural supports.   
 
F. Front Return Panels/Jambs:  Provide swing returns, fabricated from 14-gauge No. 4 satin 


stainless steel. Transom shall be full width of cab. 
 
G. Interior Wall Panels Finish Allowance:  In Cab Interior Allowance. 
 
H. Handrail:  Provide handrail on rear wall of cab.  Handrail shall be manufactured from one 


and one-half (1-1/2) inch diameter satin stainless steel with matching brackets.  Handrail 
shall be mounted at handicap and ADA-prescribed height.  Handrail fastenings shall hold as 
a minimum a two hundred fifty (250) pound person without separating from wall.  Handrail 
included in interior allowance. 


 
I. Base:  Included in Cab Interior Allowance. 
 
J. Ceiling and Lighting:  Included in Cab Interior Allowance. 
 


K. Emergency Lighting:  Furnish a self-rechargeable, battery driven, emergency car lighting 
device mounted on the top of car.  Emergency light to be in ceiling.  Emergency light shall 
function in accordance with and meet all current code requirements.  Provide a means to 
test emergency light device in service cabinet.  Provide energy-efficient fixtures sufficient to 
provide five (5) fc at car threshold and uniform illumination at handrail height, with doors 
closed.  Not less than two (2) lamps shall be provided. 
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L. Ventilation:  Furnish two-speed, Morrison heavy-duty squirrel exhaust fan.  Fan is to be 
installed on car top.  Fan shall be sufficiently isolated from canopy.  Provide concealed 
vents above base and ceiling as required. 


 
M. Emergency Exit:  An emergency exit meeting current code requirements shall be 


located in the canopy.   
 


N. Finish Flooring:  Included in Cab Interior Allowance. 
 
O. Pads and Hooks:  Provide one (1) set of protective pads and hooks for each cab.   


 
2.14 CAR ENCLOSURE – SERVICE ELEVATOR  


 
A. General:  Provide metal cab as specified below and architectural interior finish 


drawings.  
 
B. Enclosure:  ADA-compliant shell.  6'-8" Wide clear inside from finish side of removable 


panels on side walls.  7'-11" Deep clear inside.  Enclosure shall include a flush design 
car door, car lighting fixture, ventilation, car top railing as required by code, and 
inspection certificate frame.  It shall be manufactured from 14-gauge sheet steel and 
be nine (9) feet tall.  Canopy shall be manufactured from 12-gauge steel and be 
sufficiently reinforced.  When complete, cab must be free from squeaks, rattles, and 
light leaks.  Cab shall be sufficiently isolated from car frame.  Cab walls are to be 
insolated with sufficient sound deadening material.  Cab shell to be baked enamel.     


 
C. Cab Interior: Cab interior allowance for wall finishes, ceiling, lighting and flooring - 


$45,000. 
 
D. Car Doors:  Door panels shall be formed of not lighter than 16-gauge steel and all 


joints shall be welded.  Bottom of doors shall be provided with removable laminated 
phenolic guides, minimum two (2), which run in the sill slots.  Door shall be reinforced 
for separate hangers or built to include integral hangers and shall contain suitable 
material for sound deadening.  Provide full length neoprene astragals.  Finish car side 
with No.4 stainless steel and return finish one-half (½) inch around edge of doors. 


 
E. Sill:  Shall be nickel silver.  Grooves for door guides shall have a minimum clearance 


for guides.  Shall be supported on steel brackets securely fastened to structural 
supports.   


 
F. Front Return Panels/Jambs:  Provide swing returns, fabricated from 14-gauge No. 4 


satin stainless steel. Transoms shall be full width of cab. 
 
G. Interior Wall Panels:  Included in Cab Interior Allowance. 
 
H. Handrail: Provide handrail on side and rear walls of cab.  Handrail shall be 


manufactured from one and one-half (1/2) inch diameter satin stainless steel with 
matching brackets.  Handrail shall be mounted at handicap and ADA prescribed 
height.  Handrail fastenings shall hold as a minimum a two-hundred fifty (250) pound 
person without separating from wall.  


 
I. Guardrails:  Provide guardrail of 8” x 3/8” solid stainless steel flat stock mounted on 


side and rear walls.  Locate the bottom of the guardrail at four (4) inches above the 
finish floor.  
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J. Base:  Provide three (3) inch high base below removable panels fabricated from No. 


4 stainless steel with code required vent slots.   
 


K. Ceiling and Lighting:  Included in Cab Interior Allowance 
 


L. Emergency Lighting:  Furnish a self-rechargeable, battery driven, emergency car lighting 
device mounted in canopy of car.  Emergency light shall function in accordance with and 
meet all current code requirements.  Provide a means to test emergency light device in 
service cabinet.  Provide energy-efficient fixtures sufficient to provide five (5) fc at car 
threshold and uniform illumination at handrail height, with doors closed.  Not less than two 
(2) lamps shall be provided. 


 
M. Ventilation:  Furnish two-speed, Morrison heavy-duty squirrel exhaust fan.  Fan is to be 


installed on car top.  Fan shall be sufficiently isolated from canopy.  Provide concealed 
vents above base and ceiling as required. 


 
N. Emergency Exit:  An emergency exit meeting current code requirements shall be located 


in the canopy.   
 
O. Finish Flooring:  Included in Cab Interior Allowance. 


 
P. Pads and Hooks:  Provide one (1) set of protective pads and hooks.   


 
PART 3 – EXECUTION 
 


3.1 EXAMINATION 
 


A. Examination of Site:  Prior to commencing elevator installation, inspect hoistways, 
hoistway openings, pits and machine rooms as constructed.  Verify that hoistway, pit, 
machine room and openings are of correct size and within tolerance and are ready for 
work of this section.  Notify General Contractor in writing of any dimensional 
discrepancies or other conditions detrimental to the proper installation or performance of 
elevator work.  Do not proceed with elevator installation until unsatisfactory conditions 
have been corrected in a manner acceptable to the installer.  Arrange for temporary 
electrical power to be available for installation work and testing of elevator components. 


 
B. Examination of Specifications:  Contractors shall thoroughly examine specification 


requirements.  Should any discrepancies arise between Contractor documents and the 
work to be performed or equipment to be provided, Contractor shall notify Owner, in 
writing, of such discrepancies at least seven (7) days prior to bid date.  If no 
discrepancies are presented to Owner at least seven (7) days prior to the bid date, then 
any changes required to plans or specifications become the responsibility of the 
Contractor and shall be performed by the Contractor at no additional cost to Owner.  


 
3.2 INSTALLATION 
 


A. Manufacturer’s Instructions:  Comply with all manufacturers’ written instructions. 
 


B. Codes and Regulations:  Comply with all applicable codes and regulations. 
 
C. Equipment Installation:  Install all equipment to allow for ease of access for maintenance 


and repair; to promote a safe operating condition; and to enhance equipment operation. 
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D. Welded Construction:  Provide welded connections for installing elevator work where 
bolted connections are not required for subsequent removal or for normal operation, 
adjustments, inspection, maintenance, and replacement of worn parts.  Comply with 
AWS standards for workmanship and for qualifications of welding operators. 


 
E. Sound Isolation:  Mount rotating and vibrating equipment on vibration-isolating 


mounts designed to minimize transmission of vibrations to structure and thereby 
minimize structure-borne noise from elevator system. 


 
F. Lubrication:  Lubricate operating parts of systems as recommended by 


manufacturers. 
 
G. Alignment:  Installation of hoistway entrances shall be such that the alignment of the 


cars is accurate with the entrances.  Where possible, delay final adjustment of sills 
and doors until car is operable in shaft.  Reduce clearances to minimum, safe, 
workable dimensions at each landing. 


 
H. Sills:  Set sills flush with finished floor surface at landing.  Fill space under sill solidly 


with non-shrink, non-metallic grout. 
 
I. Contract Speed:  Speed variation under any loading condition in either direction 


shall be no more than five (5) percent. 
 
J. Leveling Tolerance:  Leveling tolerance shall be one-eighth (1/8) inch, up or down, 


regardless of load and direction of travel. 
 
K. Manufacturer’s Name:  Manufacturer’s nameplates, trademarks, or logos not 


permitted on surfaces that are visible to the public. 
 
L. Final Clean Up:  At completion of installation, finishing touching shall include the 


following: 
1. Clean machine room floor of dirt, oil, grease, and brush-paint floor with one 


(1) coat of oil-resistant paint.  Color to be determined by Owner. 
2. Apply one (1) coat of field-applied machinery enamel to machine room 


equipment, hoistway equipment and all exposed equipment installed as part 
of this specification.  Exclude items that have an architectural finish.  Prior to 
applying the coat of enamel, remove all dirt, dust, oil, grease, grim, and 
scale. 


3. Any damage received to painted surfaces prior to final acceptance shall be 
repainted.   Additionally, all existing and new equipment that have only a 
primer coat shall receive one (1) final coat of gloss, oil-resistant or enamel 
paint, in Contractor’s customary colors.  


 
3.3 FIELD QUALITY CONTROL 


 
A. Permits:  Elevator Contractor shall obtain and pay for all necessary municipal and 


state permits. 
 


B. Testing:  Elevator Contractor shall advise Owner, Architect, and authorities having 
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jurisdiction, a minimum of five (5) business days in advance of the dates and time of 
performing tests.  Elevator Contractor shall submit a complete report describing the 
results of the tests. 


1. Acceptance Testing:  Upon completion of elevator installation and prior to 
permitting use of elevators, at the Elevator Contractor’s expense, Elevator 
Contractor shall provide instruments, weights, and personnel to conduct test 
recommended by ASME A17.1 and governing regulations and agencies.   


2. Operating Tests:  Load elevators to rated capacity and operate continuously for 
thirty (30) minutes over full travel distance, stopping at each level and proceeding 
immediately to the next.  Record temperature rise of elevator machine during 
thirty (30)-minute test period.  Record failure of elevators to perform as required.  
Perform operating test on one elevator of each type, capacity, speed, and travel 
distance. 


 
C. Test Requirements:  In the event that operation does not meet test requirements, 


Elevator Contractor shall promptly adjust, repair, or replace deficiency or defective 
equipment to fully satisfy the requirements of the tests. 


 
D. Elevator Consultant Evaluations - Job Progress Evaluations:  Periodically, throughout the 


installation, an elevator consultant will evaluate the job progress and workmanship of the 
Elevator Contractor with respect Contract Documents compliance.  Should any 
discrepancies or conflicts with the Contract Documents be noted during the evaluation, a 
punch list of the discrepancies will be presented to the Elevator Contractor.  Elevator 
Contractor shall immediately rectify the discrepancies listed in the punch list at no 
additional cost to Owner.  This process applies to a final progress evaluation prior to Final 
Acceptance of the installation. 


 
E. Final Acceptance:  Final acceptance of the modernization work will not be granted until all 


discrepancies of the Contract Documents are satisfied, all required testing has been 
performed and satisfied, all Project Completion Submittals provided to the Owner, permits 
and certificates received by the Owner, and Owner is satisfied that the installation is 
complete in all respects.  When the Final Acceptance requirements are met, final 
payment will be made to the Elevator Contractor.  


 
3.4 DEMONSTRATION 
 


A. Instruct Owner’s personnel in proper use, operation, and daily maintenance of elevators.  
Review emergency provisions, including emergency access and procedures to be 
followed at time of operational failure, and other building emergencies.  Train Owner’s 
personnel in procedures to follow in identifying sources of operational failures or 
malfunctions. 


 
B. Make a final check of each elevator operation with Owner’s personnel present and before 


date of Final Acceptance.  Determine that operation systems and devices are functioning 
properly. 


 
C. Should the Elevator Contractor be contracted by the Owner to provide continuing full 


maintenance service on the elevator equipment, Elevator Contractor shall fully explain the 
maintenance program and procedures to Owner.  


 
3.5 PROJECT COMPLETION SUBMITTALS 
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A. After completion of work and prior to final acceptance, submit the following documents.  
Final payment will not be made until received. 
1. Maintenance Manual:  Three (3) bound manuals with complete instructions on 


the maintenance of the system, schedule of required maintenance, and 
information on lubrication points and grade of lubricants. 


2. Operating Manual:  Three (3) bound manuals instructing on the proper use, 
function. and operation of the equipment. 


3. As Built Wiring and Straight Line Diagrams:  “As built” wiring and straight line 
diagrams, specific to this project, showing electrical connections, directions, and 
sequence of operation of devices connected with the elevators.  Any circuit 
changes, upgrades, or modifications to the system shall be updated on the wiring 
diagrams. 


4. Parts Catalogs:  List of all parts with part numbers. 
5. Maintenance/Diagnostic Tool:  One (1) elevator maintenance/diagnostic tool, if 


utilized.  The maintenance/diagnostic tool shall not be such that the useful life of 
the equipment, nor the normal and daily operation and function of the equipment, 
are compromised in any way. 


6. Inspection and Acceptance Certifications and Operating Permits:  All required 
inspection certifications and operating permits as required per Code. 


7. Elevator Keys:  Three (3) sets of elevator keys, tagged with identification. 
 
 


END OF SECTION 
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SECTION 210000 - FIRE PROTECTION 


PART 1 - GENERAL 


1.1 DESCRIPTION 


A. Under this Division, the contractor shall furnish all labor, equipment and materials to perform all 
operations in connection with the design and installation of a complete and tested automatic wet 
standpipe system, automatic wet pipe fire sprinkler system as described in the Contract 
Documents. System shall start at flange fitting provided inside of building provided by underground 
contractor. Fire main up to flange fitting inside of building is provided under Division 02 work.  
System shall start at connection to utility main and extend throughout the building. 


 


1.2 RELATED WORK IN OTHER SECTIONS 


A. Related Requirements: 


1. Section 220000     Plumbing Specialties 


2. Section 230000     Mechanical General Provisions 


3. Section 260000     Electrical Specialties  


1.3 QUALITY ASSURANCE  


A. Qualifications of Fabricators and Installers. 


1. For actual fabrication and installation of sprinkler systems, use only personnel who are 
thoroughly trained and experienced with the products involved, and in the recommended 
methods of their installation. 


2. Installing contractor shall have a California C-16 license and shall be experienced in design 
and installation of systems in projects of similar size and scope. 


1.4 REFERENCES 


A. In addition to complying with all pertinent standards, codes and regulations, comply with all 
requirements of : 


1. The Office of the State Fire Marshal  
2. NFPA 13, 14, 20, 24, 25, and 72 ( as adopted or most recent editions ). 
3. Underwriters Laboratories ( UL ) and FM Global ( FM ) rating requirements for products.  
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1.5 SUBMITTALS 


A. Shop Drawings : Fire Sprinkler Shop Drawings are part of the Base Building Design package.  


B. Product Data : Provide data on sprinkler heads, valves, piping and specialties, including 
manufacturer’s catalog information..   


C. Contractor’s Material and Test Certificate: Certify that the system has been tested and meets or 
exceeds code requirements. See NFPA 13 Figure 25.1 


D. Maintenance Manual : Submit operations and maintenance manual per requirements of general 
contract fully describing maintenance schedules, replacement parts and other operation 
requirements. 


E. Guarantee : Provide a one-year (12 months) guarantee under provisions of Division 01.  The 
guarantee shall include parts, shipping, labor, travel costs, living expenses, required fees, and any 
other associated cost or expense to repair or replace products or systems.   The guarantee period 
is to begin on the date of acceptance of the fire protection installation by the Owner. 


 


1.6 COORDINATION 


A. Coordinate work with that specified in other sections before the start of installation. Any installation 
found to be in conflict with such work as a result of neglected coordination shall be removed and 
reinstalled in new location designated by the Architect at no additional expense to the Owner. 


B. Contractor shall contact the Architect and obtain necessary information to design fire sprinkler / 
standpipe system to fit into allotted spaces without interfering with work by other trades. 


C. Coordinate with Plumbing section for size and location of drain receptors, where required or shown 
for draining and testing fire sprinkler risers and systems. All drain piping shall discharge into the 
receptors and not through walls or curbs, unless noted otherwise.  


PART 2 - DESIGN AND MATERIALS 


2.1 GENERAL DESIGN CRITERIA 


A. Class 1 Standpipes:  hydraulically design to provide a minimum residual pressure of 100 
psi at the hydraulically most remote 2½” hose connection. Provide a minimum flow of 500 
gpm through the two most remote 2 ½” hose connections. The minimum flow rate of each 
additional hose connection shall be 250 gpm. The maximum flow rate shall be 1000 gpm 
for sprinklered buildings.   


B. Total Combined Inside & Outside Hose Allowances:  Hydraulic calculations shall include 
an allowance for hose streams, added at the point of connection to the water supply. 


1. Light hazard: 100 GPM Total combined  
2. Ordinary hazard: 250 GPM total combined 
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C. Light Hazard Areas: Water density of 0.10 GPM per square foot calculated for an area of 
1500 square feet in the most remote location. 


D. Ordinary Group I Hazard Areas: Water density of 0.15 GPM per square foot calculated for 
an area of 1500 square feet in the most remote locations. 


E. Head spacing shall not exceed the limits described in NFPA Pamphlet No. 13. 
1. Light Hazard: 225 sq.ft. (for smooth ceiling). 
2. Ordinary Hazard: 130 sq. ft. 
3. Extra Hazard: 100 sq. ft. 


F. Maximum floor areas protected by any one sprinkler system riser: 
1. Light Hazard: 52,000 sq.ft. 
2. Ordinary Hazard:  52,000 sq.ft. 
3. Extra Hazard: 40,000 sq. ft. 


G. Flow Data: Contractor is to verify flow data (static pressure, residual pressure and GPM 
flowing) available at site and provide design for available pressure and flow. Safety 
Factor: 10 percent reduction of static and residual pressure. 


2.2 MATERIALS AND PRODUCTS - GENERAL 


A. All materials installed shall be UL listed or FM approved for fire protection use by the referenced 
authorities, codes and standards. All materials shall be new and without field modifications. 


2.3 SPRINKLERS 


A. General :  All sprinklers shall be of similar make and appearance and shall have the same bulb or 
link and finish except where otherwise required by exposure to heat sources, freezing 
temperatures, corrosive environment, etc. 


B. Interior Finished Ceilings and Exterior Soffits : 


1. Provide semi-recessed quick response pendent or horizontal sidewall, bulb or fusible link 
type with chrome finish and matching sprinkler escutcheon. 


2. Corrosion-resistant finish shall be installed at exterior areas, with matching escutcheon. Color 
and finish of all corrosion-resistant sprinklers shall be UL/FM approved and coordinated with 
Architect. 


C. Concealed Areas, Unfinished Ceilings and Service Areas : 


1. Provide standard spray upright or pendent with rough brass finish. 


2. Where required, escutcheons shall be two piece, style # 401 with chrome finish at 
mechanical, electrical and storage room ceilings. 


D. Temperature Ratings and Response Type : 


1. Sprinklers below finished ceilings, and in all other occupied areas shall have a temperature 
rating of Ordinary ( 155 – 165 degrees F ), except as noted below. 


2. Sprinklers in unventilated spaces shall have a temperature rating of Intermediate ( 200 – 212 
degrees F ), unless otherwise required by code. 
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3. Sprinklers within the zone of influence of space heaters or other heat-producing equipment 
shall have a temperature rating of High ( 250-300 degree F ), unless otherwise required by 
code. 


4. All sprinklers shall be listed as quick response type unless otherwise specified. 


2.4 HANGERS AND SUPPORTS 


A. General 


1. Provide hangers approved by UL/FM and NFPA 13 for fire protection systems. Shop 
fabricated supports shall be designed to meet requirements of NFPA 13, and must be 
certified by a registered professional engineer. 


2. Provide earthquake bracing in accordance with UL/FM, NFPA 13 and ASCE 7. Locations of 
all bracing shall be clearly shown on shop drawings. All bracing shall be assembled, 
calculated and installed per NFPA 13, Section 9.3.5.  All calculations shall be shown on shop 
drawings. 


3. Size all anchors and fasteners per NFPA 13. All fasteners and/or anchors proposed for use in 
concrete construction shall be specifically listed and approved in seismic zones. Powder-
driven studs shall not be used. 


2.5 INTERIOR SPRINKLER PIPE AND FITTINGS 


A. General 


1. All pipe and fittings shall be new, acceptable to authorities having jurisdiction, per all 
applicable standards and codes, and free from damage and distortion. 


B. Product Characteristics 


1. Black steel, Schedule 40, ASTM A-135/795, for all piping, with threaded joints and fittings. 


2. Black steel, Schedule 10, ASTM A-135/795, for all piping, with non-threaded joints and 
fittings. 


3. Threaded fittings shall be of cast or malleable iron, Class 125 or 150, conforming to ANSI 
B16.3 and ANSI B16.4. 


4. Flanged fittings shall be provided where required. Flanges shall be of cast iron, Class 125, 
conforming to ANSI B16.1. 


5. Welded fittings shall be of wrought steel, conforming to ANSI B16.9. 


6. One piece reducing fittings shall be used wherever a change is made in pipe size. Bushings 
shall not be used. 


7. Grooved thin wall steel pipe connections shall be made using a UL/FM approved ductile iron 
coupling, with rubber gasket. Installation shall be per manufacturer’s instructions. 
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8. All piping shall be joined with welded, threaded or grooved fittings. Fittings for hole cut 
connections ( mechanical tee’s ) are not acceptable.  


2.6 ACCESSORY CABINET  


A. Provide metal fire sprinkler cabinet for reserve supply of sprinkler heads, as required by NFPA. 
Include one suitable head wrench for each type of sprinkler installed. Stock shall include all types 
and temperature ratings installed. Locate as directed by Architect. 


2.7 SIGNS  


A. Provide metal signs, permanently marked to show function, for all valves, controls and related 
assemblies. Locate as required by codes and authorities having jurisdiction. Where signs are 
necessary to identify valves or assemblies in hidden or void spaces, locate as directed by 
Architect. 


2.8 PROTECTION OF SPRINKLERS  


A. Provide UL/FM listed steel guards for fire sprinkler heads located in areas susceptible to 
mechanical damage. 


2.9 ESCUTCHEON PLATES  


A. Provide chrome – plated escutcheons where piping penetrations are made through finished walls 
and ceilings. Plates shall be painted to resist corrosion when exterior installation is required. 


2.10 LOCAL ALARM COMPONENTS 


A. Exterior Alarm Bell 


1. Furnish 10” inch diameter, UL/FM approved bell with identification sign, rated 120VAC, with 
standard mounting hardware. 


2. Locate bell assembly where required by authorities having jurisdiction, and as acceptable to 
Architect. 


B. Water Flow Switch 


1. Provide UL/FM approved, 120VAC with two sets of Form C, single pole, double throw 
contacts, and adjustable retard feature. 


2.11 CENTRAL STATION SUPERVISION 


A. General 


1. Furnish supervision at all valves controlling fire protection water supplies,.  
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2.12 FIRE DEPARTMENT CONNECTION 


A. Provide single clapper, 4” x 2 ½” two-way, Siamese fire department connection. Finish and model 
shall be as required by serving fire department. Provide check valve per NFPA 13. 


2.13 VALVE COMPONENTS  


A. Control Valve 


1. Grooved butterfly valve with tamper switch, ductile iron body,  200 PSI WOG min. 


B. Interior Drain / Test Valves: 


1. Provide brass, rubber disc, angle or globe pattern, with screwed ends, rated 200 psi WOG. 


 


PART 3 - EXECUTION 


3.1 JOB SITE CONDITIONS 


A. Inspection 


1. Prior to all work of this section carefully inspect the installed work of other sections, and verify 
that all such work is complete to the point where this portion of the work may properly 
commence in accordance with all submittals, designs and applicable codes. 


B. Discrepancies 


1. In the event of a discrepancy, immediately notify the Architect. Do not proceed with 
installation in areas of discrepancy until all such discrepancies and/or omissions have been 
fully reviewed and clarified. 


3.2 FABRICATION 


A. General 


1. All pipe, fittings and materials shall be prepared by qualified personnel, trained and 
experienced with the products involved, and the recommended methods of preparation. 


2. All pipe cuts, threads, and grooves shall be made according to applicable codes, standards 
and accepted good practices. 


3. Pipe shall be free of damage, flaws and burrs. Threads and grooves shall not be excessively 
shallow or deep. 


4. Fittings shall be made onto the pipe no tighter than necessary. Cracked or broken fittings 
shall be replaced, without exception. 







SAN DIEGO STATE UNIVERSITY   SECTION 211000 
EIS COMPLEX   FIRE PROTECTION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 211000 - 7 SDSU 


5. Excessive pipe dope and oils shall be removed before shipment to job site. 


B. Welding 


1. Welding methods shall comply with NFPA 13 and AWS B2.1. Contractor shall be responsible 
for all welded joints and any qualifying procedures for welders and related personnel. 


2. Holes in pipe for outlets shall be cut to full inside diameter of fitting, prior to welding in place. 
Holes shall be free of slag and welding residue, and of smooth continuous bore. Fittings shall 
not penetrate internal diameter of run piping. Holes shall be cut by hole-saw or other rotary 
bit. Torch-cutting of holes is strictly prohibited. 


3. All welded pipe shall be subject to inspection by serving Fire Department before it is installed. 
Provide documentation of acceptance, as required, at the time of project closeout. 


3.3  INSTALLATION 


A. General 


1. All installation shall be per referenced standards. Follow manufactures directions and 
recommendations in all cases as required for all approvals and warranty enforcement. 


2. All cutting of structure shall be subject to approval by the Architect. Beams, decks and other 
structural components shall not be cut or altered in any way unless previously approved. 


3. Provide flexible couplings where required to provide expansion capability, and for earthquake 
protection per NFPA 13. Provide sway bracing as required by coupling locations. 


4. Entire sprinkler / standpipe system shall be installed in such a manner so that it can be 
drained in accordance with NFPA 13. Drains shall be located at suitable points as approved 
by Architect. No primary or auxiliary drain shall be located in any public area or electrical 
room. All drains shall discharge into dedicated receptors. 


5. No work shall be covered or enclosed until inspection, tested, and approved by Architect and 
/ or authority having jurisdiction. Should any work be concealed before inspection, the 
Contractor shall at Contractor’s expense, uncover such work and after it has been inspected, 
tested and approved, provide for all repairs as may be necessary to restore work to original 
and proper condition. 


6. Sprinklers at finished ceilings and in exposed locations shall form a symmetrical pattern and 
shall be located at the exact center of 2’ ft. square ceiling tiles and “ Second Look “ tile 
modules. Where 2’ x 4’ ceilings occur, pendent sprinklers shall be centered in the 2’ ft. 
direction with escutcheons to be at least 12” inches clear of ceiling T-bar grid.  


7. Sprinkler layout shall accommodate lighting and HVAC register locations. Coordination with 
the work of these sections is the responsibility of Contractor. 


8. Without exception, no piping shall be installed under or through any skylight or skylight well. 
Any additional upright or pendent fire sprinklers, which may be required by skylight locations, 
shall be the responsibility of this contractor. 


9. All penetrations of wall and floor assemblies shall be suitably sleeved, patched and / or 
sealed in order to preserve fire rating, where applicable. 
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10. Location of control valves, fire department connection, and inspectors test shall be as 
required by authorities having jurisdiction, and as approved by Architect. 


11. Local alarm bell shall be located so that it can be easily heard and seen by passersby and fire 
department personnel. Locate on exterior wall, 10’ ft. above finished grade, as approved by 
Architect. 


3.4 FIELD QUALITY CONTROL 


A. Testing 


1. At various stages and upon completion, the system shall be tested in the presence of the 
State Fire Marshal.  


2. Perform all tests as required by NFPA 13, and all authorities having jurisdiction. Maintain an 
accurate record of all tests and inspections on the job site, including date of test and 
inspecting agency. 


3. Prior to connection of interior piping system to underground main, underground piping shall 
be hydrostatically pressure tested, flushed and accepted by authorities having jurisdiction. 
Provide documentation of acceptance by jurisdictional authorities. All required health and 
bacterial tests shall be the responsibility of Contractor if applicable. 


3.5 COMPLETION 


A. Closeout 


1. Upon completion and approval of systems, and prior to occupancy, provide instructions to the 
Owner, or Owners representatives, in all details of system operation and maintenance. 
Prepare and submit Maintenance and Operation Manual per contract requirements. 


2. Provide three copies of final inspection and certification as prescribed by Owners Insurance 
underwriter, and other authorities having jurisdiction. 


3. Provide three copies of system “ As-Built “ drawings to the Owner or Owners representatives. 
Drawings shall show actual installation details including all piping and equipment locations, 
rooms or facilities modifications, etc.. One copy of drawing shall be on reproducible type 
media. 


4. Provide two copies of guarantee / warranty per contract documents. 


B. Clean Up 


1. Equipment, appurtenances, fixtures and exposed piping shall be clean, and all excess pipe 
dope and cutting oil shall be removed. Fire sprinkler heads shall be cleaned without the use 
of any solvents. 


2. Upon completion of work, remove all surplus material, debris and equipment associated with 
or used in the execution of this work. Sweep work and storage areas, as required, to remove 
metal shavings and oily residue. 
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END OF SECTION 210000 
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Domestic hot water recirculating pumps 
2. Sewage ejectors 
3. In-line flexible coupled pumps. 
4. In-line close coupled pumps. 
5. In-line circulators 
6. Air separators. 
7. Air elimination valve. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 224000:  Plumbing Fixtures 


C. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products. 


B. Codes and Standards:  Provide pumps which conform to the requirements of: 
1. Hydraulic Institute (HI):  Manufacturer pumps in accordance with "Standards 


for Centrifugal Rotary and Reciprocating Pumps." 
2. National Electrical Manufacturers Association (NEMA):  Provide electrical 


components which comply with NEMA Standards. 
3. National Fire Protection Association (NFPA): 


a. CEC:  California Electrical Code 
4. Underwriters Laboratories (UL): 


a. UL-778:  Motor Operated Water Pumps 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for units showing 
dimensions, weights (shipping, installed, and operating), capacities, ratings, 
performance with operating point clearly indicated, motor electrical characteristics, 
finishes of materials, and installation instructions. 
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1. Parallel pump plots:  For all parallel and series pump applications submit a 
combined pump curve showing parallel pump operation and single pump 
non-overloaded operation verifying that the pump selections operate non-
overloading on curve in a single pump operation. 


2. Submittal information to verify all scheduled characteristics are met including 
efficiency. 


B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight 
(shipping, operating), required clearances, methods of assembly of components, and 
location and size of each field connection. 


C. Maintenance Data: 
1. Submit maintenance instructions, including instructions for lubrication, tube 


replacement, motor and drive replacement, and spare parts lists. 
2. Include this data, product data, shop drawings, and wiring diagrams in 


operating and maintenance manuals. 


D. Wiring Diagrams: 
1. Submit manufacturer's ladder-type wiring diagrams for power and control 


wiring required. 
2. Differentiate between factory-installed and field-installed wiring. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products and units against dirt, water, chemical, and mechanical 
damage.  Do not install damaged units - remove from project site. 


C. Rigging:  Comply with the manufacturer's rigging and installation instructions. 


1.7 WARRANTY 


A. Provide general one year (12 months) warranty.  The warranty shall include parts, 
labor, travel costs, and living expenses incurred by the manufacturer to provide 
factory authorized service. 


PART 2 - PRODUCTS 


2.1 DUPLEX COLUMN SEWAGE EJECTOR 


A. The mating surfaces between the motor end bell, the motor shell and the seal 
chamber shall be sealed by means of "X" section QUAD RINGS.  Designs using 
conventional circulate 'O' rings or rectangular cross sectional gaskets shall not be 
considered equal. 


B. Motor end bell shall be cast iron, designed as a terminal box and separated from the 
motor shell by a combination bearing support and inspection plate. 


C. The motor shall be housed within a heavy duty cast iron shell with cooling fins. 
1. Motor shall have Class 'F' insulation and permanently lubricated, double 


sealed ball bearings having a minimum life of 17,500 hours. 
2. Motors using sleeve type bearings shall not be considered equal. 
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D. Motor shaft shall be 300 series stainless steel with keyway for positive positioning of 
impeller. 
1. Motors using carbon steel shafts or stainless stub shafts shall not be 


considered equal. 


E. Impeller shall be multi-vane design, constructed of bronze, accurately machined and 
dynamically balanced to the job site conditions. 
1. The impeller shall not require the use of wearing rings to insure proper 


operation and shall be capable of passing 2-1/4 inch minimum solids. 


F. A double mechanical seal system shall be furnished and housed in a machined cast 
iron seal chamber filled with clean dielectric oil, providing constant lubrication. 
1. Lower seal surfaces shall be of solid silicon carbide to provide longer life. 
2. Carbon ceramic, tungsten carbide or systems that allow the lower seal 


surfaces to come in contact with the pumped media, shall not be considered 
equal. 


G. Each pump shall be tested and a computer generated report will be kept in file and 
made available upon request. 
1. The reported test data shall consist of six duty points of various heads and 


capacities, one of which will be the design point and shall include actual 
efficiencies and horsepower requirements. 


H. Furnish remote packaged factory pre-wired duplex pump controller, Weil 8101E with 
the following: 
1. NEMA 4 double door dead front steel lockable enclosure. 
2. Magnetic starter with overload reset through inner door, each pump. 
3. Fused disconnect switch with handle through inner door, each pump. 
4. Automatic alternator separately fused. 
5. Overload reset buttons, each pump. 
6. Running lights, each pump. 
7. H-O-A switches, each pump. 
8. Control circuit transformer for 120V operation for each pump. 
9. Output connection for hi-water annunciation at Simplex. 
10. Alarm silencing switch. 
11. Alarm light with flasher. 
12. Numbered and wired terminal strip. 
13. Single point electrical connection. 
14. All wiring between control panel and pump provided under Division 22. 


I. Furnish and install mercury float switches complete with galvanized rod and wall 
support bracket. 
1. Each pump control switch will consist of 2 normally open mercury switches, 


encapsulated in epoxy resin. 
2. The float casing will be polypropylene. 
3. The switch cable will be type STO PVC jacket 4 #18 conductor. 
4. 41 strand, 600 volt insulation. 
5. The cable will be secured to the support rod with a polypropylene 


composition clamp with stainless steel bolts. 
6. Switches used for high water alarm service will be of the same construction 


as the pump switches, except that 2 conductor cables will be furnished. 
7. The switch housing will be color coded to distinguish between the pump and 


alarm switches. 
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8. All wiring between control panel and float switches provided under Division 
22. 


J. Provide reinforced fiberglass basin with steel anti-flotation ring. 
1. Provide with matching gasketed steel top by pump manufacturer. 
2. Install basin and pour concrete all around to secure in place. 


K. Warranty: 
1. The pump manufacturer shall warrant the pumps being supplied to the 


owner against defects in workmanship and materials for a period of five (5) 
years under normal use, operation and service. 


2. All repairs or replacement parts that may be needed after the initial sixteen 
months will be made and the cost (F.O.B. factory) pro rated for the period of 
time the pump has been in operation. 


3. The warranty shall be in published form and apply to all similar units.  


L. Removal System (Optional) 
1. The pump removal system shall permit removal and re-installation of a pump 


without disturbing the discharge piping. Personnel shall not be required to 
enter the wet well. The pump shall be guided by two guide poles (by others). 
The guide poles shall be mounted on the floor elbow and a 304 stainless 
steel upper guide bracket. Pump sliding bracket will iron. The floor elbow 
shall be constructed of ASTM A48-83 class 30 close-grained cast iron. The 
pump sliding bracket shall act as a wedge type coupling between the pump 
and floor elbow. This insures a metal-to-metal, watertight fit. Systems that 
require gaskets, diaphragms, or o-rings to ensure a watertight fit shall not be 
considered equal. 


M. Manufacturer: Weil, Weimann, Paco, or Enpo-Cornell. 


2.2 AIR ELIMINATION VALVE (AUTOMATIC) 


A. Air shall be eliminated to the atmosphere as fast as it is separated from system 
water, through a float activated remote pressure operated, air elimination valve 
installed at the top of the air separator. 


B. The air elimination valve shall have a high removal rate at low pressure differentials 
and shall be fully open for the removal of air at all pressures in the operating range 
from 2 to 150 psig.  It shall be tightly sealed against loss of system water and prevent 
entrance of air in negative pressure situations. 


C. The air elimination valve shall be constructed of metal and all working parts shall be 
non-corrosive.  Working pressure shall be 125 psi. 


D. Provide minimum 3/8” drain line from vent and route to nearest floor drain or floor 
sink or other approved drainage location. 


E. Manufacturer:  Amtrol, Hoffman or approved equal. 
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PART 3 - EXECUTION 


3.1 INSTALLATION 


A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in 
accordance with industry standards and manufacturer's recommended installation 
instructions. 


B. Provide vibration isolation, inertia bases, seismic snubber, flexible pipe connections, 
etc, as specified in related specification sections. 


C. For variable flow pumping applications, see Section 230902 Variable Frequency 
Drives for additional requirements. 


D. Contractor to assist testing and balancing contractor in verifying correct pump 
rotation and system operation. 


E. Flush and clean equipment, in accordance with manufacturer's start-up instructions, 
and in presence of manufacturer's representative.  Test controls and demonstrate 
compliance with requirements.  Replace damaged or malfunctioning controls. 


F. Isolation for Service:  Provide pump installations with a discrete isolation valve on 
both the supply and intake side of the pump to permit service of the pump and any 
related strainer, check or balancing valves.  Triple duty valves are not equivalent for 
this shut-off service. 


G. Balancing Coordination and Impeller Trimming:  Coordinate final pump flow with test 
and balance contractor.  For pumps larger than 5 horsepower, if the system tests 
and balance indicate that flow exceeds the specified flow by greater than 20%, it is 
not acceptable to reduce flow merely by adjusting balance valves to create additional 
head or reducing VFD peak flows.  Excess system flow must be reduced by trimming 
the impeller to match the load. 


3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify 
pump systems mounting, verify piping installation, verify control wiring, verify power 
wiring, and check for proper operation.  The service technician shall provide final 
adjustments to meet the specified performance requirements.  Fully staffed parts 
and service personnel shall be within four hours travel from the jobsite. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Domestic hot water recirculating system with pump, automatic time clock 


control, temperature sensor, and air venting. 
2. Connection to hot water piping and electrical service. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 223400:  Domestic Hot Water Heating Equipment 


C. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products and engaged in pump 
business for more than ten years. 


B. Codes and Standards:  Provide pumps which conform to the requirements of: 
1. Hydraulic Institute (HI):  Manufacturer pumps in accordance with "Standards 


for Centrifugal Rotary and Reciprocating Pumps." 
2. National Electrical Manufacturers Association (NEMA):  Provide electrical 


components which comply with NEMA Standards. 
3. ASTM International (ASTM) 


a. B271:  Standard Specification for Copper-Base Alloy Centrifugal 
Castings 


b. B505/B505M:  Standard Specification for Copper-Base Alloy 
Continuous Castings 


4. National Fire Protection Association (NFPA): 
a. CEC:  California Electrical Code 


5. Underwriters Laboratories (UL): 
a. UL-778:  Motor Operated Water Pumps 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for units showing 
dimensions, weights (shipping, installed, and operating), capacities, efficiency, 
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ratings, performance with operating point clearly indicated, motor electrical 
characteristics, finishes of materials, and installation instructions. 
1. Pump 
2. Time clock controller with remote temperature sensor 


B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight 
(shipping, operating), required clearances, methods of assembly of components, and 
location and size of each field connection. 


C. Maintenance Data: 
1. Submit maintenance instructions, including instructions for lubrication, tube 


replacement, motor and drive replacement, and spare parts lists. 
2. Include this data, product data, shop drawings, and wiring diagrams in 


operating and maintenance manuals. 


D. Wiring Diagrams: 
1. Submit manufacturer's ladder-type wiring diagrams for power and control 


wiring required. 
2. Differentiate between factory-installed and field-installed wiring. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products and units against dirt, water, chemical, and mechanical 
damage.  Do not install damaged units - remove from project site. 


C. Rigging:  Comply with the manufacturer's rigging and installation instructions. 


1.7 WARRANTY 


A. Provide general one year (12 months) warranty from date of occupancy to include 
parts, labor, travel costs, and living expenses incurred by the manufacturer to 
provide factory authorized service.  Provide pump manufacturer’s five year warranty 
providing coverage against defective materials. 


PART 2 - PRODUCTS 


2.1 HOT WATER RECIRCULATING PUMPS 


A. Furnish and install pumps with capacities as shown on plans. 
1. Pumps shall be in-line type for installation in vertical or horizontal piping. 
2. Pump must be capable of being serviced without disturbing piping 


connections. 


B. Pump body shall be lead-free bronze or stainless steel construction and rated for 150 
psi working pressure and 225⁰F. 


C. Impeller shall be lead-free bronze or stainless steel. 


D. The pump shall have water-tight seals. 


E. The motor shall be non-overloading at any point on the pump performance curve. 
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F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted 
with at least one coat of high-grade machinery enamel prior to shipment. 


G. Manufacturers:  Bell and Gossett Series NBF or ecocirc, TACO, Grundfos or equal. 


2.2 CONTROLLER 


A. Electronic programmable controller with 7-day or 365-day programming feature to 
operate the recirculating pump during occupied periods.  Controller shall have a 
minimum of four start/stop periods per day.  Minimum mode switching intervals of 15 
minutes. 


B. The aquastat shall connect to the controller and override the ON time conditions 
whenever the temperature conditions are met to disengage the pump. 


C. Thermostat (aquastat) switching modes: The pump shall engage (ON mode) 
whenever the return water temperature drops below 95⁰F (adjustable) and shall 
disengage (OFF) whenever the return water temperature exceeds 105⁰F 
(adjustable). 


D. Temperature sensor shall be rated for temperature monitoring between -20⁰F and 
+284⁰F with response times less than 5 seconds and accuracy or +/- 1%.  Adjustable 
well length and stainless steel body.  Cable length and sensitivity as required for 
application. 


E. Power supply: 115-120 VAC, 60 Hz, single phase. 


F. Manufacturers:  Honeywell, Kele, Mamac, Bell and Gossett or equal. 


2.3 AIR ELIMINATION VALVE (AUTOMATIC) 


A. The air elimination valve shall have a high removal rate at low pressure differentials 
and shall be fully open for the removal of air at all pressures in the operating range 
from 2 to 150 psig.  It shall be tightly sealed against loss of system water and prevent 
entrance of air in negative pressure situations. 


B. The air elimination valve shall be constructed of metal and all working parts shall be 
non-corrosive. 


C. Manufacturers:  Amtrol, Hoffman or equal. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in 
accordance with industry standards and manufacturer's recommended installation 
instructions. 


B. Install hot water recirculation piping to maintain required minimum hot water 
temperature to all plumbing fixtures.  Hot water service piping to each fixture shall be 
minimized to provide hot water, minimum temperature of 95⁰F, Minimum 
recirculation piping shall not be less than 3/4” diameter. 
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C. Install hot water recirculation pump and accessories in accordance with Plumbing 
Code, manufacturer’s instructions, and approved Shop Drawings. 


D. Provide isolation shutoff valves on inlet and outlet sides of hot water recirculation 
pump, sensors and fittings. 


E. Provide swing check valve at discharge side of the pump. 


F. Provide a boiler drain valve with hose bibb threads and brass cap downstream of the 
check valve to allow for startup air bleeding and maintenance draining of the system. 


G. Provide aquastat temperature controller and remote temperature sensor to 
disengage the recirculation pump when the return hot water temperature is greater 
than setpoint of 95⁰F (adjustable). 


H. Coordinate with electrical installer to connect power and control wiring. 


I. Contractor to assist testing and balancing contractor in verifying correct pump 
rotation and system operation. 


J. Flush and clean equipment, in accordance with manufacturer's start-up instructions, 
and in presence of manufacturer's representative.  Test controls and demonstrate 
compliance with requirements.  Replace damaged or malfunctioning controls. 


3.2 ADJUSTING 


A. Test and adjust flows, setpoints, and valves for proper operation. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 223400:  Domestic Hot Water Heating Equipment

		C. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide systems that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products and engaged in pump business for more than ten years.

		B. Codes and Standards:  Provide pumps which conform to the requirements of:



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data for units showing dimensions, weights (shipping, installed, and operating), capacities, efficiency, ratings, performance with operating point clearly indicated, motor electrical characteristics, finishes of materials, and installation instructions.

		B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight (shipping, operating), required clearances, methods of assembly of components, and location and size of each field connection.

		C. Maintenance Data:

		D. Wiring Diagrams:



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver units to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products and units against dirt, water, chemical, and mechanical damage.  Do not install damaged units - remove from project site.

		C. Rigging:  Comply with the manufacturer's rigging and installation instructions.



		1.7 WARRANTY

		A. Provide general one year (12 months) warranty from date of occupancy to include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.  Provide pump manufacturer’s five year warranty providing coverage against defective materials.





		PART 2 - PRODUCTS

		2.1 HOT WATER RECIRCULATING PUMPS

		A. Furnish and install pumps with capacities as shown on plans.

		B. Pump body shall be lead-free bronze or stainless steel construction and rated for 150 psi working pressure and 225⁰F.

		C. Impeller shall be lead-free bronze or stainless steel.

		D. The pump shall have water-tight seals.

		E. The motor shall be non-overloading at any point on the pump performance curve.

		F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted with at least one coat of high-grade machinery enamel prior to shipment.

		G. Manufacturers:  Bell and Gossett Series NBF or ecocirc, TACO, Grundfos or equal.



		2.2 CONTROLLER

		A. Electronic programmable controller with 7-day or 365-day programming feature to operate the recirculating pump during occupied periods.  Controller shall have a minimum of four start/stop periods per day.  Minimum mode switching intervals of 15 minutes.

		B. The aquastat shall connect to the controller and override the ON time conditions whenever the temperature conditions are met to disengage the pump.

		C. Thermostat (aquastat) switching modes: The pump shall engage (ON mode) whenever the return water temperature drops below 95⁰F (adjustable) and shall disengage (OFF) whenever the return water temperature exceeds 105⁰F (adjustable).

		D. Temperature sensor shall be rated for temperature monitoring between -20⁰F and +284⁰F with response times less than 5 seconds and accuracy or +/- 1%.  Adjustable well length and stainless steel body.  Cable length and sensitivity as required for application.

		E. Power supply: 115-120 VAC, 60 Hz, single phase.

		F. Manufacturers:  Honeywell, Kele, Mamac, Bell and Gossett or equal.



		2.3 AIR ELIMINATION VALVE (AUTOMATIC)

		A. The air elimination valve shall have a high removal rate at low pressure differentials and shall be fully open for the removal of air at all pressures in the operating range from 2 to 150 psig.  It shall be tightly sealed against loss of system water and prevent entrance of air in negative pressure situations.

		B. The air elimination valve shall be constructed of metal and all working parts shall be non�corrosive.

		C. Manufacturers:  Amtrol, Hoffman or equal.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in accordance with industry standards and manufacturer's recommended installation instructions.

		B. Install hot water recirculation piping to maintain required minimum hot water temperature to all plumbing fixtures.  Hot water service piping to each fixture shall be minimized to provide hot water, minimum temperature of 95⁰F, Minimum recirculation piping shall not be less than 3/4” diameter.

		C. Install hot water recirculation pump and accessories in accordance with Plumbing Code, manufacturer’s instructions, and approved Shop Drawings.

		D. Provide isolation shutoff valves on inlet and outlet sides of hot water recirculation pump, sensors and fittings.

		E. Provide swing check valve at discharge side of the pump.

		F. Provide a boiler drain valve with hose bibb threads and brass cap downstream of the check valve to allow for startup air bleeding and maintenance draining of the system.

		G. Provide aquastat temperature controller and remote temperature sensor to disengage the recirculation pump when the return hot water temperature is greater than setpoint of 95⁰F (adjustable).

		H. Coordinate with electrical installer to connect power and control wiring.

		I. Contractor to assist testing and balancing contractor in verifying correct pump rotation and system operation.

		J. Flush and clean equipment, in accordance with manufacturer's start-up instructions, and in presence of manufacturer's representative.  Test controls and demonstrate compliance with requirements.  Replace damaged or malfunctioning controls.



		3.2 ADJUSTING

		A. Test and adjust flows, setpoints, and valves for proper operation.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other 
Sections in Division 22 specified herein. 


1.2 SCOPE 


A. This Section specifies the requirements to furnish and install clean, dry, oil-free, and 
shop compressed air equipment. 


B. Compressed Air Equipment: 
1. Oil-free, rotary screw, water-cooled air compressor. 
2. Heatless type regenerative desiccant compressed air dryer. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 222117: Process Piping 


C. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Comply with codes and standards required for proper system installation. 


B. The compressed air equipment manufacturer shall have established an ongoing 
Quality Assurance/Quality Control program, including manuals available for 
inspection at their plant. 


1.5 WORKMANSHIP 


A. Install all work pertaining to compressed air equipment as close as possible to layout 
shown on the drawings.  Employ skilled mechanics to install all systems in a manner 
acceptable to the owner. 


1.6 SUBMITTALS 


A. Prior to construction submit for approval all materials and equipment in accordance 
with Division 01 requirements. 


B. Provide the following in addition to the standard requirements: 
1. Complete layout drawings including plan, elevations, and relevant details. 
2. Complete catalog information on the compressed air equipment and 


accessories listed including: 
a. Motors 
b. Sequence control panel 
c. Accessories and piping 
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3. Control panel layout, control ladder diagram, and a written sequence of 
operations. 


4. Factory test results and certifications 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to site under provisions of Division 01.  Deliver products to the site 
in containers with manufacturer's stamp or label affixed. 


B. Store/protect products under provisions of Division 01.  Protect products against dirt, 
water, chemical, and mechanical damage.  Do not install damaged products - 
remove from project site. 


1.8 WARRANTY 


A. All compressed air equipment shall be guaranteed against defective design, 
material, and workmanship in accordance with the terms of the Purchase Order.  In 
addition, guarantee performance of the compressed air equipment, in accordance 
with the process conditions of the individual pieces of equipment.  Upon satisfactory 
proof that the compressed air equipment furnished do not meet specified operating 
conditions, furnish to the point of use any necessary additional equipment to meet 
specified conditions or make changes, as required, to the original equipment 
furnished. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Furnish a complete compressed air system including air compressors, dryers, and 
filters as necessary to serve the programmed air delivery requirement to all lab air 
stations. 


2.2 OIL FREE ROTARY SCREW WATER-COOLED AIR COMPRESSOR 


A. Description: Factory-assembled, -wired, -piped, and -tested; electric-motor-driven; 
air-cooled; continuous-duty air compressors and receivers that deliver air of quality 
equal to intake air.  System shall include variable speed drives for improved 
efficiency. 


B. Supply a positive displacement rotary screw air compressor capable of delivering 
100% oil-free air (less than two parts per million before aftercooler).  The assembly 
shall be fully packaged, including air compressor, main drive motor, oil cooler, 
intercooler and after cooler, separate motor driven lubrication system, fan, regulation 
and control systems, all mounted on a common base frame and fully enclosed by a 
steel sound dampening enclosure. 


C. Air Compressor(s): Single-stage, oil-free, rotary-screw type with nonlubricated helical 
screws and lubricated gearbox, and of construction that prohibits oil from entering 
compression chamber. 
1. Cooling/Lubrication System: Unit-mounted, air-cooled exchanger package 


prepiped to unit; with air-pressure circulation system with coolant stop valve, 
full-flow coolant filter, and thermal-bypass valve. 
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2. Air Filter: Dry type, with maintenance indicator and cleanable replaceable 
filter element. 


3. Air/Coolant Receiver and Separation System: 150 psig rated steel tank with 
ASME safety valve, coolant-level gage, multistage air-coolant separator 
element, minimum pressure valve, blowdown valve, discharge check valve, 
coolant stop valve, full-flow coolant filter, and thermal-bypass valve. 


4. Capacity Control: Capacity modulation between zero and 100 percent air 
delivery, with operating pressures between 50 and 100 psig.  Include 
necessary control to hold constant pressure. When air demand is zero, 
unload compressor by using pressure switch and blowdown valve. 


5. Mounting: Freestanding. 
6. Sound-attenuation enclosure. 
7. Capacities and Characteristics: 


a. Compressed-Air Service: Nonmedical laboratory air. 
b. Air Compressor: Two. 


D. Receiver: Steel tank constructed according to ASME Boiler and Pressure Vessel 
Code: Section VIII, Division 1. 
1. Orientation: Horizontal or vertical arrangement. 
2. Interior Finish: Epoxy. 
3. Pressure Rating: 150 psig minimum. 
4. Drain: Automatic valve. 
5. Accessories: Include safety valve, pressure gage, automatic drain, and 


pressure regulator. 


E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 


F. Control Panels: Automatic control station with load control and protection functions. 
Comply with NEMA ICS 2 and UL 508. 
1. Enclosure: NEMA ICS 6, Type 12 control panel unless otherwise indicated. 
2. Motor Controllers: Full-voltage, combination-magnetic type with undervoltage 


release feature and motor-circuit-protector-type disconnecting means and 
short-circuit protective device. 


3. Control Voltage: 120V AC or less, using integral control power transformer. 
4. Motor Overload Protection: Overload relay in each phase. 
5. Starting Devices: Hand-off-automatic selector switch in cover of control 


panel, plus pilot device for automatic control. 
6. Automatic control switches to alternate lead-lag air compressors for duplex 


air compressors. 
7. Instrumentation: Include discharge-air and receiver pressure gages, air-filter 


maintenance indicator, hour meter, air-compressor discharge-air and coolant 
temperature gages, and control transformer. 


8. Alarm Signal Device: For connection to alarm system to indicate when 
backup air compressor is operating. 


G. Mounting Frame: Fabricate base and attachment to air compressor and components 
with reinforcement strong enough to resist movement during a seismic event when 
base is anchored to building structure. 


H. Manufacturers: Atlas Copco, Ingersoll – Rand, Champion, Gardner Denver, Quincy, 
Kobelco, compare or equal. 
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2.3 HEATLESS TYPE REGENERATIVE DESICCANT COMPRESSED AIR DRYER 


A. Supply a heatless type regenerative desiccant compressed air dryer over all load 
conditions from 0-100%. 


B. The air dryer system shall be fabricated with dual desiccant chambers.  Inlet 
switching valves shall be two 2-way no-lube, pilot air operated, normally open.  Outlet 
valves shall be soft seated, silent check valves.  The purge valves shall be air 
operated, normally closed, so that in case of power failure or when the unit is de-
energized, both the inlet valves are open and purge and depressurizing valves are 
closed to avoid any air loss.  The dryer unit shall be completely prepped, prewired, 
and test run before shipment.  Dryers up to 1600 SCFM shall be shipped with a full 
charge of desiccant, and larger dryers shall be shipped with loose desiccant to be 
charged to the vessels on site by the customer.  The dryer shall operate on a 10 
minute cycle (5 minutes drying and 5 minutes regenerating).  The dryer shall be the 
manufacturer’s standard internally located regenerative desiccant compressed air 
dryer. 


C. Features to include: dew point controlled purge, step-down transformers, disconnect 
switches, inlet and outlet pressure gages, thermometers, automatic controls, and 
filters. 


D. Manufacturers:  BeaconMedaes, Champion, ZEKS, Zurn, Pneumatech, Ingersoll – 
Rand, or equal. 


2.4 INLET-AIR FILTERS 


A. Description: Combination inlet-air filter-silencer, suitable for remote installation, for 
multiple air compressors. 
1. Construction: Weatherproof housing for replaceable, dry-type filter element, 


with silencer tubes or other method of sound reduction. 
2. Capacity: Match total capacity of connected air compressors, with collection 


efficiency of 99 percent retention of particles larger than 10 micrometers. 


2.5 COALESCING COMPRESSED AIR FILTER 


A. The entire filter assembly shall be constructed of non-corrosive materials which are 
approved by USDA and USFDA for use in compressed air and respiratory air 
systems and are entirely compatible with all natural, as well as synthetic, lubricating 
oils.  The assembly shall be capable of operating at temperature levels up to 225°F., 


and shall induce, when operated at rated flow, a maximum pressure drop of 1-1/2 psi 
dry. 


B. The filter housing shall be a T-type pressure vessel, 500 psi operating pressure, with 
a one piece element having a minimum D.O.P. efficiency of 99.97% (.3-.6 min.  
aerosols), tested according to MIL-STD-282 shall not pass solids larger than .3um or 
liquid aerosols larger than .75um, shall be a minimum of 99.98% efficient on all 
sizes, and a manual or automatic drain device. 


C. Manufacturers:  Parker, ZEKS, Zurn, Ingersoll – Rand, or equal. 
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2.6 SEQUENCE CONTROL PANELS FOR AIR COMPRESSOR 


A. Provide a sequence control panel which is UL approved.  The following components, 
as a minimum, shall be provided in a NEMA 12 enclosure. 
1. Automatic lead-lag operation of compressors 
2. Automatic lead-compressor alteration capability 


B. Compressor shall have automatic shut-off switches for the following conditions: 
1. Low oil pressure 
2. High first stage discharge air temperature. 
3. High second stage discharge air temperature. 
4. High second stage inlet air temperature. 
5. High oil temperature 
6. Motor overload 
7. High cabinet temperature 
8. Reset switch 


C. Panel Location 
1. Provide for required electrical clearances 


2.7 SEQUENCE CONTROL PANELS FOR COMPRESSED AIR DRYER 


A. The compressed air dryer manufacturer shall provide a sequence control panel 
which is UL listed the following components, as a minimum shall be provided in a 
NEMA 12 enclosure: 
1. Automatic lead-lag operation of dryers 
2. Automatic lead dryer alteration capability 
3. Outlet air pressure gauge 
4. Inlet air temperature 
5. Refrigerant low pressure gauge 
6. Refrigerant high pressure gauge 
7. High dewpoint indication 
8. Automatic drain float trap 
9. Automatic drain electronic timer 


B. Panel Location 
1. Provide for required electrical clearances 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Install in accordance with the manufacturer’s recommendations.  Locate compressed 
air equipment and a concrete housekeeping pad and provide connection to system 
piping as shown on the drawings.  Provide process cooling water supply and return 
as requried and piping connection. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. This Section specifies the requirements to furnish and install clean, dry, oil-free, and shop compressed air equipment.

		B. Compressed Air Equipment:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 222117: Process Piping

		C. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Comply with codes and standards required for proper system installation.

		B. The compressed air equipment manufacturer shall have established an ongoing Quality Assurance/Quality Control program, including manuals available for inspection at their plant.



		1.5 WORKMANSHIP

		A. Install all work pertaining to compressed air equipment as close as possible to layout shown on the drawings.  Employ skilled mechanics to install all systems in a manner acceptable to the owner.



		1.6 SUBMITTALS

		A. Prior to construction submit for approval all materials and equipment in accordance with Division 01 requirements.

		B. Provide the following in addition to the standard requirements:



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to site under provisions of Division 01.  Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store/protect products under provisions of Division 01.  Protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged products - remove from project site.



		1.8 WARRANTY

		A. All compressed air equipment shall be guaranteed against defective design, material, and workmanship in accordance with the terms of the Purchase Order.  In addition, guarantee performance of the compressed air equipment, in accordance with the process conditions of the individual pieces of equipment.  Upon satisfactory proof that the compressed air equipment furnished do not meet specified operating conditions, furnish to the point of use any necessary additional equipment to meet specified conditions or make changes, as required, to the original equipment furnished.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Furnish a complete compressed air system including air compressors, dryers, and filters as necessary to serve the programmed air delivery requirement to all lab air stations.



		2.2 OIL FREE ROTARY SCREW WATER-COOLED AIR COMPRESSOR

		A. Description: Factory-assembled, -wired, -piped, and -tested; electric-motor-driven; air-cooled; continuous-duty air compressors and receivers that deliver air of quality equal to intake air.  System shall include variable speed drives for improved efficiency.

		B. Supply a positive displacement rotary screw air compressor capable of delivering 100% oil-free air (less than two parts per million before aftercooler).  The assembly shall be fully packaged, including air compressor, main drive motor, oil cooler, intercooler and after cooler, separate motor driven lubrication system, fan, regulation and control systems, all mounted on a common base frame and fully enclosed by a steel sound dampening enclosure.

		C. Air Compressor(s): Single-stage, oil-free, rotary-screw type with nonlubricated helical screws and lubricated gearbox, and of construction that prohibits oil from entering compression chamber.

		D. Receiver: Steel tank constructed according to ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.

		E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

		F. Control Panels: Automatic control station with load control and protection functions. Comply with NEMA ICS 2 and UL 508.

		G. Mounting Frame: Fabricate base and attachment to air compressor and components with reinforcement strong enough to resist movement during a seismic event when base is anchored to building structure.

		H. Manufacturers: Atlas Copco, Ingersoll – Rand, Champion, Gardner Denver, Quincy, Kobelco, compare or equal.



		2.3 HEATLESS TYPE REGENERATIVE DESICCANT COMPRESSED AIR DRYER

		A. Supply a heatless type regenerative desiccant compressed air dryer over all load conditions from 0-100%.

		B. The air dryer system shall be fabricated with dual desiccant chambers.  Inlet switching valves shall be two 2-way no-lube, pilot air operated, normally open.  Outlet valves shall be soft seated, silent check valves.  The purge valves shall be air operated, normally closed, so that in case of power failure or when the unit is de-energized, both the inlet valves are open and purge and depressurizing valves are closed to avoid any air loss.  The dryer unit shall be completely prepped, prewired, and test run before shipment.  Dryers up to 1600 SCFM shall be shipped with a full charge of desiccant, and larger dryers shall be shipped with loose desiccant to be charged to the vessels on site by the customer.  The dryer shall operate on a 10 minute cycle (5 minutes drying and 5 minutes regenerating).  The dryer shall be the manufacturer’s standard internally located regenerative desiccant compressed air dryer.

		C. Features to include: dew point controlled purge, step-down transformers, disconnect switches, inlet and outlet pressure gages, thermometers, automatic controls, and filters.

		D. Manufacturers:  BeaconMedaes, Champion, ZEKS, Zurn, Pneumatech, Ingersoll – Rand, or equal.



		2.4 INLET-AIR FILTERS

		A. Description: Combination inlet-air filter-silencer, suitable for remote installation, for multiple air compressors.



		2.5 COALESCING COMPRESSED AIR FILTER

		A. The entire filter assembly shall be constructed of non-corrosive materials which are approved by USDA and USFDA for use in compressed air and respiratory air systems and are entirely compatible with all natural, as well as synthetic, lubricating oils.  The assembly shall be capable of operating at temperature levels up to 225°F., and shall induce, when operated at rated flow, a maximum pressure drop of 1-1/2 psi dry.

		B. The filter housing shall be a T-type pressure vessel, 500 psi operating pressure, with a one piece element having a minimum D.O.P. efficiency of 99.97% (.3-.6 min.  aerosols), tested according to MIL-STD-282 shall not pass solids larger than .3um or liquid aerosols larger than .75um, shall be a minimum of 99.98% efficient on all sizes, and a manual or automatic drain device.

		C. Manufacturers:  Parker, ZEKS, Zurn, Ingersoll – Rand, or equal.



		2.6 SEQUENCE CONTROL PANELS FOR AIR COMPRESSOR

		A. Provide a sequence control panel which is UL approved.  The following components, as a minimum, shall be provided in a NEMA 12 enclosure.

		B. Compressor shall have automatic shut-off switches for the following conditions:

		C. Panel Location



		2.7 SEQUENCE CONTROL PANELS FOR COMPRESSED AIR DRYER

		A. The compressed air dryer manufacturer shall provide a sequence control panel which is UL listed the following components, as a minimum shall be provided in a NEMA 12 enclosure:

		B. Panel Location





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Install in accordance with the manufacturer’s recommendations.  Locate compressed air equipment and a concrete housekeeping pad and provide connection to system piping as shown on the drawings.  Provide process cooling water supply and return as requried and piping connection.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections 
in Division 22 specified herein. 


1.2 SCOPE 


A. Provide all labor and materials to install the following types of valves: 


1. Manual Valves 


2. Control Valves (Modulating and On/Off) 


3. Regulating 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


1.4 QUALITY ASSURANCE 


A. Manufacturer of all components shall be pre-approved by the Owner’s Representative. 


1. Document the following in submittals: 


a. Material 


b. Measured wall thickness tolerance. 


c. Verification of surface electropolishing for stainless steel valves. 


d. Measured Ra or Rmax surface roughness values as noted for each 
component for high purity valves. 


e. Cleaning procedure for high purity valves. 


f. Year and month of manufacturing. 


g. Certificate of conformance with all requirements of this specification. 


1.5 SUBMITTALS 


A. Prior to construction submit for approval in accordance with Division 01 the following: 


1. List of any exceptions to specifications. 


2. Literature on components with enough data to confirm product quality. 


3. Cv 


4. Leak rates for Helium testing. 


5. Surface finish guarantee. 


6. Dimensions 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Valves specified in this section are divided by type and subdivided into general and high 
purity service. 


B. All valves to have brass or plastic tags indicating service and number. 
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C. Valves are identified by their designation letters as follows: 


VALVES 


DESIGNATION VALVE TYPE 


BA Ball Valve 


BF Butterfly Valve 


CK Check Valve 


GA Gate Valve 


GL Globe Valve 


PL Plug Valve 


ND Needle Valve 


PRG Pressure Regulating Valve 


GV Gas Venturi 


DV Diaphragm Valve 


ACTUATORS 


PN Pneumatic 


ES Electric Solenoid 


Example: BA-PN-## = Ball Valve with pneumatic actuator 


D. All valves shall be sized to match inlet piping unless specifically noted on drawing. 


E. All high purity valves shall be cleaned and sealed in nitrogen filled plastic bags at the 
manufacturer.  Valves arriving at site with seals broken shall not be used.  Field 
cleaning of high purity valves is not permitted. Valves can be cleaned in A.O. Reed’s 
office if required. 


2.2 BALL VALVES 


A. Vacuum: 


1. Shutoff Valves provide two-piece, full port, bronze ball valve with bronze trim and 
soldered ends, MSS SP-110, 600 psi CWP rating, 150 psi SWP rating, PTFE or 
TFE seats, bronze stem, brass ball with hard chrome plate, and blowout-proof 
stem. Manufacturers:  Nibco S-585, Apollo series 77, or approved equal. 


2. Check Valves: Size 2-inch and smaller: Provide Nibco S-433, Jenkins or equal, 150 
psi SWP bronze check valve, 300 psi non-shock WOG with renewable bronze disc. 


B. Compressed Air: 


1. Shutoff Valves provide two-piece, full port, bronze ball valve with bronze trim and 
soldered ends, MSS SP-110, 600 psi CWP rating, 150 psi SWP rating, PTFE or 
TFE seats, bronze stem, brass ball with hard chrome plate, and blowout-proof 
stem. Valve shall be cleaned, capped/bagged, and delivered certified for "Oxygen 
Service" from the manufacturer. Manufacturers:  Nibco S-585, Apollo series 77, or 
approved equal. 


2. Pressure Regulators:  Provide pressure regulator with pressure gauge, adjustable 
from 10 to 120 psi, at compressed air point of connection to laboratory.  
Manufacturers:  Norgren Excelon 73, Watts R10, or approved equal. 


C. Laboratory (Natural) Gas: 


1. Shutoff Valves provide two-piece, full port, brass or bronze ball valve with brass 
trim and threaded ends, 400 psi CWP rating, 150 psi SWP rating, PTFE or TFE 
seats, brass stem, brass ball with hard chrome plate. Quarter-turn (closed to fully 
open) design, vinyl-coated steel lever handle requiring less than 5 lbs. pressure to 
operate. Ball valves shall be in compliance with NFPA 54, UL listed and AGA/CGA 
certified for natural gas service.  Manufacturers:  Nibco, Apollo, or approved equal. 


2. Zone Shutoff Valve Box: 
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a. Provide recessed zone valve box assembly consisting of the following 
components: minimum 16-gauge steel recessed valve box with white 
baked enamel finish, flush box door, continuous concealed door hinge, 
and 7.5” x 5.5” vision panel. Provide recessed zone valve box assembly 
with flush paddle handle latch, lock and key is not acceptable. 
Approximate recessed dimensions: 12-inch wide x 12-inch high x 4-inch 
deep. 


1) Identification: 


a) Zone valve box to be provided with engraved plastic 
label “LABORATORY GAS CONTROL VALVE”, “CLOSE 
ONLY IN EMERGENCY”. Engraved label to have white 
lettering on black label.   


b. Manufacturers:  Acudor model ARVB or approved equal. 


D. General Purity Specialty Gases: 


1. Application: 


a. Nitrogen (N2): Labs 211, 311 


2. Valves: Provide three-piece, full-port, bronze ball valve with stainless-steel trim and 
soldered ends,  MSS SP-110, 600 psi CWP rating, 150 psi SWP rating, PTFE or 
TFE seats, stainless steel stem and ball (vented), blowout-proof stem.  Valve shall 
be cleaned, capped and delivered certified for "Oxygen Service" from the 
manufacturer.  Manufacturers:  Nibco S-590, Apollo series 82, or approved equal. 


E. High Purity Specialty Gases (Ball Valve):  


1. Application: 


a. NanoFab SG1: Nitrogen (N2) 


b. NanoFab SG2: Argon (Ar) 


c. NanoFab SG3: Oxygen (O2) 


d. NanoFab SG4: Forming Gas (<5% Hydrogen in Nitrogen) 


e. Argon (Ar): Lab 222 


f. Hydrogen (H2): Lab 222 


g. Nitrogen (N2): Lab 222 


2. Valves: Provide Type 316L stainless steel ball valve with nylon directional rotary 
handle suitable for high purity applications.  Cleaning and Packaging shall be per 
Swagelok Specification SC-11 (Rev A) titled “Special Cleaning and Packaging” or 
equal specification to comply with ASTM G 93 Level C cleanliness requirements.  
Manufacturers: Swagelok 40G series with VCR fittings or equal. 


F. High Purity Specialty Gases (Diaphragm Valve): 


1. Application: 


a. Oxygen (O2): Lab 222 


2. Valves: Provide Type 316L stainless steel springless diaphragm valve with black 
nylon directional rotary handle suitable for high purity applications.  Cleaning and 
Packaging shall be per Swagelok Specification SC-11 (Rev A) titled “Special 
Cleaning and Packaging” or equal specification to comply with ASTM G 93 Level C 
cleanliness requirements.  Manufacturers: Swagelok DP series with VCR fitting or 
equal. 


G. Reverse Osmosis (RO) Water: 


1. Shutoff Valves provide one-piece, full port, PVC ball valve with soldered ends, MSS 
SP-122, 150 psi CWP rating, PTFE seats, EPDM seals, and PVC ball.  
Manufacturers: Nibco 4660-S, Hayward. 


2.3 REGULATOR ASSEMBLIES FOR SPECIALITY GASES 
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A. Manufacturers: Products, which comply with this specification section as judged and 
approved by the Owner’s representative, may be provided by the following manufacturers. 
All products specified in this section shall be the provided by a single manufacturer. 


a. Spectra Gases, Inc. (Linde), http://www.spectragases.com  


b. Advanced Specialty Gas Equipment, http://www.asge-online.com  


c. Applied Energy Systems, Inc., http://www.appliedenergysystems.com   


d. Or approved equal 


B. Regulator Assembly for Single Cylinder or Single Bank of Cylinders Arrangement 
(Flammable or High Purity Gases): 


1. Application: 


a. Argon (Ar): Lab 222 


b. Hydrogen (H2): Lab 222 


c. Nitrogen (N2): Lab 222 


2. General: Dual-stage regulator assembly consisting of inlet regulator, line regulator, 
accessories, and mounting plate. Assembly shall be complete and ready for use 
upon cylinder hookup. Inlet pressure rating of 3,000 psig; assembly line delivery 
pressure range 0 – 125 psig (unless otherwise noted). 


3. Regulator: High purity diffusion resistant type regulator, Type 316 stainless steel 
body, bonnet, and diaphragm, Teflon or Kel-F seats, metal-to-metal seals on the 
diaphragm. 


a. Regulators for halogenated corrosive gases shall have Hastelloy internal 
components. 


b. Provide sub-atmospheric regulator for gases with low operating vapor 
pressure. 


c. Provide gas heater for gases subject to excessive cooling. 


4. Flash Arrestor (Flammable gases only): A flash arrestor shall be installed on the 
outlet of the system. Body shall be Type 316 stainless steel with Viton seats and 
Teflon coated O-rings. Maximum outlet pressure to match system operating 
pressure. 


5. Check Valves: Check valves shall be integral to the CGA connection, Type 316 
stainless steel, and furnished with Viton O-rings. 


6. Gauges: Bourdon tube type, Type 316 stainless steel, 2-inch face for inlet and 
outlet pressures. Accuracy ±2% of full scale.  Inlet pressure:  0 – 4,000 psig range. 
 Outlet pressure: 0 – 200 psig or 1.25 times system operating pressure. 


7. Relief Valve: Seat-type, Type 316 stainless steel relief valve with Teflon-coated 
Viton O-ring and adjustable setting. 


8. Isolation Valve: Type 316 stainless steel, high purity packless diffusion resistant 
diaphragm valve with multi-turn handle. 


9. Cylinder Pigtails: 


a. Stainless Steel Tubing: Type 316L ¼-inch O.D. electropolished stainless 
steel tubing type with check valve and orbitally welded / VCR connections, 
Type 316 stainless steel CGA connection with integral check valve, 3,000 
psig inlet working pressure. 


10. Mounting Plate: Regulator assembly shall be attached to an anodized aluminum or 
stainless steel mounting plate (No. 4 finish or better), functionally labeled, pre-
drilled and ready for wall mounting. 


11. Pressure Switch: Switch or explosive proof switch (flammable gases) senses 
decreasing cylinder pressure to activate alarm; non-powered, single-pole, double-
throw, 125 vac, 5 amp, 60 Hz.  Contractor shall provide required conduit and wiring 
for system operation. 


12. Entire assembly helium leak checked to 1 x l0-9 scc/sec out board with a mass 
spectrometer. Dead end pressure tested for 12 hours creep test. 


13. Alarm Annunciator Panel: Provide alarm annunciator panel equipped with red 
(alarm) and green (normal) system status lights, minimum 80 dB audible alarm, 



http://www.spectragases.com/

http://www.asge-online.com/

http://www.appliedenergysystems.com/
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audible alarm silence button, and test button.  Panel shall include power cord to 
plug into a 120vac 60 Hz electrical supply receptacle and be equipped with integral 
120vac/24vac step-down power transformer as required. Provide permanent 
engraved labeling to identify alarm channel gas nomenclature. Provide single-
channel panel for a single monitored cylinder or multi-channel panel for multiple 
monitored gas cylinders arranged adjacent to each other. 


C. Regulator Assembly for Cryogenic Gases From Dewars:  


1. Application:  


a. Nitrogen (N2): Labs 211, 311 


2. General: Dual-stage regulator assembly consisting of inlet regulator, line regulator, 
accessories, and mounting plate. Assembly shall incorporate cryogenic regulators 
with heaters to prevent regulator freeze-up under flow conditions. Assembly shall 
be complete and ready for use upon dewar hookup. Inlet pressure rating of 350 
psig; assembly line delivery pressure range 40 – 90 psig (unless otherwise noted). 


3. Regulator: High purity diffusion resistant type regulator, Type 316 stainless steel 
body, bonnet, and diaphragm, Teflon or Kel-F seats, metal-to-metal seals on the 
diaphragm. 


4. Check Valves: Check valves shall be integral to the CGA connection, Type 316 
stainless steel, and furnished with Viton O-rings. 


5. Gauges: Bourdon tube type, Type 316 stainless steel, 2-inch face for inlet and 
outlet pressures. Accuracy ±2% of full scale.  Inlet pressure:  0 – 500 psig range.  
Outlet pressure: 0 – 200 psig or 1.25 times system operating pressure. 


6. Relief Valve: Seat-type, Type 316 stainless steel relief valve with Teflon-coated 
Viton O-ring and adjustable setting. 


7. Isolation Valve: Type 316 stainless steel, high purity packless diffusion resistant 
diaphragm valve with multi-turn handle. 


8. Flexible Hose Inlet Assembly: Provide 72-inch cryogenic pigtails constructed with 
nylon inner core with polyester braid with check valve.  Rated working pressure of 
1,375 psig. 


9. Pressure Switch: Switch senses decreasing cylinder pressure downstream of 
regulator to activate alarm; non-powered, double-pole, double-throw, 125 vac, 5 
amp, 60 Hz.  Contractor shall provide required conduit and wiring for system 
operation. 


10. Mounting Plate: Regulator assembly shall be attached to an anodized aluminum or 
stainless steel mounting plate (No. 4 finish or better), functionally labeled, pre-
drilled and ready for wall mounting. 


11. Entire assembly helium leak checked to 1 x l0-9 scc/sec out board with a mass 
spectrometer. Dead end pressure tested for 12 hours creep test. 


12. Alarm Annunciator Panel: Provide alarm annunciator panel equipped with red 
(alarm) and green (normal) system status lights, minimum 80 dB audible alarm, 
audible alarm silence button, and test button.  Panel shall include power cord to 
plug into a 120vac 60 Hz electrical supply receptacle and be equipped with integral 
120vac/24vac step-down power transformer as required. Provide permanent 
engraved labeling to identify alarm channel gas nomenclature. Provide single-
channel panel for a single monitored cylinder or multi-channel panel for multiple 
monitored gas cylinders arranged adjacent to each other. 


2.4 MANIFOLDS 


A. Manufacturers: Products, which comply with this specification section as judged and 
approved by the Owner’s representative, may be provided by the following manufacturers. 
All products specified in this section shall be the provided by a single manufacturer. 


1. Spectra Gases, Inc. (Linde), http://www.spectragases.com 


2. Advanced Specialty Gas Equipment, http://www.asge-online.com   



http://www.spectragases.com/

http://www.asge-online.com/
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3. Applied Energy Systems, Inc., http://www.appliedenergysystems.com  


4. Or approved equal. 


B. Semi-Automatic Cylinder Manifold System Assembly for Multiple Cylinders (Flammable or 
High Purity Gases): 


1. Application: 


a. NanoFab SG1: Nitrogen (N2) 


b. NanoFab SG2: Argon (Ar) 


c. NanoFab SG3: Oxygen (O2) 


d. NanoFab SG4: Forming Gas (<5% Hydrogen in Nitrogen) 


2. General: Provide semi-automatic changeover assembly for continuous supply of 
gas from active and reserve cylinder banks. Dual-stage regulator assembly 
consisting of inlet regulator, selector knob, line regulator, accessories, and 
mounting plate. Assembly shall be complete and ready for use upon cylinder 
hookup. Inlet pressure rating of 3,000 psig; assembly line delivery pressure range 0 
– 125 psig (unless otherwise noted). 


3. Regulator: High purity diffusion resistant type regulator, Type 316 stainless steel 
body, bonnet, and diaphragm, Teflon or Kel-F seats, metal-to-metal seals on the 
diaphragm. 


a. Regulators for halogenated corrosive gases shall have Hastelloy internal 
components. 


b. Provide sub-atmospheric regulator for gases with low operating vapor 
pressure. 


c. Provide gas heater for CO2 regulators and other gases subject to 
excessive cooling. 


4. Check Valves: Check valves shall be integral to the CGA connection, Type 316 
stainless steel, and furnished with Viton O-rings. 


5. Gauges: Bourdon tube type, Type 316 stainless steel, 2-inch face for inlet and 
outlet pressures. Accuracy ±2% of full scale.  Inlet pressure:  0 – 4,000 psig range. 
 Outlet pressure: 0 – 200 psig 1.25 times system operating pressure. Changeover 
assembly shall include pressure gauges to indicate pressures for service bank, 
reserve bank, and delivery. 


6. Relief Valve: Seat-type relief valve, Type 316 stainless steel with Teflon-coated 
Viton O-ring and adjustable setting. 


7. Isolation Valve: Type 316 stainless steel, high purity packless diffusion resistant 
diaphragm valve with multi-turn handle. Provide at outlet, inlets to allow isolation of 
either side of the changeover assembly, and at each cylinder connection. 


8. Manifold Piping: Install manifold headers consisting of seamless Type 316 stainless 
steel tube rated for 3,000 psig with individual station isolation valves. Provide Type 
316 stainless steel tees and couplers. 


9. Cylinder Pigtails: 


a. Stainless Steel Tubing: Type 316L ¼-inch O.D. electropolished stainless 
steel tubing type with check valve and orbitally welded / VCR connections, 
Type 316 stainless steel CGA connection with integral check valve, 3,000 
psig inlet working pressure. 


10. Mounting Plate: Manifold assembly shall be attached to an anodized aluminum or 
stainless steel mounting plate (No. 4 finish or better), functionally labeled, pre-
drilled and ready for wall mounting. 


11. Pressure Switch: Explosive proof switch senses decreasing cylinder pressure to 
activate alarm; non-powered, single-pole, double-throw, 125 vac, 5 amp, 60 Hz.  
Contractor shall provide required conduit and wiring for system operation. 


12. Entire assembly helium leak checked to 1 x l0
-6


 scc/sec out board with a mass 
spectrometer. Dead end pressure tested for 12 hours creep test. 


13. Alarm Annunciator Panel: Provide alarm annunciator panel equipped with red 
(alarm) and green (normal) system status lights, minimum 80 dB audible alarm, 



http://www.appliedenergysystems.com/
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audible alarm silence button, and test button.  Panel shall include power cord to 
plug into a 120vac 60 Hz electrical supply receptacle and be equipped with integral 
120vac/24vac step-down power transformer as required. Provide permanent 
engraved labeling to identify alarm channel gas nomenclature. Provide single-
channel panel for a single monitored cylinder or multi-channel panel for multiple 
monitored gas cylinders arranged adjacent to each other. 


2.5 VALVE SCHEDULE FRAMES 


A. Provide a separate valve schedule for each system; include tag number, size and location 
by room and column. For each page of valve schedule, provide glazed display frame, with 
screws for removable mounting on framed or masonry walls. Provide frames of finished 
hardwood or extruded aluminum, with SSB-grade sheet of glass. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. All materials and installation work shall conform to all applicable codes and regulations.  All 
work shall be done in a competent and workmanlike manner using the best practice and 
latest techniques of the trade. 


1. The Contractor shall employ for this work only labor which has been qualified by 
training and experience to capably perform the specified activities required to 
accomplish the work in a satisfactory manner. 


3.2 QUALITY ASSURANCE 


A. All material shall be reviewed by the contractor.  Any valve that does not conform to the 
specified requirements shall be rejected. 


B. High Purity Valves 


1. Inspect all valves to verify bags are not punctured.  Valves with open bags or caps 
will be rejected and returned to the manufacturer for recleaning.  Inspect valves for 
interior contamination. 


2. No high or ultra high purity valves will be cleaned on site or shop cleaned. 


3.3 INSTALLATION 


A. General Service Valves 


1. Install general service valves per Section 221000. 


B. Reverse Osmosis (RO) Water:  


1. Install valves on services as indicated on plumbing drawings.  


2. Fixture Connection: Install supply shutoff valve for each fixture as indicated on 
plumbing drawings. Install flexible tubing from valve to fixture supply water 
connection.  


3. Cleaning:  


a. Refer to corresponding sections of Division 22 for system cleaning and 
disinfecting requirements.  


b. If not specified elsewhere, minimum requirements shall be to flush and 
disinfect new water lines with “MINNCARE” or equal cleaning solution.  


C. Laboratory Vacuum:  


1. Install valves on services as indicated on plumbing drawings.  
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2. Fixture Connection: Install flexible connector from piping to fixture connection as 
indicated on plumbing drawings.  


3. Cleaning:  


a. Refer to corresponding sections of Division 22 for system cleaning 
requirements.  


D. Compressed and Laboratory Air:  


1. Install valves on services as indicated on plumbing drawings.  


2. Fixture Connection: Install flexible connector from piping to fixture connection as 
indicated on plumbing drawings.  


3. Copper Valve:  


a. Brazed joints shall be made using a brazing alloy that exhibits a melting 
temperature in excess of 538°C (1000°F). Copper-to-copper joints shall be 
brazed using a copper–phosphorus–silver brazing filler metal (BCuP 
series) without flux. Flux shall only be used when brazing dissimilar metals 
such as copper and bronze or brass, using a silver (BAg series) brazing 
filler metal. Brazing alloy comply with ANSI/AWS A.5.8 Specification for 
Brazing Filler Metal. Residual flux on interior surfaces of tubing and fittings 
must be completed removed with cleaning processes.  


b. While being brazed, all piping joints shall be continuously purged with oil-
free, dry Nitrogen to prevent the formation of copper oxide on the inside 
surfaces of the joint. The purge shall be maintained until the joint is cool to 
the touch.  


E. Laboratory (Natural) Gas:  


1. Install valves on services as indicated on plumbing drawings.  


2. Fixture Connection: Install flexible connector from piping to fixture connection as 
indicated on LP-series drawings.  


3. Installation Standards: Install valves in accordance with recommendations of NFPA 
54.  


4. Install in-line shutoff valves at locations and per details shown on plumbing 
drawings.  


F. Specialty Gases: 


1. Comply with NFPA 45-2011. Install valves specified and as shown on drawings. 


2. Provide and install pressure regulators and cylinder manifolds where shown on 
drawings. 


3. Provide valves for cylinder manifold systems within laboratory room to services as 
shown on plumbing drawings. Provide threaded couplings at final connection to 
service fittings. 


4. Copper Valve: 


a. Brazed joints shall be made using a brazing alloy that exhibits a melting 
temperature in excess of 538°C (1000°F). Copper-to-copper joints shall be 
brazed using a copper-phosphorus-silver brazing filler material (BCuP 
series) without flux. Flux shall only be used when brazing dissimilar metals 
such as copper and bronze or brass, using silver (Bag series) brazing filler 
metal. Brazing alloy comply with ANSI/AWS A5.8 Specification for brazing 
Filler Metal. Residual flux on interior surfaces of tubing and fittings must 
be completely removed with cleaning process. 


b. While being brazed, all piping joints shall be continuously purged with oil-
free, dry Nitrogen to prevent the formation of copper oxide on the inside 
surfaces of the joint. The purge shall be maintained until the joint is cool to 
the touch. 
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c. The outside of all tubes, joints, and fittings shall be cleaned by washing 
with hot water after assembly to remove any excess flux and provide for 
clear visual inspection of brazed connections. 


5. Stainless Steel Valve 


a. Systems shall be welded with an automatic orbital TIG welding machine 
with a fully enclosed weld head. Welding process shall utilize Gas 
Tungsten Arc (GTA). Tungsten electrodes shall be replaced at regular 
intervals by procedure to produce high quality welds. An Argon back purge 
is required inside the tubing during welding and an Argon purge is required 
around the weld head during the welding process. Argon quality shall meet 
or exceed 100 ppb moisture, 100 ppb oxygen, and 100 ppb total 
hydrocarbons (TOC). 


b. Welding shall be performed by qualified welders certified on the welding 
machine being used. Submit welder’s qualification and current 
certifications. 


c. At completion of work day, all uncompleted tubing runs shall be capped 
and sealed with stainless steel compression fittings with nylon ferrules. 


d. All welds should be performed in a clean environment, free of construction 
dirt, dust, and debris. Provide temporary enclosures with HEPA filtration 
supply air for fabricating welded subassemblies. Workers in clean 
environment shall wear appropriate garments (gloves, hair nets, booties, 
smocks, etcU) for welding procedures to ensure tubing system 
cleanliness is maintained. Welded connections of subassemblies in the 
final locations shall be made within a purged atmosphere to prevent 
entrainment of contamination in the tubing system during the welding 
process. 


e. Each weld shall be given a unique identification number indicating weld 
date, machine used, and welder’s identification recorded on the piping and 
as-built project drawings. 


f. Weekly pipe segment coupon welds shall be performed at the start of 
each work week and immediately following electrode replacement for each 
pipe size weld. The coupons shall be cut open and inspected for 
satisfactory welding machine performance by qualified welding inspector. 
The inspection shall be documented with digital photographs and checklist 
with observed results. Include the coupon test inspection records as part 
of the O&M’s. 


6. Cleaning: 


a. General: All valves shall be delivered to the site cleaned, capped, and 
protected. If contamination occurs, the item shall be replaced at no 
additional cost to the Owner. Mass cleaning and/or re-cleaning on site will 
not be permitted. Cleaning components on site shall be restricted to that 
required when tubing is cut. Items shall be cleaned in strict compliance 
with the provisions of the purity level of the piping system. Valves and 
fittings which become contaminated shall be replaced at no cost to the 
Owner. 


b. General Purity Specialty Valves: Items shall be cleaned by the supplier in 
strict compliance with the provisions of “Oxygen” services. 


c. Ultra-High Purity Specialty Valves: Items shall be cleaned and purged by 
the supplier in strict compliance with the provisions of the manufacturer’s 
ultra-high purity cleanliness standards. 


3.4 TESTS 


A. Contractor shall thoroughly test all Work prior to operation in the presence of Owner’s 
Representative. Any Work showing faults under test shall be replaced. Contractor shall 
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maintain an accurate written record of all tests and test results, and shall submit three 
copies of all final tests to the Owner’s Representative. 


B. Refer to Division 22 specifications for system test requirements. If not specified elsewhere, 
minimum requirements shall be as follows: 


1. RO Water Valves: Do not conceal any valves and piping until satisfactorily tested. 
Test and prove tight under a hydrostatic pressure of 100 psi for a period of four (4) 
hours and carefully check for leaks. Repair all leaks and retest system until proven 
watertight with no loss of pressure or leakage allowed. 


2. Laboratory Vacuum: Test and prove valves airtight under an air pressure of 50 psig 
for a period of four (4) hours and bubble test all joints with a soap solution. 
Following pressure test, perform vacuum hold test pressure of -25” Hg for a period 
of four (4) hours with a maximum vacuum degradation of 1.25” Hg allowed. Repair 
all leaks and retest system until proven airtight. 


3. Compressed and Laboratory Air Valves: Test and prove airtight under an air 
pressure of 150 psig for a period of four (4) hours and bubble test all joints with a 
soap solution. Repair all leaks and retest system until proven airtight with no loss of 
pressure or leakage allowed. 


4. Laboratory (Natural) Gas Valve: Test and prove gas-tight under an air pressure of 
50 psig for a period of four (4) hours and bubble test all joints with a soap solution. 
Repair all leaks and retest system until proven gas-tight with no loss of pressure or 
leakage allowed. Make a final 24-hour standing pressure test with air at 20 psig 
before connecting equipment. Retest the system until it is proven free of leaks. 


C. General Purity Specialty Non-Toxic, Non-Flammable Valves: 


1. General: 


a. Prior to testing operation, open valves and blow out pipelines to remove 
foreign matter. 


b. Perform testing in presence of the Owner’s Representative. 


c. Use 99.995% purity Nitrogen for purging and for pressure and leak testing. 


d. Observe safety procedures at all times. 


e. Use gauges cleaned for “Oxygen” service. 


2. Pressure Tests: 


a. Nitrogen Pressure Test: The line shall be pressure-tested at 200 psig of 1 
½ times the operating pressure (whichever is higher) for 24 hours. The line 
pressure shall be monitored and corrected for ambient temperature. 


3. Leak Tests: 


a. Nitrogen Pressure Test: The line pressure shall be brought upto test 
pressure. Perform bubble test of all joints with a soap solution. Repair all 
leaks and retest system until proven gas-tight with no loss of pressure or 
leakage allowed. 


D. High Purity Specialty Valves: 


1. General: 


a. The Owner’s Representative has the option to cut out several brazed or 
welded joints of each system to visually inspect the cleanliness and 
workmanship of the joint. For any joint section that is unacceptable, the 
replacement cost will be borne by the Contractor. 


b. Prior to testing operation, open valves and blow out pipelines to remove 
foreign matter. 


c. Perform testing in presence of the Owner’s Representative. 


d. Use 99.999% purity Argon or Nitrogen for purging and pressure testing. 


e. Observe safety procedures at all times. 


f. Use gauges cleaned for High Purity service. 


2. System Integrity Test: 
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a. Pressure test: The line shall be pressure-tested at 200 psig or 1 ½ times 
the operating pressure (whichever is higher) for 24 hours. The line 
pressure shall be monitored and corrected for ambient temperature. A 
pressure drop that cannot be temperature compensated shall require 
corrective action and retesting. 


 


SYSTEM TEST MEDIUM TEST PRESSURE TOLERANCE TEST PERIOD 


Purified Water Water 100 psi 4 Hours 


Lab Vacuum Air 
50psi  


-25” Hg 
4 Hours 
4 Hours 


General Purity Specialty 
Non-Toxic Non 


Flammable 
Nitrogen 


200 psig or 1 ½ times 
operating pressure 


24 Hours 


High Purity Specialty 
Gases 


Nitrogen 
200 psig or 1 ½ times 


operating pressure 
24 Hours 


Compressed Air/ Lab Air Air 50 psi 4 Hours 


  
 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. Provide all labor and materials to install the following types of valves:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods



		1.4 QUALITY ASSURANCE

		A. Manufacturer of all components shall be pre-approved by the Owner’s Representative.



		1.5 SUBMITTALS

		A. Prior to construction submit for approval in accordance with Division 01 the following:





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Valves specified in this section are divided by type and subdivided into general and high purity service.

		B. All valves to have brass or plastic tags indicating service and number.

		C. Valves are identified by their designation letters as follows:

		D. All valves shall be sized to match inlet piping unless specifically noted on drawing.

		E. All high purity valves shall be cleaned and sealed in nitrogen filled plastic bags at the manufacturer.  Valves arriving at site with seals broken shall not be used.  Field cleaning of high purity valves is not permitted. Valves can be cleaned in A.O. Reed’s office if required.



		2.2 BALL VALVES

		A. Vacuum:

		B. Compressed Air:

		C. Laboratory (Natural) Gas:

		D. General Purity Specialty Gases:

		E. High Purity Specialty Gases (Ball Valve): 

		F. High Purity Specialty Gases (Diaphragm Valve):

		G. Reverse Osmosis (RO) Water:



		2.3 REGULATOR ASSEMBLIES FOR SPECIALITY GASES

		A. Manufacturers: Products, which comply with this specification section as judged and approved by the Owner’s representative, may be provided by the following manufacturers. All products specified in this section shall be the provided by a single manufacturer.

		B. Regulator Assembly for Single Cylinder or Single Bank of Cylinders Arrangement (Flammable or High Purity Gases):

		C. Regulator Assembly for Cryogenic Gases From Dewars: 



		2.4 MANIFOLDS

		A. Manufacturers: Products, which comply with this specification section as judged and approved by the Owner’s representative, may be provided by the following manufacturers. All products specified in this section shall be the provided by a single manufacturer.

		B. Semi-Automatic Cylinder Manifold System Assembly for Multiple Cylinders (Flammable or High Purity Gases):



		2.5 VALVE SCHEDULE FRAMES

		A. Provide a separate valve schedule for each system; include tag number, size and location by room and column. For each page of valve schedule, provide glazed display frame, with screws for removable mounting on framed or masonry walls. Provide frames of finished hardwood or extruded aluminum, with SSB-grade sheet of glass.





		PART 3 - EXECUTION

		3.1 GENERAL

		A. All materials and installation work shall conform to all applicable codes and regulations.  All work shall be done in a competent and workmanlike manner using the best practice and latest techniques of the trade.



		3.2 QUALITY ASSURANCE

		A. All material shall be reviewed by the contractor.  Any valve that does not conform to the specified requirements shall be rejected.

		B. High Purity Valves



		3.3 INSTALLATION

		A. General Service Valves

		B. Reverse Osmosis (RO) Water: 

		C. Laboratory Vacuum: 

		D. Compressed and Laboratory Air: 

		E. Laboratory (Natural) Gas: 

		F. Specialty Gases:



		3.4 TESTS

		A. Contractor shall thoroughly test all Work prior to operation in the presence of Owner’s Representative. Any Work showing faults under test shall be replaced. Contractor shall maintain an accurate written record of all tests and test results, and shall submit three copies of all final tests to the Owner’s Representative.

		B. Refer to Division 22 specifications for system test requirements. If not specified elsewhere, minimum requirements shall be as follows:

		C. General Purity Specialty Non-Toxic, Non-Flammable Valves:

		D. High Purity Specialty Valves:
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other 
Sections in Division 22 specified herein. 


1.2 SCOPE 


A. Provide all labor, materials, equipment and services necessary to furnish and install a 
complete process piping system, as indicated or specified.  Install and deliver all 
systems complete, in perfect working order, and in full accordance with the intent and 
meaning of the drawings and specifications.  The work, in general, consists of, but is not 
necessarily limited to, the following: 


1. A complete acid waste and vent piping system to serve lab spaces. 


2. A complete industrial cold water (soft water) piping system. 


3. A complete compressed air piping system. 


4. A complete process vacuum piping system. 


5. A complete Reverse Osmosis (RO) water piping system. 


6. Testing of all piping systems as specified hereinafter. 


7. Preparation of as-built drawings. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Division 03: Concrete 


B. Section 220500:  Basic Plumbing Materials and Methods 


C. Section 220700:  Plumbing Insulation 


D. Division 26:  Electrical. 


1.4 QUALITY ASSURANCE 


A. Comply with codes and standards required for proper system installation. 


1.5 WORKMANSHIP 


A. Install all work pertaining to process piping systems as close as possible to layout shown 
on the drawings.  Employ skilled mechanics to install all systems in a manner acceptable 
to the owner. 


1.6 SUBMITTALS 


A. Prior to construction submit for approval all materials and equipment in accordance with 
Division 01 requirements. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to site under provisions of Division 01.  Deliver products to the site in 
containers with manufacturer's stamp or label affixed. 
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B. Store/protect products under provisions of Division 01.  Protect products against dirt, 
water, chemical, and mechanical damage.  Do not install damaged products - remove 
from project site. 


PART 2 - PRODUCTS 


2.1 ACID AND FLUORIDE WASTE & VENT 


A. Piping: 


1. Carrier: Schedule 80 polypropylene ASTM D4101 with electric fusion joints, 
flame retardant for above grade Enfield. 


2. Containment: Schedule 80 white PVC piping with clamshell fittings and 
centralizers, R & G Sloane “Contain-It”. 


3. Provide leak detection tees, 50 ft. on center. 


2.2 INDUSTRIAL COLD WATER (SOFT WATER) 


A. Piping:  Type "L" hard drawn copper, conforming to ASTM B88. 


B. Fittings:  Provide wrought copper type fittings conforming to ANSI A40.2 for all 
connections to copper piping. 


C. Solder 


1. Lines 1/2" through 2": Use 95/5 solder with suitable flux. 


2. Lines 2-1/2" and Larger:  Use Aircoil 45, or other silver bracing alloy of 
equivalent melting point and physical properties.  Use Aircoil Flux, or equal 
suitable to bracing alloy. 


2.3 COMPRESSED AIR PIPING 


A. Piping: Type "L" hard drawn copper tubing per ASTM-B-88. 


1. Fittings:  Provide wrought copper fittings conforming to ANSI-A40.2.  Clean, free 
from oxide and corrosion. 


2. Braze Alloy:  SilPhos 15 or HP-101 B CU2 braze alloy with residual matter less 
than 0.015% (no flux shall be used). 


3. Valves 


a. Ball Valves: Socket end for braising, 2" and smaller; ANSI B16.34, 400 
psi ASTM B16 brass 2-piece body, reinforced Teflon seats and seals, 
conventional part, blow out proof brass stem, stainless steel ball and 
extended solder cups. 


b. Butterfly Valves: Lug type 2-1/2" and larger; MSS SP-67, ductile iron 
body, ASTM A395, stainless steel disc, EPT sleeve and o-rings, lever 
operated; over 6" chain operated. 


c. Check Valves:  Nibco, Grinnell.  Spring type check valves. 


2.4 PROCESS VACUUM SYSTEM 


A. Piping: Category 3 Type "L" hard drawn copper tubing per ASTM B 88. 


B. Fittings:  Brazed or soldered fittings complying with ASTM B16.22. 


C. Joints 
 


1. Brazed, soldered, threaded, flared or compression type. 
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2.5 RO WATER 


A. Piping: Polyvinylchloride (PVC) Schedule 80, Type 1, Grade 1, conforming to ASTM D 
1785. 


B. Fittings: “Chemtrol” PVC Type 1, Schedule 80, Grade 1 designed for socket weld joints. 


PART 3 - EXECUTION 


3.1 ACID WASTE AND VENT 


A. Clean the end of the pipe with dry rag and remove all burrs and moisture.  Install pipe 
and fittings in strict accordance with manufacturer's written instructions. 


B. Clamshell fittings shall be installed with epoxy cement by same manufacturer as fittings. 
 Epoxy to be carefully applied as not to interfere with leak detection cables. 


C. Test acid waste by filling with water to highest point of system and test with 10 feet head 
of water held for four (1) hours. 


3.2 INDUSTRIAL COLD WATER (SOFT WATER) 


A. Installation:  Extend water piping to all outlets and equipment.  Provide shut-off valves as 
illustrated.  Provide capped or plugged valved outlets where indicated for future 
equipment connections. 


B. Sterilization:  Sterilize the entire water distribution system thoroughly with a solution 
containing not less than 50 parts per million of available chlorine.  For the chlorinating 
material use sodium hypochlorite solution conforming to Federal Specification 0-8-441, 
Grade D, and introduce into the system in a manner approved by the Owner.  Allow the 
sterilizing solution to remain in the system for a period of 8 hours, during which time all 
valves and faucets shall be opened and closed several times.  After sterilization, flush 
the solution from the system with clean water until the residual chlorine content is not 
greater than 0.2 parts per million, unless otherwise directed. 


C. Testing:  Test industrial cold water system with a minimum of 125 psi hydrostatic 
pressure and hold for four (4) hours.  Perform testing prior to sterilization. 


3.3 COMPRESSED AIR (COPPER) 


A. Installation 


1. During brazing and soldering, all gas lines must be continuously purged with 
nitrogen gas allowed to escape to atmosphere through a restrictor.  No brazed 
joint can be less than six inches away from the end of the purge line, which may 
require the use of an extension.  For each purge restrictor used, use a minimum 
flow of 10 to 15 CPH of N2 purge gas, but in all cases use sufficient purge gas 
to prevent oxidation.  Any line showing traces of oxidation shall be removed 
occasionally to assure compliance with accepted cleaning and installation 
procedures.  The section removed shall be no more than three feet long and 
amount to no more than three percent of the total piping system. 


2. No more than 60 feet of pipe to be assembled on line prior to brazing and 
soldering. 


3. Place caps with 1/8" diameter purge hole restrictors on each exit of the section 
of the line being fabricated. 
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4. A minimum of six inches of purge extension is required for all brazed joints. 


5. Insert pipe full depth of the fitting. 


6. Piping shall be run as direct as possible and run from nearest terminal valve.  
Terminal valves shall not be overloaded.  Accessibility to valves must be 
considered. 


7. Valve location to be staggered to allow space to operate valve. 


8. All joints which show evidence of overheating, cracking, poor penetration, or 
other defects of fit-up or workmanship shall be replaced, as directed by the 
Owner's representative. 


9. If the system becomes contaminated due to fabrication technique, the contractor 
must replace the system at the contractor's expense, with fresh material. 


10. Pipes shall be cut with ends square and true to size.  Only new tubing cutters 
dedicated to this system, with sharp cutting wheels, with no oil or grease, shall 
be used.  Remove burrs with deburring tool only, then purge to remove any 
chips left in pipe. 


11. All joints in the piping, except those at valves or equipment requiring screwed 
connections, shall be made with fluxless type braze material. 


12. Suitable adaptors shall be used for installation of valves and other equipment 
provided with threaded connections. 


13. In joining fittings to 3/4" diameter tubing or smaller, the entire joint can be brazed 
in one simultaneous heating operation.  When pipe and fittings are larger than 
3/4" diameter, sectional heating is required. 


14. No pipe dope shall be used on any screwed joints. 


15. A section of tubing to be cut from a length shall be cleaned with an abrasive 
cloth sufficient for a joint area on each side of the intended cut-off point before 
the cut is made. 


16. Support tubing and fitting as necessary to keep their axis straight and in line and 
maintain equal clearance around the tubing and fitting to permit uniform capillary 
action to have proper effect on alloy position. 


17. Use of screwed joints shall be kept to an absolute minimum and where their use 
is indicated or required, they shall be made up with only Teflon tape. 


B. Inspection:  All equipment, materials, and installations shall be tested in the presence of 
the Owner or the Owner's representative.  The Owner's representative reserves the right 
to have any joint in the piping system, which he suspects may be faulty or, as a part of a 
quality control program, to be cut out of the system by the contractor for inspection and 
testing.  Should the joint prove to be sound, and above the quality control 3%, the owner 
will reimburse the contractor on a time and material basis, as specified in the general 
conditions of the contract.  Should the joint prove to be faulty or the adjacent piping 
found to be uncleaned or oxidized, the destructive test will continue joint by joint until 
sound pipe is found. 


3.4  VACUUM PIPING (COPPER) 


A. Installation 


1. Fabricate and install systems in accordance with ASME B31.1, MSS SP-69 and 
AWS WHB-2.9.  


2. Install piping systems materials in accordance with manufacturer's instructions.  


3. Fabricate pipe to measurements established on the job and carefully work into 
place without springing or forcing. Make adequate provisions for absorbing all 
expansion and contraction without undue stress in any part of the system.  


4. Keep pipe, tubing, fittings, valves, equipment, and accessories clean and free of 
foreign material before being installed in their respective systems.  
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5. Purge lines with dry, oil-free compressed air after erection, but do not rely on 
purging for removing all foreign matter. Perform purging at a velocity greater 
than maximum normal-flow velocity and be approved by the Contracting Officer.  


6. During the progress of construction, properly protect open ends of pipe, fittings, 
and valves at all times to prevent the admission of foreign matter. Place plugs or 
caps in the ends of all installed work at all times when connections are not 
actually under way. Ensure plugs are commercially manufactured products.  


7. Install piping straight and true with approved offsets around obstructions with 
necessary expansion bends or fitting offsets essential to a 


 


B. Inspection:  All equipment, materials, and installations shall be tested in the presence of 
the Owner or the Owner's representative.  The Owner's representative reserves the right 
to have any joint in the piping system, which he suspects may be faulty or, as a part of a 
quality control program, to be cut out of the system by the contractor for inspection and 
testing.  Should the joint prove to be sound, and above the quality control 3%, the owner 
will reimburse the contractor on a time and material basis, as specified in the general 
conditions of the contract.  Should the joint prove to be faulty or the adjacent piping 
found to be uncleaned or oxidized, the destructive test will continue joint by joint until 
sound pipe is found. 


3.5 RO WATER 


A. Installation: Extend RO Water piping to all outlets and equipment.  Provide shut-off 
valves as illustrated.  Provide capped or plugged valved outlets where indicated for 
future fixture connections.  Comply with ASTM f 402 for handling solvent cements, 
primers, and cleaners.  Make joints in accordance with ASTM D 2672. 


B. Inspection:  All equipment, materials, and installations shall be tested in the presence of 
the Owner or the Owner's representative.  The Owner's representative reserves the right 
to have any joint in the piping system, which he suspects may be faulty or, as a part of a 
quality control program, to be cut out of the system by the contractor for inspection and 
testing.  Should the joint prove to be sound, and above the quality control 3%, the owner 
will reimburse the contractor on a time and material basis, as specified in the general 
conditions of the contract.  Should the joint prove to be faulty or the adjacent piping 
found to be uncleaned, the destructive test will continue joint by joint until sound pipe is 
found. 


 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. Provide all labor, materials, equipment and services necessary to furnish and install a complete process piping system, as indicated or specified.  Install and deliver all systems complete, in perfect working order, and in full accordance with the intent and meaning of the drawings and specifications.  The work, in general, consists of, but is not necessarily limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Division 03: Concrete

		B. Section 220500:  Basic Plumbing Materials and Methods

		C. Section 220700:  Plumbing Insulation

		D. Division 26:  Electrical.



		1.4 QUALITY ASSURANCE

		A. Comply with codes and standards required for proper system installation.



		1.5 WORKMANSHIP

		A. Install all work pertaining to process piping systems as close as possible to layout shown on the drawings.  Employ skilled mechanics to install all systems in a manner acceptable to the owner.



		1.6 SUBMITTALS

		A. Prior to construction submit for approval all materials and equipment in accordance with Division 01 requirements.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to site under provisions of Division 01.  Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store/protect products under provisions of Division 01.  Protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged products - remove from project site.





		PART 2 - PRODUCTS

		2.1 ACID AND FLUORIDE WASTE & VENT

		A. Piping:



		2.2 INDUSTRIAL COLD WATER (SOFT WATER)

		A. Piping:  Type "L" hard drawn copper, conforming to ASTM B88.

		B. Fittings:  Provide wrought copper type fittings conforming to ANSI A40.2 for all connections to copper piping.

		C. Solder



		2.3 COMPRESSED AIR PIPING

		A. Piping: Type "L" hard drawn copper tubing per ASTM�B�88.



		2.4 PROCESS VACUUM SYSTEM

		A. Piping: Category 3 Type "L" hard drawn copper tubing per ASTM B 88.

		B. Fittings:  Brazed or soldered fittings complying with ASTM B16.22.

		C. Joints



		2.5 RO WATER

		A. Piping: Polyvinylchloride (PVC) Schedule 80, Type 1, Grade 1, conforming to ASTM D 1785.

		B. Fittings: “Chemtrol” PVC Type 1, Schedule 80, Grade 1 designed for socket weld joints.





		PART 3 - EXECUTION

		3.1 ACID WASTE AND VENT

		A. Clean the end of the pipe with dry rag and remove all burrs and moisture.  Install pipe and fittings in strict accordance with manufacturer's written instructions.

		B. Clamshell fittings shall be installed with epoxy cement by same manufacturer as fittings.  Epoxy to be carefully applied as not to interfere with leak detection cables.

		C. Test acid waste by filling with water to highest point of system and test with 10 feet head of water held for four (1) hours.



		3.2 INDUSTRIAL COLD WATER (SOFT WATER)

		A. Installation:  Extend water piping to all outlets and equipment.  Provide shut�off valves as illustrated.  Provide capped or plugged valved outlets where indicated for future equipment connections.

		B. Sterilization:  Sterilize the entire water distribution system thoroughly with a solution containing not less than 50 parts per million of available chlorine.  For the chlorinating material use sodium hypochlorite solution conforming to Federal Specification 0�8�441, Grade D, and introduce into the system in a manner approved by the Owner.  Allow the sterilizing solution to remain in the system for a period of 8 hours, during which time all valves and faucets shall be opened and closed several times.  After sterilization, flush the solution from the system with clean water until the residual chlorine content is not greater than 0.2 parts per million, unless otherwise directed.

		C. Testing:  Test industrial cold water system with a minimum of 125 psi hydrostatic pressure and hold for four (4) hours.  Perform testing prior to sterilization.



		3.3 COMPRESSED AIR (COPPER)

		A. Installation

		B. Inspection:  All equipment, materials, and installations shall be tested in the presence of the Owner or the Owner's representative.  The Owner's representative reserves the right to have any joint in the piping system, which he suspects may be faulty or, as a part of a quality control program, to be cut out of the system by the contractor for inspection and testing.  Should the joint prove to be sound, and above the quality control 3%, the owner will reimburse the contractor on a time and material basis, as specified in the general conditions of the contract.  Should the joint prove to be faulty or the adjacent piping found to be uncleaned or oxidized, the destructive test will continue joint by joint until sound pipe is found.



		3.4  VACUUM PIPING (COPPER)

		A. Installation

		B. Inspection:  All equipment, materials, and installations shall be tested in the presence of the Owner or the Owner's representative.  The Owner's representative reserves the right to have any joint in the piping system, which he suspects may be faulty or, as a part of a quality control program, to be cut out of the system by the contractor for inspection and testing.  Should the joint prove to be sound, and above the quality control 3%, the owner will reimburse the contractor on a time and material basis, as specified in the general conditions of the contract.  Should the joint prove to be faulty or the adjacent piping found to be uncleaned or oxidized, the destructive test will continue joint by joint until sound pipe is found.



		3.5 RO WATER

		A. Installation: Extend RO Water piping to all outlets and equipment.  Provide shut-off valves as illustrated.  Provide capped or plugged valved outlets where indicated for future fixture connections.  Comply with ASTM f 402 for handling solvent cements, primers, and cleaners.  Make joints in accordance with ASTM D 2672.

		B. Inspection:  All equipment, materials, and installations shall be tested in the presence of the Owner or the Owner's representative.  The Owner's representative reserves the right to have any joint in the piping system, which he suspects may be faulty or, as a part of a quality control program, to be cut out of the system by the contractor for inspection and testing.  Should the joint prove to be sound, and above the quality control 3%, the owner will reimburse the contractor on a time and material basis, as specified in the general conditions of the contract.  Should the joint prove to be faulty or the adjacent piping found to be uncleaned, the destructive test will continue joint by joint until sound pipe is found.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this section shall include but not 
necessarily be limited to the following: 
1. Water heaters 


a. Natural Gas Condensing Tank Type 
2. Storage Tank 
3. Expansion Tank 
4. Condensate Neutralizer 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 224000:  Plumbing Fixtures 


C. Section 235100:  Breechings, Chimneys and Stacks 


1.4 QUALITY ASSURANCE – WATER HEATERS 


A. Manufacturers and Representatives Qualifications.  Firms regularly engaged in 
manufacture of water heating equipment, systems and service shall have been 
active in the field and whose products have been in satisfactory use in similar service 
for not less than 5 years. 


B. Minimum Efficiency: Minimum efficiencies shall meet or exceed the values required 
by the local energy code.  Water heater shall include automatic temperature control 
for maintaining leaving water temperature setpoint. 


C. ASME Compliance:  Condensing water heaters must be constructed in accordance 
with ASME Water heater and Pressure Vessel Code, Section IV (HLW) Potable 
Water Heaters. 


D. ANSI Compliance:  Condensing water heaters must be tested for compliance with 
ANSI Z21.10.3 (2011) / CSA 4.3 Gas Water Heater. For use as a potable water 
heater, "American National Standard / CSA Standard for Gas Water Heaters."  
Condensing water heaters shall be listed and labeled by a testing agency acceptable 
to authorities having jurisdiction.  
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1.5 SUBMITTALS 


A. Prior to construction submit for approval all materials and equipment in accordance 
with Division 01.  Submit manufacturer's data, colors, installation instructions, and 
maintenance and operating instructions for all components of this section including, 
but not limited to, the following: 
1. Water heaters 
2. Storage Tank 
3. Expansion Tank 
4. Recirculating Pump 
5. Thermostatic Mixing Valve 


B. HVAC Work:  Coordinate with Division 23, Section 235100 for flue and vent 
requirements. 


C. Electrical Work:  Refer to Division 22, Section 220500 for requirements and 
coordinate with Division 26. 


D. Product Data:  Include performance data, operating characteristics, furnished 
specialties and accessories. 


E. Water Heater Pressure Drop Curve:  Submit pressure drop curve for flows ranging 
from 0 gpm to maximum value of water heater. 


F. Shop Drawings:  Submit rough-in drawings.  Detail dimensions, rough-in 
requirements, required clearances, elevations, sections, and methods of assembly of 
components and anchorages. 


G. Wiring Diagrams:  Submit manufacturer's electrical requirements for electrical power 
supply wiring.  Submit manufacturer's ladder-type wiring diagrams for interlock and 
control wiring required for final installation.  Differentiate between portions of wiring 
that are factory installed and portions that are to be field installed. 


H. Operation and Maintenance Data:  Submit maintenance data and parts lists for each 
type and size of water heater, control, and accessory, including "trouble-shooting" 
maintenance guide.  Include this data, product data, shop drawings, and wiring 
diagrams in maintenance manual, in accordance with requirements of Division 01.  
Submit operational manuals. 


I. Certificates:  Submit appropriate Certificates of Shop Inspection and Data Report as 
required by provisions of ASME Boiler and Pressure Vessel Code. 


J. Start-up:  Provide written report on start-up in accordance with Section 220500. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged products - remove from project site. 
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1.7 COORDINATION 


A. Coordinate size and location of concrete bases and attachments with structural 
design.  Coordinate with Divisions 03 for specification of concrete, reinforcement and 
formwork requirements. 


1.8 WARRANTY 


A. Provide one year (12 months) warranty from date of Certificate of Occupancy.  The 
warranty shall include repair or replacements of components that fail in materials or 
workmanship within the warranty period and shall include parts, labor, travel costs, 
and living expenses to repair or replace products or systems. 


B. Tanks shall have a three-year (36 months) warranty against leaks.  The warranty 
shall include replacement parts, labor, travel costs, and living expenses to repair or 
replace products or systems. 


C. Condensing Water Heaters: The heat exchanger shall carry a minimum five years 
from shipment, non-prorated, limited warranty against any failure due to waterside 
corrosion, condensate corrosion, thermal stress, mechanical defects, or 
workmanship. 


PART 2 - PRODUCTS 


2.1 NATURAL GAS, HIGH EFFICIENCY CONDENSING, TANK TYPE WATER HEATER 


A. Water heater shall be fully condensing, minimum 95% thermal efficiency, with closed 
combustion venting.  Refer to schedule on drawings for sizing, capacities, recovery 
rate, power requirements and models. 


B. Water heater shall be of a seamless glass lined steel tank construction with 
sacrificial magnesium anode rods and include a powered natural gas burner with 
electronic flame safeguard, intermittent ignition, automatic gas valve, and gas 
pressure regulator.  Maximum supply gas pressure to heater 14" W.C.  Maximum 
operating pressure of 150 psig.  Bolted hand hole cleanout. 


C. Water heater shall be suitable for sealed combustion direct venting using a CPVC air 
intake pipe and CPVC exhaust pipe for a total distance of 50 equivalent feet of vent 
(minimum) and 50 equivalent feet of intake (minimum).  Termination may utilize a 
single opening manufactured concentric vent assembly.  The heater shall be 
approved for 2”, or less, clearances to combustibles. 


D. Water heater controls shall include integrated solid state temperature and direct 
spark ignition control device with integral diagnostics, LED fault display capability and 
a digital display of temperature settings. 


E. Tank shall be foam insulated and equipped with an ASME rated temperature and 
pressure relief valve.  The water heater shall be UL listed and exceed the minimum 
efficiency requirements of ASHRAE/IESNA 90.1. 


F. Set initial water heater temperature to 140°F (minimum). 
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G. Manufacturer:  A.O.Smith Cyclone BT Series, Bock OT Series, Bradford White EF 
Series or equal. 


2.2 DOMESTIC HOT WATER STORAGE TANK 


A. Factory jacketed and insulated domestic hot water storage tank designed for storing 
potable water and connected hot water sources such as instantaneous water 
heaters, heat pump water heaters, and solar thermal heat sources.  Refer to 
drawings for locations, sizes, capacities, connections and model numbers. 


B. Features: 
1. Storage section shall be constructed and stamped for 150 psi working 


pressure under Section VIII of the ASME Code.  Heavy gauge steel with 
powder coat paint. 


2. Tank shall be insulated and jacketed.  Insulation shall be minimum R-12.5 to 
meet requirements of U.S. Department of Energy and ASHRAE/IESNA 90.1. 


3. Tank liner shall be glass coated or ceramic porcelain to provide corrosion 
resistance. 


4. Cathodic protection with magnesium anodes. 
5. Hand hole cleanout for maintenance removal of accumulated lime and 


sediment. 
6. Temperature and pressure relief valve opening on top of tank. 
7. Temperature sensor wells located in the upper and lower portions of the tank 


to accommodate field supplied 1/4” round temperature sensors. 
8. Hot water and cold water connections shall be minimum 2” NPT. 
9. Bottom drain outlets shall be minimum 1” NPT with brass drain valve. 
10.   Sensor wells shall be in the top.. 


C. Manufacturers: A.O.Smith E-Tech #EJV Series, Niles Steel Tank JS Series, RECO, 
Adamson or equal. 


2.3 TEMPERATURE AND PRESSURE RELIEF VALVES 


A. Temperature and Pressure Relief Valve:  Lead free bronze body construction, 
thermostat and test lever, temperature relief set at 210⁰F, and pressure relief set at 


125 psi.  Certified to meet ASME low pressure heating boiler code and ANSI Z21.22. 


B. Manufacturers:  Watts #LF Series (100XL, 40, 140, N240, 340), Cash Acme #FVX 
Series or equal. 


2.4 VACUUM RELIEF VALVES 


A. Vacuum Relief Valve:  Provide on incoming cold water service where hot-water 
storage tank or indirect water heater is located at an elevation above the plumbing 
fixture outlets.  Lead free brass body construction, protective cap, 1/2” male NPT, 
maximum operating temperature 250°F.  Tested and rated to ANSI Z21.22. 


B. Manufacturers:  Watts #LFN36 Series, Cash Acme #VR-801, or equal. 
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2.5 THERMAL EXPANSION TANK 


A. Furnish and install one thermal expansion tank in each closed domestic hot water 
piping system as shown on drawings.  Size tank per hot water piping system volume 
and operating conditions.  Minimum three (3) gallon acceptance volume. 


B. Construction: 
1. Designed and constructed vessel per ASME Code Section VIII, Division 1. 
2. Tanks rated for maximum 150 psig working pressure. 
3. Steel tank with stainless steel connection and painted. 
4. Butyl diaphragm bonded to polypropylene liner.  Pre-charged air chamber to 


55 psig with Schrader air valve. 
5. Tank saddle support for wall or upper attachment support or ring base for 


floor attachment. 


C. Manufacturer: Amtrol Therm-X-Trol, Watts PLT, Adamson, RECO or equal. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Examine areas and conditions under which equipment is to be installed.  Do not 
proceed with work until unsatisfactory conditions have been corrected. 


B. Install equipment in accordance with manufacturer's installation instructions.  Install 
units plumb and level, firmly anchored in locations indicated, and maintain 
manufacturer's recommended clearances. 


C. Orient so controls and devices needing service and maintenance have adequate 
access. 


D. Connect water piping to units with shutoff valves and unions as required for 
maintenance and system isolation. 


E. Connect all drain outlets and route to approved termination locations as shown and 
as required by code. 


F. Start-Up:  Start-up, test, and adjust equipment in accordance with manufacturer's 
start-up instructions.  Check and calibrate controls.  Start-up to be by authorized 
manufacturer's representative or agent. 


3.2 WATER HEATER EXAMINATION 


A. Before water heater installation, examine roughing-in for concrete equipment bases, 
anchor-bolt sizes and locations.  Examine piping and electrical connections to verify 
actual locations, sizes and other conditions affecting water heater performance, 
maintenance and operations. 
1. Final water heater locations indicated on Drawings are approximate. 


Determine exact locations before roughing-in for piping and electrical 
connections. 


B. Examine mechanical spaces for suitable conditions where water heaters will be 
installed. 
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C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 WATER HEATER INSTALLATION 


A. Install water heaters level on concrete bases or walls.  Coordinate with Division 03 
for concrete materials and installation requirements. 


B. Provide seismic anchorage attachments on vertical tanks heaters with support points 
at upper 1/3 and lower 1/3. 


C. Install gas-fired water heaters in accordance with: 
1. Local, state, provincial, and national codes, laws, regulations, and 


ordinances. 
2. National Fuel Gas Code, ANSI Z223.1/NFPA 54 – 2012 edition. 
3. California Electrical Code, CEC - 2013 edition. 
4. Manufacturer’s installation instructions, including required service clearances 


and venting guidelines. 


D. Assemble and install water heater ASME Pressure/Temperature Relief Valve as 
required by local and State Code 


E. Install electrical devices furnished with water heater but not specified to be factory 
mounted. 


F. Install control wiring to field-mounted electrical devices. 


3.4 WATER HEATER CONNECTIONS 


A. Piping installation requirements are specified in other Division 23 sections.  Drawings 
indicate general arrangement of piping, fittings and specialties. 


B. Install piping adjacent to water heater to permit service and maintenance. 


C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be 
at least full size of connection and pitched for gravity flow.  Provide condensate 
neutralizer for condensing water heaters. 


D. Connect gas piping to water heater gas valve with unions.  Piping shall be at least full 
size of gas train connection.  Provide a reducer if required at final connection. 


E. Connect hot-water piping to supply and return water heater tappings with shutoff 
valve and union or flange at each connection. 


F. Multiple heaters shall be piped such that all cold water entering the system will go 
through the heat exchanger first.  Each water heater shall have individual isolation 
valves for servicing and a hot water hose connection for start-up and field testing. 


G. Install piping from safety pressure and temperature relief valves to nearest floor sink 
or to the exterior of the building. 


H. Install vacuum relief valve in incoming cold water pipe to water heaters where water 
heaters are located at an elevation above the fixture outlets in the hot water system. 
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I. Install flue venting and combustion air intake ducting. 


J. Connect venting full size to water heater connections.   


K. Ground equipment according to Division 26 Section - Grounding and Bonding for 
Electrical Systems. 


L. Connect wiring according to Division 26 Section - Low-Voltage Electrical Power 
Conductors and Cables. 


3.5 CONDENSATE NEUTRALIZER 


A. Route condensate from condensing style water heaters to floor sink through a 
manufactured condensate neutralizer. 


B. Manufacturer: JJM Boiler Works, Axiom Industries or equal. 


3.6 FIELD QUALITY CONTROL 


A. Perform tests and inspections and prepare test reports. 
1. Manufacturer’s Field Service: Engage a factory-authorized service 


representative to inspect components, assemblies and equipment 
installations, including connections, and to assist in testing. 


B. Tests and Inspections 
1. Installation and Startup Test: Perform installation and startup checks 


according to manufacturer's written instructions. 
2. Leak Test: Repair leaks and retest until no leaks exist. 
3. Operational Test: Start units to confirm proper motor rotation and unit 


operation.  Adjust air-fuel ratio and combustion, if necessary. 
4. Controls and Safeties: Test and adjust controls and safeties.  Replace 


damaged and malfunctioning controls and equipment. 
a. Check and adjust initial operating set points and high- and low-limit 


safety set points of fuel supply, water level and water temperature. 
b. Set field-adjustable switches and circuit-breaker trip ranges as 


indicated. 


C. Remove and replace malfunctioning units and retest as specified above. 


D. Occupancy Adjustments: When requested within 2 months of date of Substantial 
Completion, provide on-site assistance adjusting system to suit actual occupied 
conditions.  Provide up to two visits to Project during other than normal occupancy 
hours for this purpose. 


3.7 OPERATION MANUALS, START-UP SERVICE, WARRANTIES, ACCEPTANCE AND 
GUARANTEES 


A. General:  Refer to Section 220500 for requirements. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this section shall include but not necessarily be limited to the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 224000:  Plumbing Fixtures

		C. Section 235100:  Breechings, Chimneys and Stacks



		1.4 QUALITY ASSURANCE – WATER HEATERS

		A. Manufacturers and Representatives Qualifications.  Firms regularly engaged in manufacture of water heating equipment, systems and service shall have been active in the field and whose products have been in satisfactory use in similar service for not less than 5 years.

		B. Minimum Efficiency: Minimum efficiencies shall meet or exceed the values required by the local energy code.  Water heater shall include automatic temperature control for maintaining leaving water temperature setpoint.

		C. ASME Compliance:  Condensing water heaters must be constructed in accordance with ASME Water heater and Pressure Vessel Code, Section IV (HLW) Potable Water Heaters.

		D. ANSI Compliance:  Condensing water heaters must be tested for compliance with ANSI Z21.10.3 (2011) / CSA 4.3 Gas Water Heater. For use as a potable water heater, "American National Standard / CSA Standard for Gas Water Heaters."  Condensing water heaters shall be listed and labeled by a testing agency acceptable to authorities having jurisdiction. 



		1.5 SUBMITTALS

		A. Prior to construction submit for approval all materials and equipment in accordance with Division 01.  Submit manufacturer's data, colors, installation instructions, and maintenance and operating instructions for all components of this section including, but not limited to, the following:

		B. HVAC Work:  Coordinate with Division 23, Section 235100 for flue and vent requirements.

		C. Electrical Work:  Refer to Division 22, Section 220500 for requirements and coordinate with Division 26.

		D. Product Data:  Include performance data, operating characteristics, furnished specialties and accessories.

		E. Water Heater Pressure Drop Curve:  Submit pressure drop curve for flows ranging from 0 gpm to maximum value of water heater.

		F. Shop Drawings:  Submit rough�in drawings.  Detail dimensions, rough�in requirements, required clearances, elevations, sections, and methods of assembly of components and anchorages.

		G. Wiring Diagrams:  Submit manufacturer's electrical requirements for electrical power supply wiring.  Submit manufacturer's ladder-type wiring diagrams for interlock and control wiring required for final installation.  Differentiate between portions of wiring that are factory installed and portions that are to be field installed.

		H. Operation and Maintenance Data:  Submit maintenance data and parts lists for each type and size of water heater, control, and accessory, including "trouble-shooting" maintenance guide.  Include this data, product data, shop drawings, and wiring diagrams in maintenance manual, in accordance with requirements of Division 01.  Submit operational manuals.

		I. Certificates:  Submit appropriate Certificates of Shop Inspection and Data Report as required by provisions of ASME Boiler and Pressure Vessel Code.

		J. Start-up:  Provide written report on start-up in accordance with Section 220500.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver units to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged products - remove from project site.



		1.7 COORDINATION

		A. Coordinate size and location of concrete bases and attachments with structural design.  Coordinate with Divisions 03 for specification of concrete, reinforcement and formwork requirements.



		1.8 WARRANTY

		A. Provide one year (12 months) warranty from date of Certificate of Occupancy.  The warranty shall include repair or replacements of components that fail in materials or workmanship within the warranty period and shall include parts, labor, travel costs, and living expenses to repair or replace products or systems.

		B. Tanks shall have a three-year (36 months) warranty against leaks.  The warranty shall include replacement parts, labor, travel costs, and living expenses to repair or replace products or systems.

		C. Condensing Water Heaters: The heat exchanger shall carry a minimum five years from shipment, non-prorated, limited warranty against any failure due to waterside corrosion, condensate corrosion, thermal stress, mechanical defects, or workmanship.





		PART 2 - PRODUCTS

		2.1 NATURAL GAS, HIGH EFFICIENCY CONDENSING, TANK TYPE WATER HEATER

		A. Water heater shall be fully condensing, minimum 95% thermal efficiency, with closed combustion venting.  Refer to schedule on drawings for sizing, capacities, recovery rate, power requirements and models.

		B. Water heater shall be of a seamless glass lined steel tank construction with sacrificial magnesium anode rods and include a powered natural gas burner with electronic flame safeguard, intermittent ignition, automatic gas valve, and gas pressure regulator.  Maximum supply gas pressure to heater 14" W.C.  Maximum operating pressure of 150 psig.  Bolted hand hole cleanout.

		C. Water heater shall be suitable for sealed combustion direct venting using a CPVC air intake pipe and CPVC exhaust pipe for a total distance of 50 equivalent feet of vent (minimum) and 50 equivalent feet of intake (minimum).  Termination may utilize a single opening manufactured concentric vent assembly.  The heater shall be approved for 2”, or less, clearances to combustibles.

		D. Water heater controls shall include integrated solid state temperature and direct spark ignition control device with integral diagnostics, LED fault display capability and a digital display of temperature settings.

		E. Tank shall be foam insulated and equipped with an ASME rated temperature and pressure relief valve.  The water heater shall be UL listed and exceed the minimum efficiency requirements of ASHRAE/IESNA 90.1.

		F. Set initial water heater temperature to 140°F (minimum).

		G. Manufacturer:  A.O.Smith Cyclone BT Series, Bock OT Series, Bradford White EF Series or equal.



		2.2 DOMESTIC HOT WATER STORAGE TANK

		A. Factory jacketed and insulated domestic hot water storage tank designed for storing potable water and connected hot water sources such as instantaneous water heaters, heat pump water heaters, and solar thermal heat sources.  Refer to drawings for locations, sizes, capacities, connections and model numbers.

		B. Features:

		C. Manufacturers: A.O.Smith E-Tech #EJV Series, Niles Steel Tank JS Series, RECO, Adamson or equal.



		2.3 TEMPERATURE AND PRESSURE RELIEF VALVES

		A. Temperature and Pressure Relief Valve:  Lead free bronze body construction, thermostat and test lever, temperature relief set at 210⁰F, and pressure relief set at 125 psi.  Certified to meet ASME low pressure heating boiler code and ANSI Z21.22.

		B. Manufacturers:  Watts #LF Series (100XL, 40, 140, N240, 340), Cash Acme #FVX Series or equal.



		2.4 VACUUM RELIEF VALVES

		A. Vacuum Relief Valve:  Provide on incoming cold water service where hot-water storage tank or indirect water heater is located at an elevation above the plumbing fixture outlets.  Lead free brass body construction, protective cap, 1/2” male NPT, maximum operating temperature 250°F.  Tested and rated to ANSI Z21.22.

		B. Manufacturers:  Watts #LFN36 Series, Cash Acme #VR-801, or equal.



		2.5 THERMAL EXPANSION TANK

		A. Furnish and install one thermal expansion tank in each closed domestic hot water piping system as shown on drawings.  Size tank per hot water piping system volume and operating conditions.  Minimum three (3) gallon acceptance volume.

		B. Construction:

		C. Manufacturer: Amtrol Therm-X-Trol, Watts PLT, Adamson, RECO or equal.





		PART 3 - EXECUTION

		3.1 GENERAL

		A. Examine areas and conditions under which equipment is to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected.

		B. Install equipment in accordance with manufacturer's installation instructions.  Install units plumb and level, firmly anchored in locations indicated, and maintain manufacturer's recommended clearances.

		C. Orient so controls and devices needing service and maintenance have adequate access.

		D. Connect water piping to units with shutoff valves and unions as required for maintenance and system isolation.

		E. Connect all drain outlets and route to approved termination locations as shown and as required by code.

		F. Start-Up:  Start-up, test, and adjust equipment in accordance with manufacturer's start-up instructions.  Check and calibrate controls.  Start-up to be by authorized manufacturer's representative or agent.



		3.2 WATER HEATER EXAMINATION

		A. Before water heater installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations.  Examine piping and electrical connections to verify actual locations, sizes and other conditions affecting water heater performance, maintenance and operations.

		B. Examine mechanical spaces for suitable conditions where water heaters will be installed.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 WATER HEATER INSTALLATION

		A. Install water heaters level on concrete bases or walls.  Coordinate with Division 03 for concrete materials and installation requirements.

		B. Provide seismic anchorage attachments on vertical tanks heaters with support points at upper 1/3 and lower 1/3.

		C. Install gas-fired water heaters in accordance with:

		D. Assemble and install water heater ASME Pressure/Temperature Relief Valve as required by local and State Code

		E. Install electrical devices furnished with water heater but not specified to be factory mounted.

		F. Install control wiring to field-mounted electrical devices.



		3.4 WATER HEATER CONNECTIONS

		A. Piping installation requirements are specified in other Division 23 sections.  Drawings indicate general arrangement of piping, fittings and specialties.

		B. Install piping adjacent to water heater to permit service and maintenance.

		C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at least full size of connection and pitched for gravity flow.  Provide condensate neutralizer for condensing water heaters.

		D. Connect gas piping to water heater gas valve with unions.  Piping shall be at least full size of gas train connection.  Provide a reducer if required at final connection.

		E. Connect hot-water piping to supply and return water heater tappings with shutoff valve and union or flange at each connection.

		F. Multiple heaters shall be piped such that all cold water entering the system will go through the heat exchanger first.  Each water heater shall have individual isolation valves for servicing and a hot water hose connection for start-up and field testing.

		G. Install piping from safety pressure and temperature relief valves to nearest floor sink or to the exterior of the building.

		H. Install vacuum relief valve in incoming cold water pipe to water heaters where water heaters are located at an elevation above the fixture outlets in the hot water system.

		I. Install flue venting and combustion air intake ducting.

		J. Connect venting full size to water heater connections.  

		K. Ground equipment according to Division 26 Section - Grounding and Bonding for Electrical Systems.

		L. Connect wiring according to Division 26 Section - Low-Voltage Electrical Power Conductors and Cables.



		3.5 CONDENSATE NEUTRALIZER

		A. Route condensate from condensing style water heaters to floor sink through a manufactured condensate neutralizer.

		B. Manufacturer: JJM Boiler Works, Axiom Industries or equal.



		3.6 FIELD QUALITY CONTROL

		A. Perform tests and inspections and prepare test reports.

		B. Tests and Inspections

		C. Remove and replace malfunctioning units and retest as specified above.

		D. Occupancy Adjustments: When requested within 2 months of date of Substantial Completion, provide on-site assistance adjusting system to suit actual occupied conditions.  Provide up to two visits to Project during other than normal occupancy hours for this purpose.



		3.7 OPERATION MANUALS, START-UP SERVICE, WARRANTIES, ACCEPTANCE AND GUARANTEES

		A. General:  Refer to Section 220500 for requirements.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this section shall include, but not 
necessarily be limited to, the installation of plumbing fixtures and trim. 


1.3 RELATED WORK IN OTHER SECTIONS 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 223000:  Plumbing Equipment 


1.4 SUBMITTALS 


A. Prior to construction submit for approval all materials and equipment in accordance 
with Division 01.  Submit manufacturer's data, colors, installation instructions, and 
maintenance and operating instructions for all components of this section including, 
but not limited to, the following: 
1. Plumbing fixtures. 
2. Piping specialties. 
3. Toilets. 
4. Urinals. 
5. Lavatories. 
6. Sinks. 
7. Showers or tubs. 
8. Drinking fountains. 


B. Shop Drawings:  Submit rough-in drawings.  Detail dimensions, rough-in 
requirements, required clearances, and methods of assembly of components and 
anchorages.  Coordinate requirements with Architectural Woodwork shop drawings 
specified in Division 06 for fixtures installed in countertops and cabinets.  Furnish 
templates for use in woodwork shop. 


C. Samples: Submit samples of any piece of equipment requested by Architect for 
review and approval. 


D. Wiring Diagrams:  Submit manufacturer's electrical requirements and wiring 
diagrams for power supply to units.  Clearly differentiate between portions of wiring 
that are factory installed and field installed portions. 


1.5 CODES AND STANDARDS 


A. Uniform Plumbing Code (UPC) with State Amendments. 
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B. State Energy Code 


C. ARI Standard 1010: “Drinking Fountains and Self-Contained Mechanically 
Refrigerated Drinking Water Coolers.” 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged products.  Remove damaged products from project site. 


1.7 MAINTENANCE 


A. Extra Stock: 
1. Furnish special wrenches and other devices necessary for servicing 


plumbing fixtures, flush valves, and trim to Owner’s Representative with 
receipt in a quantity of one device for each 10 fixtures. 


2. Furnish faucet repair kits complete with all necessary washers, springs, pins, 
retainers, packings, o-rings, sleeves, and seats in a quantity of 1 kit for each 
10 faucets. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Provide fixtures as specified.  Fixtures in any secure or public areas shall be vandal 
proofed. 


B. Architect/Engineer shall review and approve any substitution requested by 
Contractor prior to bid submittal. 


C. Provide fixture as specified, acceptable manufacturers: 
1. Vitreous China or Cast Iron Fixtures:  American Standard, Eljer, Zurn or 


Kohler. 
2. Stainless Steel Sinks: Elkay or Just 


a. All stainless steel is 18 gauge, type 304 unless otherwise specified. 
3. Drinking Fountains: Elkay or Haws. 
4. Terrazzo Service Sinks: Florestone or Stern Williams. 


D. Provide faucet as specified.  Acceptable manufacturers: Chicago Faucets, Zurn, 
Symmons, T and S or as indicated. 


E. Provide thermostatic mixing valves and fixtures conforming to ASSE 1070, ASSE 
1069 and ASSE 1016.  Limit the maximum water temperature to 110°F for all public 
lavatories and 120°F for all other public fixtures served with hot water.  Handle 
position stops and temperature mixing valves shall be used as required to limit 
maximum temperature to prevent scalding.  Water heater thermostats shall not be 
considered a suitable control. 


F. Provide flush valve as specified.  Manufacturers: Sloan, Hydrotek or Zurn. 
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G. Provide commercial grade toilet seat as specified.  Manufacturers: Beneke, Bemis, 
Church or Olsonite. 


H. Provide heavy-duty cast iron commercial grade carrier as specified.  Provide 
compact carriers where space is limited.  Manufacturers: Jay R. Smith, Wade or 
Zurn.  No plastic parts on foundry items. 
1. Wall hung water closet with optional flush valve support where applicable:  


J.R. Smith Fig #0210 Series, #0240 Series, and #0410 Series. 
2. Wall hung urinal: J.R. Smith Fig #0634-M12 or Zurn #Z-1221-58. 
3. Wall hung lavatory with concealed arm carrier:  J.R. Smith Fig #0700–M31. 


I. Provide heavy duty commercial grade 17-gauge P-Trap and supplies with stops as 
specified.  Provide heavy duty commercial grade lavatory supplies.  Provide supplies 
meeting AB1953 no lead requirements.  Supplies shall be 1/2"x 3/8" x 12" ground 
joint flexible riser with loose key angle stop with chrome plates or compression.  Sink 
supplies shall be ½" x 12" ground joint flexible riser with loose-key angle stop with 
chrome plated IPS. Provide bell type escutcheons for both P-trap and supplies.  
Manufacturers: Zurn, Brasscraft, Chicago, McGuire or equal. 
1. P-trap - Lav:  McGuire C8902-DF or Zurn Z-8701. 
2. P-trap - Sink:  McGuire C8912-DF or ZurnZ-8702. 
3. Supply for Lavatory: McGuire LFH2165LK or Zurn ZH88-XL-LK. 
4. Offset supply for barrier free lavatory:  McGuire 158 WC. 
5. Supply for Sink: McGuire LFH2167LK or Zurn ZH8803-XL-LR. 
6. Supply for Water Closet: McGuire H2169LK or Zurn ZH-8807-CR. 
7. Escutcheons:  McGuire WE00D Series, wrought brass, bell type. 
8. Lavatory grid strainer: McGuire 155A or Zurn Z-8743. 
9. Barrier-free lavatory offset grid strainer: McGuire 155WC or Zurn 8746. 
10. Sink Strainer: Elkay LK-18B. 


J. Insulation: provide white molded closed cell vinyl pre-fab insulation on P-Trap and on 
both hot and cold water supply for barrier free lavatories and sinks.  Bag type 
insulators are not acceptable.  Manufacturers: Plumberex, True-Bro, Zurn or equal. 


2.2 LISTING 


A. Refer to Owner’s Project Requirements for specific fixture manufacturers, model 
numbers and selection criteria. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Verify all dimensions by field measurements.  Verify that all plumbing fixtures may be 
installed in accordance with pertinent codes and regulations, the original design, and 
the referenced standards. 


B. Examine rough-in for potable water and waste piping systems to verify actual 
locations of piping connections prior to installing fixtures. 


C. Examine walls, floors and cabinets for suitable conditions where fixtures are to be 
installed. 
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D. Install plumbing fixtures level and plumb, in accordance with fixture manufacturer's 
written instructions, rough-in drawings, and pertinent codes and regulations, the 
original design, and the referenced standards. 


E. Comply with the installation requirements of ADA with respect to plumbing fixtures 
for the physically handicapped. 


F. Fasten plumbing fixtures securely to supports or building structure.  Secure supplies 
behind or within wall construction to provide rigid installation. 


G. Install a stop valve in an accessible location in the water connection to each fixture. 


H. Install escutcheons at each wall, floor, and ceiling penetration in exposed finished 
locations and within cabinets and millwork. 


I. Seal fixtures to walls and floors using white dap. 


J. Install P-Trap tight to outlets from lavatories and shower drains to minimize the 
vertical water drop and related drainage noise.  Test fixtures to demonstrate proper 
operation upon completion of installation and after units are water pressurized.  
Replace malfunctioning units, then retest. 


K. Inspect each installed unit for damage.  Replace damaged fixtures. 


L. Adjust water pressure at drinking fountains, faucets, shower valves, and flush valves 
to provide proper flow stream. 


M. Replace washers or cartridges of leaking or dripping faucets and stops. 


N. Clean fixtures, trim, and strainers using manufacturer's recommended cleaning 
methods and materials. 


O. During construction cover all installed fixtures, sinks, and water coolers with 
cardboard. 


P. Provide flush valve and faucet support behind wall. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this section shall include, but not necessarily be limited to, the installation of plumbing fixtures and trim.



		1.3 RELATED WORK IN OTHER SECTIONS

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 223000:  Plumbing Equipment



		1.4 SUBMITTALS

		A. Prior to construction submit for approval all materials and equipment in accordance with Division 01.  Submit manufacturer's data, colors, installation instructions, and maintenance and operating instructions for all components of this section including, but not limited to, the following:

		B. Shop Drawings:  Submit rough�in drawings.  Detail dimensions, rough�in requirements, required clearances, and methods of assembly of components and anchorages.  Coordinate requirements with Architectural Woodwork shop drawings specified in Division 06 for fixtures installed in countertops and cabinets.  Furnish templates for use in woodwork shop.

		C. Samples: Submit samples of any piece of equipment requested by Architect for review and approval.

		D. Wiring Diagrams:  Submit manufacturer's electrical requirements and wiring diagrams for power supply to units.  Clearly differentiate between portions of wiring that are factory installed and field installed portions.



		1.5 CODES AND STANDARDS

		A. Uniform Plumbing Code (UPC) with State Amendments.

		B. State Energy Code

		C. ARI Standard 1010: “Drinking Fountains and Self-Contained Mechanically Refrigerated Drinking Water Coolers.”



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver units to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged products.  Remove damaged products from project site.



		1.7 MAINTENANCE

		A. Extra Stock:





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Provide fixtures as specified.  Fixtures in any secure or public areas shall be vandal proofed.

		B. Architect/Engineer shall review and approve any substitution requested by Contractor prior to bid submittal.

		C. Provide fixture as specified, acceptable manufacturers:

		D. Provide faucet as specified.  Acceptable manufacturers: Chicago Faucets, Zurn, Symmons, T and S or as indicated.

		E. Provide thermostatic mixing valves and fixtures conforming to ASSE 1070, ASSE 1069 and ASSE 1016.  Limit the maximum water temperature to 110°F for all public lavatories and 120°F for all other public fixtures served with hot water.  Handle position stops and temperature mixing valves shall be used as required to limit maximum temperature to prevent scalding.  Water heater thermostats shall not be considered a suitable control.

		F. Provide flush valve as specified.  Manufacturers: Sloan, Hydrotek or Zurn.

		G. Provide commercial grade toilet seat as specified.  Manufacturers: Beneke, Bemis, Church or Olsonite.

		H. Provide heavy-duty cast iron commercial grade carrier as specified.  Provide compact carriers where space is limited.  Manufacturers: Jay R. Smith, Wade or Zurn.  No plastic parts on foundry items.

		I. Provide heavy duty commercial grade 17-gauge P-Trap and supplies with stops as specified.  Provide heavy duty commercial grade lavatory supplies.  Provide supplies meeting AB1953 no lead requirements.  Supplies shall be 1/2"x 3/8" x 12" ground joint flexible riser with loose key angle stop with chrome plates or compression.  Sink supplies shall be ½" x 12" ground joint flexible riser with loose-key angle stop with chrome plated IPS. Provide bell type escutcheons for both P-trap and supplies.  Manufacturers: Zurn, Brasscraft, Chicago, McGuire or equal.

		J. Insulation: provide white molded closed cell vinyl pre-fab insulation on P-Trap and on both hot and cold water supply for barrier free lavatories and sinks.  Bag type insulators are not acceptable.  Manufacturers: Plumberex, True-Bro, Zurn or equal.



		2.2 LISTING

		A. Refer to Owner’s Project Requirements for specific fixture manufacturers, model numbers and selection criteria.





		PART 3 - EXECUTION

		3.1 GENERAL

		A. Verify all dimensions by field measurements.  Verify that all plumbing fixtures may be installed in accordance with pertinent codes and regulations, the original design, and the referenced standards.

		B. Examine rough�in for potable water and waste piping systems to verify actual locations of piping connections prior to installing fixtures.

		C. Examine walls, floors and cabinets for suitable conditions where fixtures are to be installed.

		D. Install plumbing fixtures level and plumb, in accordance with fixture manufacturer's written instructions, rough�in drawings, and pertinent codes and regulations, the original design, and the referenced standards.

		E. Comply with the installation requirements of ADA with respect to plumbing fixtures for the physically handicapped.

		F. Fasten plumbing fixtures securely to supports or building structure.  Secure supplies behind or within wall construction to provide rigid installation.

		G. Install a stop valve in an accessible location in the water connection to each fixture.

		H. Install escutcheons at each wall, floor, and ceiling penetration in exposed finished locations and within cabinets and millwork.

		I. Seal fixtures to walls and floors using white dap.

		J. Install P-Trap tight to outlets from lavatories and shower drains to minimize the vertical water drop and related drainage noise.  Test fixtures to demonstrate proper operation upon completion of installation and after units are water pressurized.  Replace malfunctioning units, then retest.

		K. Inspect each installed unit for damage.  Replace damaged fixtures.

		L. Adjust water pressure at drinking fountains, faucets, shower valves, and flush valves to provide proper flow stream.

		M. Replace washers or cartridges of leaking or dripping faucets and stops.

		N. Clean fixtures, trim, and strainers using manufacturer's recommended cleaning methods and materials.

		O. During construction cover all installed fixtures, sinks, and water coolers with cardboard.

		P. Provide flush valve and faucet support behind wall.
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1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Emergency showers. 
2. Eyewash equipment. 
3. Eye/face wash equipment. 
4. Combination units. 
5. Supplemental equipment. 


1.3 DEFINITIONS 


A. Accessible Fixture: Emergency plumbing fixture that can be approached, entered, and used by 
people with disabilities. 


B. Plumbed Emergency Plumbing Fixture: Fixture with fixed, potable-water supply. 


C. Self-Contained Emergency Plumbing Fixture: Fixture with flushing-fluid-solution supply. 


D. Tepid: Between 60°F and 100°F. 


1.4 ACTION SUBMITTALS 


A. Product Data: For each type of product indicated. Include flow rates and capacities, furnished 
specialties, and accessories. 


1.5 INFORMATIONAL SUBMITTALS 


A. Product Certificates: Submit certificates of performance testing specified in "Source Quality 
Control" Article. 


B. Field quality-control test reports. 


1.6 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For emergency plumbing fixtures to include in operation and 
maintenance manuals. 


1.7 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with protective cov-
ering for storage and identified with labels describing contents. 


1. Flushing-Fluid Solution: Separate lot and equal to at least [200] <Insert number> per-
cent of amount of solution installed for each self-contained unit. 
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1.8 QUALITY ASSURANCE 


A. ANSI Standard: Comply with ANSI Z358.1, "Emergency Eyewash and Shower Equipment." 


B. NSF Standard: Comply with NSF 61 Annex G, "Drinking Water System Components - Health 
Effects," for fixture materials that will be in contact with potable water. 


C. Regulatory Requirements: Comply with requirements in ICC/ANSI A117.1, "Accessible and Us-
able Buildings and Facilities "Americans with Disabilities Act" for plumbing fixtures for peo-
ple with disabilities. 


PART 2 - PRODUCTS 


2.1 EYEWASH EQUIPMENT 


Sink, Swivel-Type, Plumbed Eyewash Unit: 
1. Guardian G1806 or equal or equal. 
2. Capacity: Not less than 0.4 gpm for at least 15 minutes. 
3. Supply Piping: NPS 1/chrome-plated brass or stainless steel with flow regulator and stay-


open control valve. 
4. Control-Valve Actuator: Movement of spray-head assembly to position over sink or pad-


dle actuator with stay open valve. 
5. Spray-Head Assembly: Two spray heads with offset piping. 
6. Mounting: Deck next to sink. 


B. Accessible, Plumbed Emergency Shower with Eye/Face Wash Combination Units, See Editing 
Instruction No. 1 in the Evaluations for cautions about naming manufacturers. Retain one of 
first two subparagraphs and list of manufacturers below. Guardian model GBF-2100. 


1. Piping: 
a. Material: stainless steel. 
b. Unit Supply: NPS 1-1/4 minimum. 
c. Unit Drain: Outlet at back or side near bottom. 


2. Shower: 
a. Capacity: Not less than 20 gpm for at least 15 minutes. 
b. Supply Piping: NPS 1 (DN 25) with flow regulator and stay-open control valve. 
c. Control-Valve Actuator: Wall pull rod 
d. Shower Head: 10-inch-minimum diameter, stainless steel. 
e. Mounting: Ceiling. 


3. Eye/Face Wash Unit: with flow regulator and stay-open control valve. 
a. Control-Valve Actuator: Pull down. 
b. Spray-Head Assembly: Two or four receptor-mounted spray heads. 
c. Receptor: Stainless-steel pan. 
d. Mounting: Wall. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine roughing-in for water and waste piping systems to verify actual locations of piping 
connections before plumbed emergency plumbing fixture installation. 
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B. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 EMERGENCY PLUMBING FIXTURE INSTALLATION 


A. Assemble emergency plumbing fixture piping, fittings, control valves, and other components. 


B. Install fixtures level and plumb. 


C. Fasten fixtures to substrate. 


D. Install shutoff valves in water-supply piping to fixtures. Use ball or gate valve if specific type 
valve is not indicated. Install valves chained or locked in open position if permitted. Install 
valves in locations where they can easily be reached for operation. Comply with requirements 
for valves specified in other section. 
1. Exception: Omit shutoff valve on supply to emergency equipment if prohibited by authori-


ties having jurisdiction. 


E. Install dielectric fitting in supply piping to emergency equipment if piping and equipment connec-
tions are made of different metals. Comply with requirements for dielectric fittings specified in 
other sections. 


F. Install escutcheons on piping wall and ceiling penetrations in exposed, finished locations. Com-
ply with requirements for escutcheons specified in other sections. 


3.3 CONNECTIONS 


A. Connect cold-water-supply piping to plumbed emergency plumbing fixtures not having water-   
tempering equipment. Comply with requirements for cold-water piping specified in other sec-
tions. 


B. Directly connect emergency plumbing fixture receptors with trapped drain outlet to sanitary 
waste and vent piping. Comply with requirements for waste piping specified in other sections. 


C. Where installing piping adjacent to emergency plumbing fixtures, allow space for service and 
maintenance of fixtures. 


3.4 IDENTIFICATION 


A. Install equipment nameplates or equipment markers on emergency plumbing fixtures and 
equipment and equipment signs on water-tempering equipment. Comply with requirements for 
identification materials specified in other sections. 


3.5 FIELD QUALITY CONTROL 


A. Mechanical-Component Testing: After plumbing connections have been made, test for com-
plance with requirements. Verify ability to achieve indicated capacities. 


B. Tests and Inspections: 
1. Perform each visual and mechanical inspection. 
2. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no 
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leaks exist. 
3. Operational Test: Start units to confirm proper unit operation. 
4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and   


equipment. 


C. Emergency plumbing fixtures will be considered defective if they do not pass tests and inspec-
tions. 


D. Prepare test and inspection reports. 


3.6 ADJUSTING 


A. Adjust or replace fixture flow regulators for proper flow. 


B. Adjust equipment temperature settings. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other 
Sections in Division 22 specified herein. 


1.2 SCOPE 


A. Work includes, but is not necessarily limited to, the following: 
1. Liquid-ring vacuum pump system 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods. 


1.4 REFERENCE STANDARDS 


A. American National Standards Institute (ANSI) 
1. CEC California Electrical Code 
2. ANSI/NFPA 99C Gas and Vacuum Systems 
3. ANSI/NFPA 101 Life Safety Code 


B. American Society of Mechanical Engineers (ASME):  Boiler and Pressure Vessel 
Code 


C. American Society for Testing and Materials (ASTM) 
1. ASTM B32 Standard Specification for Solder Metal 
2. ASTM B819 Standard Specification for Seamless Copper Tube for Medical 


Gas Systems 
3. ASTM B88 Standard Specification for Seamless Copper Water Tube 
4. ASTM B828 Standard Practice for Making Capillary Joints by Soldering 


Copper and Copper Alloy Tube and Fittings 


D. American Welding Society (AWS): 
1. A5.8 Specification for Filler Metals for Brazing 
2. B2.2 Standard for Brazing Procedure and Performance Qualifications 


E. The Copper Development Association (CDA) Publication:  Copper Tube Handbook. 


F. Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS): 
1. SP-58 Pipe Hangers and Supports - Materials and Design, 1997 edition 
2. SP-69 Pipe Hangers and Supports - Selection and Application, 1997 edition 


1.5 SUBMITTALS 


A. Prior to construction, submit for approval all materials and equipment in accordance 
with Division 01 requirements.   
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B. Product Data:  Submit manufacturer's standard technical product data indicating 
conformance to the stipulated reference specifications, construction materials, 
construction details, and test and operating pressures.  Submit manufacturer's 
product data on the following: 
1. Liquid-ring vacuum pump  


C. Shop Drawings:  Provide piping layout drawings, drawn to a scale of not less than 
3/8" to one foot showing the proposed layout of piping systems including valves, 
fittings, equipment, pumps, hangers, grading, high points, low points, drain points, 
anchors, and expansion devices. 


D. Standards Compliance:  Provide test reports and documentation. 


1.6 WARRANTY 


A. Provide 10-year unconditional replacement warranty on vacuum pump system, 5-
year unconditional replacement on all other items listed in this Section. 


PART 2 - PRODUCTS 


2.1 LIQUID-RING VACUUM PUMP SYSTEM 


A. Description: Packaged unit, factory assemblies, with all piping, valves, controls and 
electrical wiring as required for a complete and operational system. 


B. Vacuum Pump(s): Nonpulsating, rotary, liquid-ring type. 
1. Construction: Cast Iron body and rotor. 
2. Coupling: Nonlubricated, flexible type. 
3. Sealing Fluid: Potable water with up to 90 percent recirculation. 


C. Receiver: ASME construction steel tank with vacuum relief valve. 


D. Outlet silencers and water-vapor separators on discharge connections. 


E. Characteristics: 
1. Vacuum Service: Nonmedical laboratory vacuum. 
2. Vacuum Pumps: Two. 
3. Mounting: Freestanding or tank mounted. 


F. Receiver: 
1. Orientation: Horizontal or vertical arrangement. 
2. Capacity: Minimum 120 gallons. 
3. Pressure Rating: 100 psig minimum. 
4. Interior Finish: Epoxy coating. 
5. Drain: Automatic valve. 


G. Manufacturer: BeaconMedaes, Gardner Denver Nash, Medical Air Pumps, Busch, 
Squires Cogswell, or equal. 
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PART 3 - EXECUTION 


3.1 PERFORMANCE OF WORK 


A. Examine areas and conditions under which materials are to be installed.  Lay out the 
system to suit the different types of construction and equipment as indicated on the 
drawings and in accordance with the aforementioned codes and standards. 


B. Coordinate with other trades as necessary to properly interface components of the 
plumbing system. 


3.2 VACUUM SYSTEM TESTING 


A. Blowing Out:  Before installation of vacuum pumps, alarm switches and outlet valves, 
blow out lines clear with clean, oil-free air or oil-free nitrogen. 


B. Leak Tests:  After installation of outlet valves, but before installing vacuum pumps 
and alarm switches, pressurize each section of each system with oil-free dry nitrogen 
to 25 psi and test with soap solution.  Repair all leaks and retest. 


C. Cleaning:  Carefully wipe off soapsuds and seal openings against contamination until 
tanks or equipment are connected. 


D. Final Pressure Tests:  Pressurize system with oil-free dry nitrogen to 25 psi for 24 
hours.  No pressure drop, except due to temperature change, will be accepted.  
Allow for ambient temperature change in accordance with the relationship PF - 14.7 
= (P1 + 14.7) (T2 + 460) / (T1 + 460), in which T and P represent Fahrenheit 
temperature and gauge pressure, respectively, and PF is the calculated final 
pressure.  If PF exceeds the measured final pressure, retest each section 
individually, and apply a soap solution to all joints of each section in which a 
reduction in pressure occurs after allowing for ambient temperature change.  Repair 
leaking joints and repeat test until no reduction in pressure occurs.  Use a test gauge 
calibrated in one psi increments and readable to 1/2 psi in performing the tests. 


E. Vacuum Tests:  After the installation of alarm switches, evacuate each system to 17 
inches Hg, or to the indicated inches Hg. for oral evacuation system, and test each 
outlet's pressure (vacuum) with a test gauge calibrated in one inch Hg. increments 
and readable to 1/2 inch Hg. 


3.3 ALARM, SWITCHOVER, PRESSURE SWITCH, AND EQUIPMENT TESTS 


A. Operationally test alarm controls, alarms, switchovers, pressure switches and 
equipment, submit test reports. 


3.4 OPERATION MANUALS, START-UP SERVICE, WARRANTIES, ACCEPTANCE AND 
GUARANTEES 


A. Provide in accordance with Division 01 and Section 220500. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SCOPE

		A. Work includes, but is not necessarily limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods.



		1.4 REFERENCE STANDARDS

		A. American National Standards Institute (ANSI)

		B. American Society of Mechanical Engineers (ASME):  Boiler and Pressure Vessel Code

		C. American Society for Testing and Materials (ASTM)

		D. American Welding Society (AWS):

		E. The Copper Development Association (CDA) Publication:  Copper Tube Handbook.

		F. Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS):



		1.5 SUBMITTALS

		A. Prior to construction, submit for approval all materials and equipment in accordance with Division 01 requirements.  

		B. Product Data:  Submit manufacturer's standard technical product data indicating conformance to the stipulated reference specifications, construction materials, construction details, and test and operating pressures.  Submit manufacturer's product data on the following:

		C. Shop Drawings:  Provide piping layout drawings, drawn to a scale of not less than 3/8" to one foot showing the proposed layout of piping systems including valves, fittings, equipment, pumps, hangers, grading, high points, low points, drain points, anchors, and expansion devices.

		D. Standards Compliance:  Provide test reports and documentation.



		1.6 WARRANTY

		A. Provide 10-year unconditional replacement warranty on vacuum pump system, 5-year unconditional replacement on all other items listed in this Section.





		PART 2 - PRODUCTS

		2.1 LIQUID-RING VACUUM PUMP SYSTEM

		A. Description: Packaged unit, factory assemblies, with all piping, valves, controls and electrical wiring as required for a complete and operational system.

		B. Vacuum Pump(s): Nonpulsating, rotary, liquid-ring type.

		C. Receiver: ASME construction steel tank with vacuum relief valve.

		D. Outlet silencers and water-vapor separators on discharge connections.

		E. Characteristics:

		F. Receiver:

		G. Manufacturer: BeaconMedaes, Gardner Denver Nash, Medical Air Pumps, Busch, Squires Cogswell, or equal.





		PART 3 - EXECUTION

		3.1 PERFORMANCE OF WORK

		A. Examine areas and conditions under which materials are to be installed.  Lay out the system to suit the different types of construction and equipment as indicated on the drawings and in accordance with the aforementioned codes and standards.

		B. Coordinate with other trades as necessary to properly interface components of the plumbing system.



		3.2 VACUUM SYSTEM TESTING

		A. Blowing Out:  Before installation of vacuum pumps, alarm switches and outlet valves, blow out lines clear with clean, oil-free air or oil-free nitrogen.

		B. Leak Tests:  After installation of outlet valves, but before installing vacuum pumps and alarm switches, pressurize each section of each system with oil-free dry nitrogen to 25 psi and test with soap solution.  Repair all leaks and retest.

		C. Cleaning:  Carefully wipe off soapsuds and seal openings against contamination until tanks or equipment are connected.

		D. Final Pressure Tests:  Pressurize system with oil-free dry nitrogen to 25 psi for 24 hours.  No pressure drop, except due to temperature change, will be accepted.  Allow for ambient temperature change in accordance with the relationship PF - 14.7 = (P1 + 14.7) (T2 + 460) / (T1 + 460), in which T and P represent Fahrenheit temperature and gauge pressure, respectively, and PF is the calculated final pressure.  If PF exceeds the measured final pressure, retest each section individually, and apply a soap solution to all joints of each section in which a reduction in pressure occurs after allowing for ambient temperature change.  Repair leaking joints and repeat test until no reduction in pressure occurs.  Use a test gauge calibrated in one psi increments and readable to 1/2 psi in performing the tests.

		E. Vacuum Tests:  After the installation of alarm switches, evacuate each system to 17 inches Hg, or to the indicated inches Hg. for oral evacuation system, and test each outlet's pressure (vacuum) with a test gauge calibrated in one inch Hg. increments and readable to 1/2 inch Hg.



		3.3 ALARM, SWITCHOVER, PRESSURE SWITCH, AND EQUIPMENT TESTS

		A. Operationally test alarm controls, alarms, switchovers, pressure switches and equipment, submit test reports.



		3.4 OPERATION MANUALS, START-UP SERVICE, WARRANTIES, ACCEPTANCE AND GUARANTEES

		A. Provide in accordance with Division 01 and Section 220500.
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PART 1 - GENERAL 


1.1 PURPOSE 


A. The owner is pursuing a LEED v3/2009 Gold certification for the project. 


B. The purpose of this Section is to define the LEED design and documentation submittal 
requirements the Design-Build contractor is responsible for and must include in his work.  
Reduction in scope of work or reduction in specified equipment efficiency will not be 
allowed for this project. 


C. LEED documentation and calculations will be required for the prerequisites and credits as 
listed in this Section.  The contractors involved in performing work for this Section shall 
provide documentation where necessary to assist the Design Professionals in completing 
all documentation to obtain LEED certification.  The Design Professionals will be 
responsible for final documentation submittal, along with the other discipline design 
professionals, to USGBC.  Contractor may obtain further program documentation by 
visiting www.usgbc.com. 


D. Contractor(s) shall demonstrate and provide systems and functions that meet or exceed 
the requirements of the LEED certification process listed herein and in all other Division 
22 Plumbing sections and the construction drawings. 


1.2 APPLICABLE REQUIREMENTS 


A. All work under this Section shall comply with the requirements of General Conditions, 
Supplemental Conditions, Special Conditions and Division 01, “General Requirements” 
and shall include all Plumbing Sections specified herein. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. All Division 22 Plumbing sections included herein. 


1.4 APPLICABLE STANDARDS OR GUIDELINES 


A. Provide in accordance with requirements of the United States Green Building Council 
(USGBC) for the following: 
1. LEED Version 3/2009 Building Design + Construction Reference Guide as 


published by the USGBC. 
2. LEED Green Building Rating System for Existing Buildings as published by the 


USGBC. 
3. LEED for Commercial Interiors Rating System as published by the USGBC. 


1.5 DESIGN SUBMITTALS 


A. Contractor shall submit LEED documentation and calculations as required as a project 
team member. 
1. The Design-Builder must coordinate with the project LEED Manager who will be 


responsible for all aspects of the LEED process. 



http://www.usgbc.com/





SAN DIEGO STATE UNIVERSITY SECTION 220203 
EIS COMPLEX PLUMBING DESIGN BUILD 
CLARK CONSTRUCTION / AC MARTIN PARTNERS, INC.  REQUIREMENTS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220203 - 2 McParlane & Associates 


2. The Design-Builder must designate an on-site field staff person to assist the 
LEED Manager and be the contact for all LEED prerequisites and credit 
documentation, subcontractor supervision and submittal coordination and to 
manage the Design-Builder’s portions of the LEED-Online submittal process. 


3. Documentation for LEED prerequisites and credit must be submitted in the 
format required by the USGBC for review using LEED-Online. Including all 
required credit audit documentation, completion of LEED calculators, and LEED 
credit templates.  


4. Additional information on LEED and how to purchase copies of the LEED 
v3/2009 reference guides and how to use LEED-Online can be found at 
www.usgbc.org and https://LEEDonline.usgbc.org 


1.6 QUALITY ASSURANCE (QA) 


A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for 
compliance and coordination of responsibilities contained in this specification section. 
1. QA Responsibilities: 


a. Review Criteria Documents carefully for LEED 
b. Coordinate work of trades, subcontractors, and suppliers relating to 


LEED-related issues. 
c. Instruct workers relating to LEED-related issues. 
d. Oversee Design-Build LEED-related issues. 
e. Coordinate with Commissioning Authority on all Commissioning related 


activities and requirements. 
2. QA in Job Progress Meetings: 


a. All regularly scheduled job progress meetings will contain a heading for 
Environmental Procedures and LEED. 


b. All regularly scheduled job meetings will contain a heading for 
Commissioning Items on the Agenda. 


c. Environmental Procedures and Commissioning will be presented at the 
following meetings: 
1) Pre-construction meeting. 
2) Pre-installation meetings. 
3) Special sustainability issues meetings. 
4) Commissioning Scoping Meeting. 


B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must 
coordinate with the LEED Manager to schedule and conduct a meeting with the Owner 
and discipline designers to discuss the Design Builder's Proposed Environmental 
Procedure Compliance Plan(s). 


1.7 LEED CERTIFICATION MEETINGS 


A. Design-Builder will conduct LEED Certification meetings as required with his sub-
consultants and subcontractors, in addition to those meetings outlined in Agreement.  
Meetings must be attended by the following personnel: 
1. Design-Builder’s Project Manager  
2. Owner 
3. Design-Builder’s LEED professional staff persons 
4. Sub-consultant representatives as appropriate to stage of work 
5. Subcontractor representatives as appropriate to stage of work 



https://leedonline.usgbc.org/
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B. At a minimum, LEED certification goals and issues will be discussed at the following 
meetings: 
1. Preconstruction Meetings 
2. Progress Meetings 
3. Subcontractor Meetings 
4. Monthly Design-Build LEED Meetings.  Meetings should be scheduled as a part 


of regularly scheduled job meetings on site. 


1.8 LEED COMPLIANCE 


A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a LEED 
Compliance Plan for determining compliance of proposed design with certification as 
defined by the LEED program. The Plan will include a LEED Credit matrix and a 
discussion accompanying and/or associated with each and every intended/selected credit 
point describing how the design will comply with that specific credit requirement.  These 
in turn will be correlated to a timeline that will adequately illustrate: 
1. The definition and applied requirement of each credit in the design and/or 


construction. 
2. The implementation of that credit into the actual work. 
3. The expected compilation of the required credit submittal documents for each 


goal. 
4. The date of submission of all the required documentation to the US Green 


Building Council. 
5. The expected time period for corrections and resubmissions. 
6. The final approval for LEED Certification. 


B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the 
specification sections, submit the following: 
1. All proposed substitution requests that may affect meeting requirements of this 


Section and the LEED certification program. 
2. All LEED Submittals necessary for the certification process and in accordance 


with the LEED Compliance Plan. 


C. This specification section is intended to supplement and not supersede the requirements 
of other sections of the specifications and drawings. 


1.9 SUBMITTALS 


A. Submit additional LEED submittal requirements included in other Sections of the 
Specifications. 


B. Design-Builder must submit and receive approval from the USGBC on enough credits as 
required to achieve the required LEED Project Certification rating. 


C. LEED submittals must be prepared and submitted using the LEED-Online Credit web 
based application and minimum system requirements. 
1. The Design-Builder is responsible for obtaining Project access to LEED-Online 


and joining the Project. 
2. Once the Design-Builder has joined the Project through LEED-Online, the LEED 


Consultant will assign the LEED credits that the Design-Builder is responsible for 
completing. 
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D. LEED submittals are in addition to other submittals.  If submitted item is identical to that 
submitted to comply with other requirements, submit duplicate copies as a separate 
submittal to verify compliance with indicated LEED requirements. 


E. Design-Build Materials Cost Data: 
1. Specific Material cost data for individual components and materials (not including 


labor) will be required to be provided as part of some LEED pre-requisite and 
credit requirements submittals. 


2. Consistent numbers must be applied to various LEED credits submittals requiring 
similar material cost data. 


F. Complete required LEED -Online Credit Templates declaring that all LEED credit 
requirements have been met.  


G. With submittals provide the following:  
1. Submittals for review with Basis of Design. 


a. LEED matrix identifying both the design and construction credits selected 
to achieve the LEED certification.  


b. Identify key players who are responsible for designing, implementing and 
documenting each LEED credit.  


c. Describe, through narrative, the approach that is taken to achieve each 
LEED credit.  Include a schedule for task completion that corresponds 
with the overall Construction Schedule. 


d. Provide new performance criteria and concept drawings for any items 
required to achieve the LEED Certification which are not included in the 
Contract Documents. 


2. Submittals for review during Construction Documents Phase. 
a. Update the LEED matrix identifying the credits and points selected to 


achieve at a minimum, the required LEED certification. 
3. Submittals for review during Construction Phase. 


a. Update the LEED matrix identifying the credits and points selected to 
achieve at a minimum, the required LEED certification.  


b. Draft copies of the Construction Submittal Credit Templates (refer to 
LEED Design submittal requirements) and required LEED 
documentation. 


4. Submittals for review at time of Closeout.  
a. Final the LEED matrix identifying the credits and points selected to 


achieve at a minimum, the required LEED certification.  
b. Final copies of the Construction Submittal Credit Templates (refer to 


LEED Design submittal requirements) and required LEED 
documentation. 


c. LEED Certification documentation from USGBC. 
5. All approved Substitution Request Forms related to this Section.  


1.10 SPECIAL PRODUCTS AND SUBSITUTIONS  


A. Notify the Owner’s Representative when Design-Builder wishes to substitute materials, 
equipment, or products that meet the aesthetic and programmatic intent of the 
Construction Documents and offer equivalent or increased environmental sensitivity to 
materials, equipment, or products specified to meet LEED requirements as indicated in 
the Construction Documents. 


B. Substitutions that may affect LEED certification must be clearly stated as such.  
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C. Comply with the requirements of Division 1 as follows:  
1. Prior to submitting detailed information submit the following for initial review by 


the LEED Manager. 
a. Product data including manufactures names, address, and phone 


number.  
b. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
c. Description of the differences of the proposed substitution from specified 


product related to LEED requirements.  Include description of 
environmental advantages of proposed substitution over specified 
product.  


d. The Design-Builder is responsible for re-submittal of all calculations, and 
documentation of products or material substitutions that affect LEED 
prerequisites and applies to any credits previously submitted as part of 
the LEED Design Application Submittal and all credits included in the 
LEED Construction Submittal.  Products that do not meet these 
requirements should not be submitted for substitution. 


e. Substitutions of materials and products specified as part of the 
Agreement Documents in the following areas (but not necessarily limited 
to these items) will require review and potential re-submittal of LEED 
Design Application Pre-requisites and Credits: 
1) Plumbing fixtures and controls 


f. Substituted products must not be ordered or installed without written 
acceptance by the Owner. 


2. Requests for Substitutions  
a. Submit a separate request for each LEED related product substitution. 
b. Identify product Specification Section and LEED credit or credits, if 


applicable. 
c. List similar projects using product, dates of installation, and names of 


builders and owners. 
d. Give itemized comparison of proposed substitution with specified 


product, listing variations, and reference Specification Section and Article 
number. 


e. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
f. Give cost data comparing proposed substitution with specified product 


and amount of net change to Agreement Sum.  The cost data should be 
based on life cycle analysis for each affected product including annual 
energy consumption and maintenance costs. 


g. Identify the effect of substitution on construction schedule and changes 
required in other work of products. 


PART 2 - PRODUCTS – NOT USED 


PART 3 - EXECUTION 


3.1 LEED DOCUMENTATION 


A. General 
1. Documentation is listed according to the appropriate LEED prerequisite or credit.  


Some credits may be modified, removed or added during the course of 
construction as required to obtain the LEED rating as required by the Owner.  At 
the Owner’s preference the Design-Build contractor is responsible for providing 
engineering support for available measures listed in the following sections. 
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B. General Requirements 
1. Coordinate with the electrical contractor to ensure that the LEED electrical and 


lighting requirements are satisfied. 
2. Coordinate with the General Contractor to ensure that the LEED general 


requirements are satisfied. 


3.2 WATER EFFICIENCY 


A. Prerequisite 1:  Minimum water use efficiency. 
1. Provide documentation to confirm that the design employs strategies that result 


in an aggregate use 20% less than the water use baseline calculated for the 
building (excluding irrigation). 


B. Credit 2 - Innovative Waste Water Technologies 
1. Provide documentation demonstrating that water for the building sewage 


conveyance will be reduced by at least 50%.  Include the spreadsheet calculation 
and a narrative demonstrating the measures used to reduce wastewater by at 
least 50% from baseline conditions. 


C. Credit 3 - Water Use Reduction - 20%, 30% or 40%. 
1. Provide documentation demonstrating that water for the building will result in an 


aggregate reduction in water use by at 20%, 30%, or 40%  from baseline 
conditions. 


D. Credit 4 – Process Water Use Reduction  (Applies to schools only) 
1. Provide documentation to demonstrate that no refrigeration with once-through 


cooling is used, that no garbage disposals are used, and that four other items 
from a list provided as part of the standard is implemented. 


3.3 ENERGY AND ATMOSPHERE 


A. Prerequisite 1 - Fundamental Building Systems Commissioning 
1. Provide the LEEDTM Letter Template, signed by the commissioning authority, 


certifying the fundamental commissioning procedures as listed in the credit 
requirements have been successfully executed and the design intent of the 
building has been achieved.  Provided by Independent Contractor to Owner to 
confirm compliance with construction documents. 


B. Credit 3 – Enhanced Commissioning 
1. Provide the LEEDTM Letter Template, signed by the independent commissioning 


agent(s), confirming that the commission tasks of the requirement have been met 
successfully.  Provided by Independent Contractor to Owner to confirm 
compliance with construction documents. 


C. Credit 5 - Measurement & Verification 
1. Provide the LEEDTM Letter Template, signed by the licensed professional 


engineer, describing the metering equipment installed for each end-use and 
declaring the option to be followed under IPMVP Version 2001.  Provided by 
Mechanical Engineer, confirmed by Contractor. 


2. Provide a copy of the M&V plan following IPMVP Version 2001 including an 
executive summary.  Provided by Mechanical Engineer, confirmed by Contractor. 
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3.4 INNOVATION & DESIGN PROCESS 


A. Credit 1 - Innovation in Design 
1. Coordinate with Architect and General Contractor for LEEDTM Letter Template 


information required for applicable Innovation in Design credit(s).  Provided by 
Mechanical Engineer, confirmed by Contractor. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 PURPOSE

		A. The owner is pursuing a LEED v3/2009 Gold certification for the project.

		B. The purpose of this Section is to define the LEED design and documentation submittal requirements the Design-Build contractor is responsible for and must include in his work.  Reduction in scope of work or reduction in specified equipment efficiency will not be allowed for this project.

		C. LEED documentation and calculations will be required for the prerequisites and credits as listed in this Section.  The contractors involved in performing work for this Section shall provide documentation where necessary to assist the Design Professionals in completing all documentation to obtain LEED certification.  The Design Professionals will be responsible for final documentation submittal, along with the other discipline design professionals, to USGBC.  Contractor may obtain further program documentation by visiting www.usgbc.com.

		D. Contractor(s) shall demonstrate and provide systems and functions that meet or exceed the requirements of the LEED certification process listed herein and in all other Division 22 Plumbing sections and the construction drawings.



		1.2 APPLICABLE REQUIREMENTS

		A. All work under this Section shall comply with the requirements of General Conditions, Supplemental Conditions, Special Conditions and Division 01, “General Requirements” and shall include all Plumbing Sections specified herein.



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. All Division 22 Plumbing sections included herein.



		1.4 APPLICABLE STANDARDS OR GUIDELINES

		A. Provide in accordance with requirements of the United States Green Building Council (USGBC) for the following:



		1.5 DESIGN SUBMITTALS

		A. Contractor shall submit LEED documentation and calculations as required as a project team member.



		1.6 QUALITY ASSURANCE (QA)

		A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for compliance and coordination of responsibilities contained in this specification section.

		B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must coordinate with the LEED Manager to schedule and conduct a meeting with the Owner and discipline designers to discuss the Design Builder's Proposed Environmental Procedure Compliance Plan(s).



		1.7 LEED CERTIFICATION MEETINGS

		A. Design-Builder will conduct LEED Certification meetings as required with his sub-consultants and subcontractors, in addition to those meetings outlined in Agreement.  Meetings must be attended by the following personnel:

		B. At a minimum, LEED certification goals and issues will be discussed at the following meetings:



		1.8 LEED COMPLIANCE

		A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a LEED Compliance Plan for determining compliance of proposed design with certification as defined by the LEED program. The Plan will include a LEED Credit matrix and a discussion accompanying and/or associated with each and every intended/selected credit point describing how the design will comply with that specific credit requirement.  These in turn will be correlated to a timeline that will adequately illustrate:

		B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the specification sections, submit the following:

		C. This specification section is intended to supplement and not supersede the requirements of other sections of the specifications and drawings.



		1.9 SUBMITTALS

		A. Submit additional LEED submittal requirements included in other Sections of the Specifications.

		B. Design-Builder must submit and receive approval from the USGBC on enough credits as required to achieve the required LEED Project Certification rating.

		C. LEED submittals must be prepared and submitted using the LEED-Online Credit web based application and minimum system requirements.

		D. LEED submittals are in addition to other submittals.  If submitted item is identical to that submitted to comply with other requirements, submit duplicate copies as a separate submittal to verify compliance with indicated LEED requirements.

		E. Design-Build Materials Cost Data:

		F. Complete required LEED -Online Credit Templates declaring that all LEED credit requirements have been met. 

		G. With submittals provide the following: 



		1.10 SPECIAL PRODUCTS AND SUBSITUTIONS 

		A. Notify the Owner’s Representative when Design-Builder wishes to substitute materials, equipment, or products that meet the aesthetic and programmatic intent of the Construction Documents and offer equivalent or increased environmental sensitivity to materials, equipment, or products specified to meet LEED requirements as indicated in the Construction Documents.

		B. Substitutions that may affect LEED certification must be clearly stated as such. 

		C. Comply with the requirements of Division 1 as follows: 
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		C. Credit 3 - Water Use Reduction - 20%, 30% or 40%.

		D. Credit 4 – Process Water Use Reduction  (Applies to schools only)



		3.3 ENERGY AND ATMOSPHERE

		A. Prerequisite 1 - Fundamental Building Systems Commissioning

		B. Credit 3 – Enhanced Commissioning

		C. Credit 5 - Measurement & Verification



		3.4 INNOVATION & DESIGN PROCESS

		A. Credit 1 - Innovation in Design
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work under this Section shall comply with the requirements of General Conditions, 
Supplemental Conditions, Special Conditions and Division 01 - General 
Requirements, and all Plumbing Sections specified herein. 


1.2 SUMMARY 
A. Related Requirements: 


1. Section 018113 “Sustainable Design Requirements.” 


1.3 SCOPE OF THIS SECTION 


A. Work to be furnished and installed under this Section shall include, but not 
necessarily be limited to, the following: 
1. Compliance with all codes and standards applicable to this jurisdiction. 
2. Shop Drawings for Equipment 
3. Coordination Documents 
4. Record drawings 
5. Start-up and commissioning service 
6. Instruction, Training, and Operations & Maintenance Manuals 
7. Work associated with delivery, storage, and handling of products 
8. Work associated with provision of temporary facilities 
9. Preparation of posted operating instructions 
10. Meeting project safety and indemnity requirements 
11. Proper cleaning and closing 
12. Supplying proper Warranty information 
13. Supply specified Guarantee documentation 
14. Design and provision of supports and anchors 
15. Design and provision of seismic restraints 
16. Design and provision of vibration isolation 
17. Through-penetration firestop assemblies 
18. Pipe portals 
19. Pipe stands 
20. Equipment supports 
21. Access panels and doors 
22. Roof flashings 
23. Water hammer arrestors 
24. Drains 
25. Trap primers 
26. Water meters 
27. Miscellaneous fixtures 
28. Identification markers 
29. Coordination of electrical requirements for equipment provided 


 
B.        LEED Submittals: Credits EQc4.1 and EQc4.2. Refer to Section 018113 "Sustainable 


Design Requirements" for additional submittal requirements. 
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1.4 DESCRIPTION OF WORK 


A. The Contract Documents, including Specifications and Construction Drawings, are 
intended to include all material and labor to install complete plumbing systems for the 
building and shall interface with all existing building systems affected by new 
construction.  Refer to project narrative and basis of design for scope of work to be 
included in all systems. 


B. The Contractor shall refer to the architectural interior details, floor plans, elevations, 
and the structural and other Contract Drawings and shall coordinate the work with 
that of the other trades to avoid interference.  The plans are diagrammatic and show 
generally the locations of the fixtures, equipment, and pipe lines and are not to be 
scaled; all dimensions and existing conditions shall be checked at the building. 


C. The Contractor shall comply with the project closeout requirements as detailed in 
General Requirements of Division 01. 


D. Where project involves interface with existing building and/or site systems, existing 
utilities and services have been indicated on the drawings to the extent possible 
based on available record drawings.  The Contractor shall thoroughly familiarize 
themselves with existing conditions and be aware that in some cases information is 
not available as to concealed conditions, which exist in portions of the existing 
building affected by this work. 


E. Refer to Basis of Design on drawings.  Systems as specified under this section shall 
include but not necessarily be limited to the following: 
1. Connection to utilities at five (5) feet from the building.  Coordinate with the 


Civil Engineering Plans and/or Division 02 work. 
2. Connection of all waste, vent, and water piping to all plumbing fixtures, 


drinking fountains, sinks, water coolers, drains and mechanical equipment. 


1.5 SUBMITTALS 


A. Prior to construction submit for approval all materials and equipment in accordance 
with Division 01.  Submit manufacturer's data, installation instructions, and 
maintenance and operating instructions for all components of this section including, 
but not limited to, the following: 
1. Supports and anchors 
2. Access panels and doors 
3. Identification markers and tags 
4. Electrical equipment 
5. Pipe portals 
6. Emergency showers and eye washes 
7. Plumbing specialties 
8. Trap primers 
9. Cleanouts 
10. Drains 
11. Roof flashing 
12. Wall hydrants and hose bibbs 
13. Backwater valves 
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1.6 DESCRIPTION OF BID DOCUMENTS 


A. Specifications: 
1. Specifications, in general, describe quality and character of materials and 


equipment. 
2. Specifications are of simplified form and include incomplete sentences. 


B. Drawings: 
1. Drawings in general are diagrammatic and indicate sizes, locations, 


connections to equipment and details of installation. 
2. Before proceeding with work check and verify all dimensions. 
3. Assume all responsibility for fitting of materials and equipment to other parts 


of equipment and structure. 
4. Make adjustments that may be necessary or requested, in order to resolve 


space problems, preserve headroom, and avoid architectural openings, 
structural members and work of other trades. 


5. Verify exact location and elevation of existing piping, ductwork, conduits and 
structure and coordinate to accommodate installation of new work as 
indicated on the drawings. 


6. If any part of Specifications or Drawings appears unclear or contradictory, 
apply to Architect or Engineer for interpretation and decision as early as 
possible, including during bidding period. 


1.7 DEFINITIONS 


A. "Above Grade":  Not buried in the ground and not embedded in concrete slab on 
ground. 


B. "Actuating" or "Control" Devices:  Automatic sensing and switching devices such as 
thermostats, pressure, float, electro-pneumatic switches and electrodes controlling 
operation of equipment. 


C. "Below Grade":  Buried in the ground or embedded in concrete slab on ground. 


D. "Concealed":  Embedded in masonry or other construction, installed in furred spaces, 
within double partitions or hung ceilings, in trenches, in crawl spaces, or in 
enclosures.  In general, any item not visible or directly accessible. 


E. "Connect":  Complete hook-up of item with required service. 


F. "Exposed":  Not installed underground or "concealed." 


G. "Furnish":  To supply equipment and products as specified. 


H. "Indicated," "Shown" or " "Noted":  As indicated, shown or noted on Drawings or 
Specifications. 


I. "Install":  To erect, mount and connect complete with related accessories. 


J. “Lead Free”: Materials containing not more than 0.2 percent lead when used with 
respect to solder and flux and not more than a weighted average of 0.25 percent 
when used with respect to the wetted surfaces of pipes and pipe fittings, plumbing 
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fittings, and fixtures, providing a specified definition and formula for determining 
“weighted average”. 


K. "Motor Controllers":  Manual or magnetic starters (with or without switches), 
individual push buttons or hand-off-automatic (HOA) switches controlling the 
operation of motors. 


L. "Must":  A desire to complete the specified task.  Allows some flexibility in application 
as opposed to "Shall." 


M. “NRTL”: Nationally Recognized Testing Laboratory, including UL and/or ETL. 


N. "Piping":  Pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports, 
unions, traps, drains, insulation, and related items. 


O. "Provide":  To supply, install and connect as specified for a complete, safe and 
operationally ready system. 


P. "Reviewed," "Satisfactory" or "Directed":  As reviewed, satisfactory, or directed by or 
to Architect/Engineer/Owner’s Representative. 


Q. "Rough-In":  Provide all indicated services in the necessary arrangement suitable for 
making final connections to fixture or equipment. 


R. "Shall":  An exhortation or command to complete the specified task. 


S. "Similar" or "Equal":  Of base bid manufacture, equal in materials, weight, size, 
design, and efficiency of specified products. 


T. "Supply":  To purchase, procure, acquire and deliver complete with related 
accessories. 


U. “Typical” or “Typ”:  Exhibiting the qualities, traits, or characteristics that identify a 
kind, class, number, group or category.  Of or relating to a representative specimen.  
Application shall apply to all other similarly identified on plan or detail. 


V. "Will":  A desire to complete the specified task.  Allows some flexibility in application 
as opposed to "Shall." 


W. "Wiring":  Raceway, fittings, wire, boxes and related items. 


X. "Work":  Labor, materials, equipment, apparatus, controls, accessories, and other 
items required for proper and complete installation. 


1.8 RELATED WORK SPECIFIED ELSEWHERE 


A. All Division 22 Plumbing sections included herein. 


B. Division 01:  General Requirements 
1. Including commissioning requirements. 


C. Division 02:  Existing Conditions 







SAN DIEGO STATE UNIVERSITY SECTION 220500 
EIS COMPLEX  BASIC PLUMBING MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220500 - 5  McParlane & Associates 


1. Coordination of excavation of trenches and the installation of mechanical 
systems and piping on site. 


D. Division 03:  Concrete. 
1. All concrete work required for plumbing work shall be coordinated by 


Division 22 with Division 03 including: 
a. Concrete curbs and housekeeping pads for the mechanical 


equipment. 
b. Thrust blocks, pads, and boxes for mechanical equipment. 
c. Coordination of floor drain and floor sink installations in sloped 


floors. 


E. Division 07:  Thermal and Moisture Protection. 
1. Flashing and sheet metal 
2. Sealants and caulking 
3. Firestopping 


F. Division 09:  Finishes: 
1. Division 22 installers shall perform all painting, except where specifically 


stated otherwise in Division 09. 
2. Painting of all exposed steel, piping, insulation, equipment, and materials. 
3. All exposed gas piping located exterior to the building and as required by 


Authority Having Jurisdiction. 


G. Division 26:  Electrical is related to work of: 
1. Power connections to all plumbing equipment 
2. Life safety provisions 


1.9 CODES AND STANDARDS 


A. The Contractor is cautioned that code requirements not explicitly detailed in these 
specifications or drawings, but which may be reasonably inferred or implied from the 
nature of the project, must be provided as part of the contract. 


B. Perform all tests required by governing authorities and required under all Division 22 
Sections.  Provide written reports on all tests. 


C. Electrical devices and wiring shall conform to the 2013 standards of CEC; all devices 
shall be UL listed and labeled. 


D. All accessible plumbing work shall comply with the Americans with Disabilities Act 
(ADA) and local amendments.  Compliance requirements applicable to plumbing 
work includes, but is not limited to, the following: 
1. Section 609: No plumbing fixtures or valves may impede on grab bar 


clearances.  Grab bars are installed in a horizontal position between 33” and 
36” above the finish floor to the top of the grab bar.  The clear space 
between the wall and the grab bar shall be 1-1/2” minimum with no 
obstructions created by valves, fittings or controls.  The space between the 
grab bar and projecting objects above shall be 12” minimum.  The space 
between the grab bar and projecting objects below shall be 1-1/2” minimum. 


2. Section 604.4: The seat height of a water closet above the finish floor shall 
be 17” minimum and 19” maximum measured to the top of the seat.  Seats 
shall not be sprung to return to a lifted position.  A water closet in a toilet 
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room for a single occupant accessed only through a private office and not for 
common use or public use shall not be required to comply.  In residential 
dwelling units the height of water closets shall be permitted to be 15” 
minimum and 19” maximum above the finish floor measured to the top of the 
seat. 


3. Section 605.2: Urinal shall be a stall-type or wall-hung type with the rim 17” 
maximum above the finish floor or ground.  Urinals shall be 13-1/2” deep 
minimum. 


4. Section 608.6: A shower spray unit with a hose 59” minimum that can be 
used both as a fixed-position shower head and as hand-held shower.  The 
shower spray unit shall have an on/off control with a non-positive shut-off.  
The shower unit shall not obstruct grad bar clearances.  Shower spray units 
shall deliver water that does not exceed 120⁰F maximum. 


5. Section 608.7: Thresholds in roll-in type shower compartments shall be 1/2” 
high maximum. 


6. Section 604.9: Water closets in buildings serving children ages 3 through 12 
shall comply with reduced dimensions. 


7. Section 606.3: Lavatories and sinks shall be installed with the front of the 
higher of the rim or counter surface 34” maximum above the finish floor. 


8. Section 606.4:  Hand-operated metering faucets shall remain open for 10 
seconds minimum. 


9. Section 606.5:  Water supply and drain pipes under lavatories and sinks 
shall be insulated or otherwise configures to protect against contact.  There 
shall be no sharp or abrasive surfaces under lavatories and sinks. 


10. Section 602:  Drinking fountain spout height shall be 36” maximum above 
the finish floor.  The spout shall provide a flow of water 4” high minimum and 
shall be located 5” maximum from the front of the unit. 


11. Section 309: Operable parts shall be operable with one hand and shall not 
require tight grasping, pinching, or twisting of the wrist.  The force required to 
activate operable parts shall be 5 pounds maximum. 


E. All excavation work must comply with all provisions of state laws including 
notification to all owners of underground utilities at least 48 business day hours, but 
not more than 10 business days, before commencing an excavation. 


F. Provide in accordance with rules and regulations of the following: 
1. Building Codes enforced by the Authority Having Jurisdiction in California: 


a. 2013 Building Standards Administrative Code, Part 1, Title 24 CCR 
b. 2013 California Building Code (CBC), Part 2, Title 24 CCR (2012 


International Building Code with California Amendments) 
c. 2013 California Electrical Code (CEC), Part 3, Title 24 CCR (2011 


National Electrical Code with California Amendments) 
d. 2013 California Mechanical Code (CMC) Part 4, Title 24 CCR 2011 


Uniform Mechanical Code with California Amendments) 
e. 2013 California Plumbing Code (CPC), Part 5, Title 24 CCR (2011 


Uniform Plumbing Code with California Amendments) 
f. 2013 California Building Energy Efficiency Standards for Residential 


and Nonresidential Buildings (T24), Part 6, Title 24 CCR 
g. 2013 California Fire Code, Part 9, Title 24 CCR (2012 International 


Fire Code with California Amendments 
h. 2013 California Green building Standards Code (CALGreen), Part 


11, Title 24 CCR 
i. 2013 California Referenced Standards, Part 12, Title 24 CCR 
j. Title 19 CCR Public Safety, State Fire Marshal Regulations. 
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G. All accessible plumbing work shall comply with the Americans with Disabilities Act 
(ADA) and local amendments.  Compliance requirements applicable to plumbing 
work includes, but is not limited to, the following ADA requirements: 
1. Section 609: No plumbing fixtures or valves may impede on grab bar 


clearances.  Grab bars are installed in a horizontal position between 33” and 
36” above the finish floor to the top of the grab bar.  The clear space 
between the wall and the grab bar shall be 1-1/2” minimum with no 
obstructions created by valves, fittings or controls.  The space between the 
grab bar and projecting objects above shall be 12” minimum.  The space 
between the grab bar and projecting objects below shall be 1-1/2” minimum. 


2. Section 604.4: The seat height of a water closet above the finish floor shall 
be 17” minimum and 19” maximum measured to the top of the seat.  Seats 
shall not be sprung to return to a lifted position.  A water closet in a toilet 
room for a single occupant accessed only through a private office and not for 
common use or public use shall not be required to comply.  In residential 
dwelling units the height of water closets shall be permitted to be 15” 
minimum and 19” maximum above the finish floor measured to the top of the 
seat. 


3. Section 605.2: Urinal shall be a stall-type or wall-hung type with the rim 17” 
maximum above the finish floor or ground.  Urinals shall be 13-1/2” deep 
minimum. 


4. Section 608.6: A shower spray unit with a hose 59” minimum that can be 
used both as a fixed-position shower head and as hand-held shower.  The 
shower spray unit shall have an on/off control with a non-positive shut-off.  
The shower unit shall not obstruct grad bar clearances.  Shower spray units 
shall deliver water that does not exceed 120⁰F maximum. 


5. Section 608.7: Thresholds in roll-in type shower compartments shall be 1/2” 
high maximum. 


6. Section 604.9: Water closets in buildings serving children ages 3 through 12 
shall comply with reduced dimensions. 


7. Section 606.3: Lavatories and sinks shall be installed with the front of the 
higher of the rim or counter surface 34” maximum above the finish floor. 


8. Section 606.4:  Hand-operated metering faucets shall remain open for 10 
seconds minimum. 


9. Section 606.5:  Water supply and drain pipes under lavatories and sinks 
shall be insulated or otherwise configures to protect against contact.  There 
shall be no sharp or abrasive surfaces under lavatories and sinks. 


10. Section 602:  Drinking fountain spout height shall be 36” maximum above 
the finish floor.  The spout shall provide a flow of water 4” high minimum and 
shall be located 5” maximum from the front of the unit. 


11. Section 309: Operable parts shall be operable with one hand and shall not 
require tight grasping, pinching, or twisting of the wrist.  The force required to 
activate operable parts shall be 5 pounds maximum. 


H. Provide in accordance with appropriate referenced standards of the following: 
1. NFPA - National Fire Protection Association 
2. CSA - Canadian Standards Association 
3. ADC - Air Diffuser Council 
4. ANSI - American National Standards Institute 
5. ASHRAE - American Society of Heating, Refrigerating & Air Conditioning 


Engineers 
6. ASME - American Society of Mechanical Engineers 
7. ASTM - American Society for Testing Materials 
8. AWS - American Welding Society 







SAN DIEGO STATE UNIVERSITY SECTION 220500 
EIS COMPLEX  BASIC PLUMBING MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220500 - 8  McParlane & Associates 


9. AWWA - American Water Works Association 
10. FM - Factory Mutual 
11. MSS - Manufacturer's Standardization Society 
12. NEMA - National Electrical Manufacturer's Association 
13. SMACNA - Sheet Metal and Air Conditioning Contractors National 


Association 
14. UL - Underwriter's Laboratories 
15. ADA - Americans with Disabilities Act 
16. ETL - Electrical Testing Laboratories 
17. ASSE - American Society of Sanitary Engineers 
18. PDI - Plumbing and Drainage Institute 
19. IAPMO - International Association of Plumbing and Mechanical Officials 
20. CISPI - Cast Iron Soil Pipe Institute 


1.10 QUALITY ASSURANCE 


A. Manufacturer's Nameplates:  Nameplates on manufactured items shall be affixed to 
each piece of equipment and resistant to ambient conditions. 


B. Current Models.  All work shall be as follows: 
1. Manufactured items furnished shall be the current, cataloged product of the 


manufacturer. 
2. Replacement parts shall be readily available and stocked in the USA. 


1.11 GENERAL REQUIREMENTS 


A. Examine all existing conditions at building site. 


B. Review contract documents and technical specifications for extent of new work to be 
provided. 


C. Provide and pay for all permits, licenses, fees and inspections. 


D. Install equipment and materials to provide required access for servicing and 
maintenance.  Coordinate the final location of concealed equipment and devices 
requiring access with final location of required access panels and doors.  Allow 
ample space for removal of all parts that require replacement or servicing.  This work 
shall include furnishing  all access doors required for mechanical access. 


E. Verify final locations for rough-ins with field measurements and with the 
requirements of the actual equipment to be connected.  Refer to Equipment 
Specifications in Divisions 02 through 48 for rough-in requirements. 


F. Coordinate plumbing equipment and materials installation with other building 
components. 


G. Verify all dimensions by field measurements. 


H. Arrange for chases, slots, and openings in other building components to allow for 
plumbing installations. 


I. Coordinate the installation of required supporting devices and sleeves to be set in 
poured-in-place concrete and other structural components, as they are constructed. 
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J. Coordinate the cutting and patching of building components to accommodate the 
installation of mechanical equipment and materials.  Contractor to provide for all 
cutting and patching required for installation of his work unless otherwise noted. 


K. Where mounting heights are not detailed or dimensioned, install plumbing services 
and overhead equipment to provide the maximum headroom possible. 


L. Install plumbing equipment to facilitate maintenance and repair or replacement of 
equipment components.  Connect equipment for ease of disconnecting, without 
interference with other installations. 


M. Coordinate the installation of plumbing materials and equipment above ceilings with 
ductwork, piping, conduits, suspension system, light fixtures, cable trays, sprinkler 
piping and heads, and other installations. 


N. Coordinate connection of plumbing systems with exterior underground and overhead 
utilities and services.  Comply with requirements of governing regulations, franchised 
service companies, and controlling agencies.  Provide required connection for each 
service within 5 feet of building. 


O. Coordinate with Owner’s Representative in advance to schedule shutdown of 
existing systems to make new connections.  Provide valves in new piping to allow 
existing system to be put back in service with minimum down time. 


P. All materials (such as insulation, piping, wiring, controls, etc.) located within air 
plenum spaces, air shafts, and occupied spaces shall have a flame-spread index of 
25 or less, and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 
255) Method.  In addition, the products, when tested, shall not drip flame particles, 
and flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or 
listing, or satisfactory certified test report from an approved testing laboratory to 
prove the fire hazard ratings for materials proposed for use do not exceed those 
specified. 


Q. Coordinate installation of floor drains and floor sinks with work of other trades.  
Finished floors shall slopes to floor drains as shown on architectural drawings.  Floor 
sinks will typically be installed flush with surrounding floor.  Review plans and design 
intent for floor sinks that may require elevated rims. 


R. Products made of or containing lead, asbestos, mercury or other known toxic or 
hazardous materials are not acceptable for installation under this Division.  Any such 
products installed as part of the work of the Division shall be removed and replaced 
and all costs for removal and replacement shall be borne solely by the installing 
Contractor. 


S. Pipes, pipe fittings, plumbing fittings and fixtures that come into contact with the 
wetted surface of a public water system or any plumbing in a facility providing water 
for human consumption shall be “Lead Free”. 


1.12 MINOR DEVIATIONS 


A. The Drawings are diagrammatic and show the general arrangements of all plumbing 
work and requirements to be performed.  It is not intended to show or indicate all 
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offsets, fittings, and accessories which will be required as a part of the work of this 
Section. 


B. Minor deviations in order to avoid conflict shall be permitted where the design intent 
is not altered. 


C. Advise the Owner’s Representative, in writing, in the event a conflict occurs in the 
location or connection of equipment.  Bear all costs for relocation of equipment, 
resulting from failure to properly coordinate the installation or failure to advise the 
Owner’s Representative of conflict. 


1.13 PRODUCT SUBSTITUTIONS 


A. The Contractor shall certify the following items are correct when using substituted 
products other than those scheduled or shown on the drawings as a basis of design: 
1. The proposed substitution does not affect dimensions shown on drawings. 
2. The Contractor shall pay for changes to building design, including 


engineering design, detailing, structural supports, and construction costs 
caused by proposed substitution. 


3. The proposed substitution has no adverse effect on other trades, 
construction schedule, or specified warranty requirements. 


4. Maintenance and service parts are available locally and readily obtainable for 
the proposed substitute. 


B. The Contractor further certifies function, appearance, and quality of proposed 
substitution are equivalent or superior to specified item. 


C. The Contractor agrees that the terms and conditions for the substituted product that 
are found in the contract documents apply to the proposed substitution. 


1.14 SHOP DRAWINGS AND EQUIPMENT SUBMITTALS 


A. Provide submittals for all materials and equipment in accordance with Division 01 
requirements. 


B. After approval of preliminary list of materials, the Contractor shall submit Shop 
Drawings and manufacturer's Certified Drawings to the Owner’s Representative for 
review and approval. 


C. The Contractor shall submit approved Shop Drawings and manufacturer's equipment 
cuts, of all equipment requiring connection by Division 26, to the Electrical Contractor 
for final coordination of electrical requirements.  Contractor shall bear all additional 
costs for failure to coordinate with Division 26. 


D. Submittals and Shop Drawings: 
1. Submit electronic copies of manufacturer's submittal sheets in one (1) 


coordinated package per Division.  Multiple submissions will not be accepted 
without prior approval of Engineer.  Organize submittal sheets in sequential 
order aligned with matching specification section numbers. 


2. Provide electronic copies of shop drawings prepared to show details of the 
proposed installation.  Copies of contract design drawings submitted to 
demonstrate shop drawing compliance will not be accepted. 
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3. Paper submittals will only be acceptable if specifically required by Division 
01. 


4. The approved submittals shall be converted into Operations & Maintenance 
Manuals at the completion of the project.  Refer to Division 01 for additional 
requirements. 


1.15 COORDINATION DOCUMENTS/SHOP DRAWINGS 


A. The Contractor shall prepare coordinated Shop Drawings. 
1. The shop drawings shall serve to record the coordination of the installation 


and location of all piping, fixtures, HVAC equipment, ductwork, grilles, 
diffusers, fire sprinklers, lights, audio/video systems, electrical services and 
all system appurtenances. 


2. The Drawings shall include all mechanical rooms and floor plans. 
3. The Drawings shall be keyed to the structural column identification system, 


and shall be progressively numbered.  Prior to completion of the Drawings, 
the Contractor shall coordinate the proposed installation with the Owner’s 
Representative and the structural requirements, and all other trades 
(including HVAC, Plumbing, Fire Protection, Electrical, Ceiling Suspension, 
Wall Framing and Tile Systems), and provide maintenance access 
clearance as required by manufacturer installation instructions and as 
required to meet minimum code clearances.  When conflicts are identified, 
modify system layout as necessary to resolve.  Do not fabricate, order or 
install any equipment or materials until coordination documents are 
approved by the General Contractor and Owner’s Representative. 


4. Within thirty (30) days after award of Contract, submit proposed coordination 
document Shop Drawing schedule, allowing adequate time for review and 
approval by parties mentioned above.  Drawings or electronic coordination 
should be prepared and submitted for approval on a floor-by-floor basis to 
phase with building construction. 


B. The coordination work shall be prepared as follows: 
1. Two dimensional AutoCAD / Revit based documents: 


a. Contractor shall prepare AutoCAD/Revit coordination drawings to an 
accurate scale of 1/4" = 1'-0" or larger.  Drawings are to be same 
size as Contract Drawings and shall indicate locations, sizes and 
elevations above finished floor, of all systems. Lettering shall be 
minimum 1/8" high. 


b. Contractor shall obtain AutoCAD/Revit drawings from all other 
trades as required to fully coordinate the installation with 
architectural, structural, HVAC, plumbing, electrical, fire alarm 
devices, low voltage devices, and other systems that interface with 
and/or impact the fire protection work. 


c. Plumbing drawings shall indicate locations of all fixtures and piping, 
including valves and fittings, dimensions from column lines, and 
bottom of pipe elevations above finished floor. 


d. Provide maintenance access clearance as required by manufacturer 
installation instructions and as required to meet minimum code 
clearances. 


e. Drawings shall incorporate all addenda items and change orders. 
f. Distribute drawings to all other trades and provide additional 


coordination as needed to assure adequate space for piping, 
equipment and routing to avoid conflicts.  When conflicts are 
identified, modify system layout as necessary to resolve. 
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C. Advise the Owner’s Representative in the event a conflict occurs in the location or 
connection of equipment.  Bear all costs for relocation of equipment, resulting from 
failure to properly coordinate the installation or failure to advise the Owner’s 
Representative of conflict. 


D. Verify in field exact size, location, invert, and clearances regarding all existing 
material, equipment and apparatus, and advise the Owner’s Representative of any 
discrepancies between those indicated on the Drawings and those existing in the 
field prior to any installation related thereto. 


E. Final Coordination Drawings with all appropriate information added are to be 
submitted as Record Drawings at completion of project. 


1.16 REQUESTS FOR INFORMATION (RFIS) 


A. General: Immediately on discovery of the need for additional information or 
interpretation of the Contract Documents, Contractor shall prepare and submit an 
RFI in the form specified (refer to Division 01). 
1. Coordinate and submit RFIs in a prompt manner so as to avoid delays in 


Contractor's work or work of subcontractors. 
2. RFIs shall address single questions and related issues only. 
3. All RFIs shall be thoroughly reviewed and approved by the General 


Contractor and/or Construction Manager for accuracy and need for 
information required before submittal to Owner’s Design Representative.  


B. Content of the RFI: Include a detailed, legible description of item needing information 
or interpretation and the following: 
1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Architect and Construction Manager. 
6. RFI number, numbered sequentially and unique. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as 


appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
11. Contractor's suggested resolution. If Contractor's suggested resolution 


impacts the Contract Time or the Contract Sum, Contractor shall state 
impact in the RFI. 


12. Contractor's signature. 
13. Attachments: Include sketches, descriptions, measurements, photos, 


Product Data, Shop Drawings, coordination drawings, and other information 
necessary to fully describe items needing interpretation. 
a. Include dimensions, thicknesses, structural grid references, and 


details of affected materials, assemblies, and attachments on 
attached sketches. 


C. Engineer’s Action: Engineer will review each RFI, determine action required, and 
respond. Allow a minimum three business days for Engineer's response for each 
RFI, plus additional 2 days time for Architect and General Contractor to review and 
forward. RFIs received by Engineer after 1:00 p.m. will be considered as received 
the following working day. 
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1. The following Contractor-generated RFIs will be returned without action: 
a. Incomplete RFIs or inaccurately prepared RFIs. 
b. RFIs submitted without indication of review and approval for 


submission by General Contractor [or Construction Manager]. 
c. RFIs addressing multiple unrelated issues. 
d. Requests for approval of submittals. 
e. Requests for approval of substitutions. 
f. Requests for approval of Contractor's means and methods. 
g. Requests for information already indicated in the Contract 


Documents. 
h. Requests for adjustments in the Contract Time or the Contract Sum. 
i. Requests for interpretation of Engineer's actions on submittals. 


1.17 RECORD DOCUMENTS 


A. Maintain set of Coordination Documents (drawings and specifications) marked 
“Record Set” at the job site at all times, and use it for no other purpose but to record 
on it all the changes and revisions during construction. 


B. Record Drawings shall indicate revisions to piping, size and location both exterior 
and interior; including locations control devices, and equipment requiring periodic 
maintenance or repair; actual equipment locations, dimensioned from column lines; 
actual inverts and locations of underground piping; concealed equipment, 
dimensioned to column lines; mains and branches of piping systems, with valves and 
control devices located and numbered, concealed unions located, and with items 
requiring maintenance (i.e. – valves, traps, strainers, expansion compensators, 
tanks, etc.). 


C. Record Specifications shall indicate approved substitutions; Change Orders; and 
actual equipment and materials provided. 


D. At the completion of the construction transfer all “Record Set” notations to a clean 
set of drawings and specifications in a neat and orderly fashion that incorporates all 
site markups to clearly show all changes and revisions to the Contract Documents.  
Submit copies of Record Documents and CD/DVD disks labeled with all drawings 
and specifications and other supporting documentation. 


E. Refer also to Division 01 for full scope of requirements. 


1.18 INSTRUCTION, MAINTENANCE, AND O&M MANUALS 


A. O&M Manuals:  Contractor shall submit to the Owner’s Representative complete set 
of operating instructions, maintenance instructions, part lists, and all other bulletins 
and brochures pertinent to the operation and maintenance for equipment furnished 
and installed as specified in this section. 


B. The Contractor shall be responsible for proper instruction of Owner's personnel for 
operation and maintenance of equipment, and apparatus installed as specified in 
Division 22, to be no less than two (2) hours for each type of equipment. 


C. Refer to Division 01 for additional requirements. 
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1.19 DELIVERY, STORAGE AND HANDLING 


A. Deliver products to project properly identified with manufacturer’s names, model 
numbers, types, grades, compliance labels, and similar information needed for 
distinct identifications; adequately packaged and protected to prevent damage during 
shipment, storage, and handling. 


B. Store equipment and materials in an environmentally controlled area at the site, 
unless off-site storage is authorized in writing.  Protect stored equipment and 
materials from damage.  Piping and equipment that is damaged or showing signs of 
rust shall be removed from site and replaced with new. 


1.20 START-UP SERVICE 


A. Prior to start-up, assure that systems are ready for start-up and commissioning, 
including checking the following:  proper equipment rotation, proper wiring, auxiliary 
connections, lubrication, venting, controls, and installed and properly set relief and 
safety valves. 


B. Provide services of factory-trained technicians for start-up of controls, pumps, water 
heaters, and other major pieces of equipment.  Certify in writing, compliance with this 
paragraph, stating names of personnel involved and the date work was performed. 


C. Refer to other Division 01 and Division 22 sections for additional requirements. 


1.21 CLEANING AND CLOSING 


A. All work shall be inspected, tested, and approved before being concealed or placed 
in operation. 


B. Upon completion of the work, all equipment installed as specified in this section, and 
all areas where work was performed, shall be cleaned (areas by General Contractor) 
to provide operating conditions satisfactory to the Owner’s Representative. 


1.22 WARRANTIES  


A. All equipment shall be provided with a minimum one-year (12 months) warranty from 
the date of Certificate of Occupancy.  The warranty shall include parts, labor, travel 
costs, and living expenses incurred by the manufacturer to provide factory authorized 
service.  Refer to individual Equipment Specifications for extended or longer-term 
warranty requirements. 


B. Provide complete warranty information for each item, to include product or 
equipment, date of beginning of warranty or bond; duration of warranty or bond; and 
names, addresses, telephone numbers and procedures for filing a claim and 
obtaining warranty services. 


C. Contractor shall provide maintenance service as specified elsewhere during the 12-
month warranty period. 
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1.23 GUARANTEE 


A. The Contractor shall guarantee and service all workmanship and materials to be as 
represented by him and shall repair or replace, at no additional cost to the Owner, 
any part thereof which may become defective within the period of one (1) year after 
the Date of Final Acceptance, ordinary wear and tear excepted. 


B. Contractor shall be responsible for and pay for any damages caused by or resulting 
from defects in their work. 


1.24 COMMISSIONING  


A. Commissioning requires the participation of Division 22 plumbing contractor to work 
to ensure that all systems are operating in a manner consistent with the construction 
documents and the design intent.  The general commissioning requirements and 
coordination are detailed in Division 1 and in Division 23.  This Division shall be 
familiar with all parts of Division 1 and Division 23 and the commissioning plan 
issued by the Commissioning Authority and shall execute all commissioning 
responsibilities assigned to them in the Contract Documents. 


B. The plumbing contractor is responsible for assisting the commissioning agent 
throughout the entire commissioning process on the work under their section.  The 
work is not complete until the commissioning agent and the University has signed off 
on the commissioned systems. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Furnish and install all new material, equipment, and apparatus hereinafter specified 
unless specifically noted otherwise.  All material, equipment, and apparatus shall be 
identified by the manufacturer's name, nameplate, and pertinent data. 


B. All materials, equipment, and apparatus are mentioned as standards unless noted 
otherwise.  The words "or approved equal" shall be considered to be subsequent to 
all manufacturers’ names used herein, unless specifically noted that substitutes are 
not allowed. 


2.2 GENERAL 


A. All materials and equipment under this Division of the Specifications shall be new, of 
best grade and as listed in printed catalogs of the manufacturer. 


B. All manufactured materials shall be delivered and stored in their original containers.  
Equipment shall be clearly marked or stamped with the manufacturer's name and 
rating. 


C. For secure facilities, schools and public safety buildings exposed equipment and 
access shall be Vandal Proofed.  One type of vandal proof screw is to be used 
throughout this facility.  Coordinate with General Contractor for type. 
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D. The following products to be included as part of this work but specified under Section 
220500 Basic Plumbing Materials and Methods and Section 221123 Plumbing 
Piping, Valves and Specialties: 
1. Piping. 
2. Valves. 
3. Hangers and supports. 
4. Escutcheon plates, flashings, and sleeves. 
5. Identification markers and signs. 
6. Anchors and alignment guides to comply with seismic requirements as 


indicated on structural plans. 
7. Excavation and backfill. 
8. Pressure and temperature gauges. 
9. Access Panels. 


E. Plumbing Fixtures:  Refer to Section 224000. 


F. Plumbing Equipment:  Refer to Section 223000. 


G. Products made of, or containing, lead, asbestos, mercury, or other known toxic or 
hazardous materials are not acceptable for installation under this Section.  Any such 
products installed as part of the work of this Section shall be removed and replaced 
and all costs for removal and replacement shall be borne solely by the Contractor(s). 


2.3 SUPPORTS AND ANCHORS 


A. General:  Comply with applicable codes pertaining to product materials and 
installation of supports and anchors, including, but not limited to, the following: 
1. UL: Provide products which are UL listed. 
2. FM: Provide products which are FM approved. 
3. ASCE 7-05: “American Society of Civil Engineers.” 
4. MSS Standard Compliance:  Manufacturer's Standardization Society (MSS). 
5. SMACNA:  "Seismic Restraint Manual: Guidelines for Mechanical Systems." 
6. NFPA:  Pamphlet number 13 and 14 for fire protection systems. 
7. Provide copper plated, field lined, or plastic coated supports and attachment 


for copper piping systems.  Field applied coatings or tape is unacceptable. 
8. Manufacturer: Hilti Inc, B-Line, Anvil International, Erico, Tolco, Kin-Line, 


Simpson, or Superstrut. 


B. Horizontal Piping Hangers and Supports:  Except as otherwise indicated, provide 
factory-fabricated hangers and supports of one of the following MSS types listed. 
1. Adjustable Steel Clevis Hangers:  MSS Type 1. 
2. Adjustable Steel Swivel Band Hangers:  MSS Type 10. 
3. U-Bolts:  MSS Type 24. 
4. Pipe Slides and Slide Plates:  MSS Type 35, including one of the following 


plate types: 
a. Plate:  Unguided type. 
b. Plate:  Guided type. 
c. Plate:  Hold-down clamp type. 


5. Pipe Saddle Supports:  MSS Type 36, including steel pipe base support and 
cast iron floor flange. 


6. Pipe Saddle Supports with U-Bolt:  MSS Type 37, including steel pipe base 
support and cast iron floor flange. 


7. Adjustable Pipe Saddle Supports:  MSS Type 38, including steel pipe base 
support and cast iron floor flange. 
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8. Pipe Guides:  Provide factory-fabricated guides of cast semi-steel or heavy 
fabricated steel, consisting of a bolted two-section outer cylinder and base 
with a two-section guiding spider bolted tight to pipe.  Size guide and spiders 
to clear pipe and insulation (if any), and cylinder.  Provide guides of length 
recommended by manufacturer to allow indicated travel. 


C. Horizontal Cushioned Pipe Clamp:  Where pipe hangers are called out to absorb 
vibration or shock install a piping clamp with thermoplastic elastomer insert.  Cush-A-
Clamp or equal. 


D. Vertical Piping Clamps:  Provide factory-fabricated two-bolt vertical piping riser 
clamps, MSS Type 8. 


E. Hanger-Rod Attachments:  Except as otherwise indicated, provide factory-fabricated 
hanger-rod attachments of one of the following MSS types listed. 
1. Rod couplings 


F. Building Attachments:  Except as otherwise indicated, provide factory-fabricated 
building attachments of one of the following types listed. 
1. Concrete Inserts:  HCI-MD (for metal deck) or HCI-WF (for wood forms) 


cast-in anchors by Hilti Inc. or MSS Type 18 or Blue Banger Hanger by 
Simpson 


2. Steel Brackets:  One of the following for indicated loading: 
a. Light Duty:  MSS Type 31. 
b. Medium Duty:  MSS Type 32. 
c. Heavy Duty:  MSS Type 33. 


3. Horizontal Travelers:  MSS Type 58. 
4. Concrete Screw Anchors: KWIK HUS EZ-I by Hilti Inc., Titen HD by Simpson 


or approved equal. 
5. Torque-Controlled Expansion Anchor:  KWIK BOLT-TZ by Hilti Inc., Strong-


Bolt 2 by Simpson Strong-Tie Co. Inc or approved equal.   


G. Insulate around hanger/hanger tight to piping.  
1. clamps.  Klo-Shure Insulation Coupling or equal. 


H. Miscellaneous Materials: 
1. Metal Framing:  Provide products complying with NEMA STD ML1. 
2. Steel Plates, Shapes, and Bars:  Provide products complying with ASTM 


A36. 
3. Cement Grout:  Portland Cement (ASTM C150, Type I or Type III) and clean 


uniformly graded, natural sand (ASTM C404, Size No. 2).  Mix at a ratio of 
1.0 part cement to 3.0 parts sand by volume, with minimum amount of water 
required for placement and hydration. 


4. Heavy-Duty Steel Trapezes:  Fabricate from steel shapes selected for loads 
required.  Weld steel in accordance with AWS standards. 


5. Hyco strap.  
 
 


2.4 SEISMIC RESTRAINT/VIBRATION ISOLATION REQUIREMENTS 


A. Equipment, piping, and all system appurtenances (including weight of normal 
operating contents) shall be adequately restrained to resist seismic forces.  Restraint 
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devices shall be designed and selected to meet seismic requirements as defined in 
the latest code editions with State Amendments, applicable local codes, and 
applicable Importance Factors and Soil Factors.  Refer to Section 220548 Vibration 
Isolation for Plumbing Equipment or Section 220549 Seismic Restraint for Plumbing 
Piping and Equipment, as applicable. 


2.5 THROUGH-PENETRATION FIRESTOP ASSEMBLIES 


A. Through-penetration firestop assemblies and caulking systems as required to 
maintain the fire/smoke integrity of the penetrated surface and install per 
manufacturer’s installation instructions.  Refer to drawings for additional 
requirements. 


B. Manufacturers: 3M, Hilti, ProSet or equal. 


2.6 PIPE PORTALS 


A. Where pipe portals are not provided by other sections of Specification, provide 
prefabricated insulated pipe portals as required for piping penetrating through the 
roof where shown on plans.  Field built pipe portals are acceptable alternatives - 
provide detail of construction for review. 


B. Standard pipe portals, unless otherwise noted, shall be constructed as follows: 
1. Curb shall be constructed of heavy gauge galvanized steel with continuous 


welds on shell seams. 
2. Insulation to be 1-1/2” thick, 3 lb density rigid fiberglass. 
3. Curb to have a raised 3” (minimum), 45° cant. 
4. Curb to have 1-1/2" x 1-1/2" wood nailer (minimum). 
5. Curb height to be 8” (minimum) above roof deck. 
6. Cant shall be raised to match roof insulation thickness. 
7. Cover or flashing to be constructed of galvanized steel or other suitable 


material to provide sturdy weather tight closure.  Provide collars and rubber 
nipples with draw bands of sizes required by piping.  Size curb, cover and 
nipples per manufacturer's recommendations. 


8. Manufacturer:  Roof Products Systems or Pate. 


2.7 PIPE STANDS  


A. General Requirements for Pipe Stands:  Shop- or field-fabricated assemblies made 
of manufactured corrosion-resistant components to support roof-mounted piping. 


B. Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe clamps, or 
V-shaped cradle to support pipe, for roof installation without membrane penetration. 


C. Low-Type, Single-Pipe Stand:  One-piece plastic or stainless steel base unit with 
plastic roller, for roof installation without membrane penetration. 


D. High-Type, Single-Pipe Stand: 
1. Description:  Assembly of base, vertical and horizontal members, and pipe 


support, for roof installation without membrane penetration. 
2. Base: Plastic or stainless steel. 
3. Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, 


continuous-thread rods. 







SAN DIEGO STATE UNIVERSITY SECTION 220500 
EIS COMPLEX  BASIC PLUMBING MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220500 - 19  McParlane & Associates 


4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic 
or stainless-steel, roller-type pipe support. 


E. High-Type, Multiple-Pipe Stand: 
1. Description:  Assembly of bases, vertical and horizontal members, and pipe 


supports, for roof installation without membrane penetration. 
2. Bases:  One or more; plastic. 
3. Vertical Members:  Two or more protective-coated-steel channels. 
4. Horizontal Member:  Protective-coated-steel channel. 
5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers. 


F. Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports made from 
structural-steel shapes, continuous-thread rods, and rollers, for mounting on 
permanent stationary roof curb. 


G. Manufacturer: Pate, Roof Products Systems, Portable Pipe Hangers, Roof Top Blox, 
or Erico Caddy Pyramid. 


2.8 ACCESS PANELS AND ACCESS DOORS 


A. Provide all access doors and panels to serve equipment under this work, including 
those which must be installed, in finished architectural surfaces.  Frame of 16-gauge 
steel, door of 20 gauge steel. 1” flange width, continuous piano hinge, key operated, 
prime coated.  Refer to Architectural Specifications for the required product 
Specification for each surface. Contractor is to submit schedule of access panels for 
approval.  Exact size, number and location of access panels is not shown on Plans.  
Access doors shall be of a size to permit removal of equipment for servicing.  Access 
door shall have same rating as the wall or ceiling in which it is mounted.  Provide 
access panel for each trap primer or concealed valve.  Use no panel smaller than 
12” x 12” for simple manual access, or smaller than 24" x 24" where personnel must 
pass through. Provide cylinder lock for access door serving mixing or critical valves 
in public areas. 


B. Included under this work is the responsibility for verifying the exact location and type 
of each access panel or door required to serve equipment under this work and in the 
proper sequence to keep in tune with construction and with prior approval of the 
Owner’s Representative.  Access doors in fire rated partitions and ceilings shall carry 
all label ratings as required to maintain the rating of the rated assembly. 


C. Acceptable Manufacturers:  Milcor, Karp, Nystrom, or Elmdor/Stoneman. 


D. Submit markup of architectural plans showing size and location of access panels 
required for equipment access for approval by Owner’s Representative. 


2.9 PIPING 


A. Refer to Section 221000 Plumbing Piping, Valves and Specialties 


2.10 VALVES 


A. Refer to Section 221000 Plumbing Piping, Valves and Specialties. 
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2.11 PLUMBING EQUIPMENT 


A. Refer to Section 223000 Plumbing Equipment. 


2.12 PLUMBING FIXTURES 


A. Refer to Section 224000 Plumbing Fixtures. 


2.13 CLEANOUTS 


A. Acceptable Manufacturers:  J. R. Smith, Zurn, Wade, Sioux Chief and Josam. 


B. Cleanout Plugs:  Bronze, taper thread countersunk head. 


C. Floor Cleanouts: Service weight cast-iron body and frame, flange with flashing 
clamp, adjustable cast-iron collar, caulk inside, Ty-seal or No-hub joints, neoprene 
plug gasket seal. 
1. Z1400-BZ for all.  


D. Cleanout Tee:  Cast iron cleanout tee with countersunk brass plug, neoprene plug 
gasket seal and smooth stainless steel cover. 
1. Manufacturer: Zurn Z-1446-BP or J. R. Smith 4532 S (Y) 


2.14 ROOF FLASHING 


A. Flashing:  Unless indicated otherwise on the drawings flashings for pipes through the 
roof shall be galvanized sheet metal, 24 gauge minimum << or sheet copper, 8 oz. 
per sq. ft. minimum >> with seams and joints lapped and soldered watertight.  
Coordinate with Architectural Sections for flashings and roofing. 


B. Vent Pipes:  Provide caulk type, vandalproof hood with Allen head vandal proof 
screws for all vent pipes through roof or preformed vinyl/galvanized steel assembly. 


2.15 WATER HAMMER ARRESTORS 


A. Piston Type:  Hard drawn copper construction, mirror finished internal surfaces; 
machine finished brass piston, air charged, 250 psi rated, tested and certified per 
PDI WH-201 and ASSE 1015. 


B. Manufacturers:  Watts Series 15, Precision Plumbing Series SC, or Sioux Chief. 


2.16 ANTI-CONTAMINATION WALL HYDRANTS AND HOSE BIBBS 


A. Provide fixtures of type and size as indicated in plumbing schedule on drawings, 
including features, as specified herein. 


2.17 DRAINS 


A. Provide drains of type and size as indicated in plumbing schedule on drawings, 
including features, as specified herein. 


B. Manufacturers:  J.R. Smith, Zurn, Wade, Sioux Chief, Josam and Watts. 
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2.18 TRAP PRIMER 


A. Alternate for single trap application adjacent to a flush valve toilet: One piece, 
chrome plated flush valve connection with vacuum breaker, 3/8” elbow, flex-bend 
tube connection, diverter.  Sloan VBF-72A or equal. 


2.19 BACKWATER VALVE (FOUNDATION DRAINAGE) 


A. Drain Tile Sump:  Enamel coated body with extension frame and solid cover.  Zurn # 
Z-753 or J.R. Smith #7098. 


B. Backwater Valve.  Enamel coated body and cover with removable wheel handle, 
bronze gates and flapper valve and cast iron extension.  Provide 30" diameter 
fiberglass or cast iron basin with access top, minimum.  Zurn #Z-1088 or J.R. Smith 
series 7150-Y. 


2.20 WATER METERS 


A. Water meter shall have a mechanical drive with hermetically sealed registers; meter 
shall be equal to or exceed AWWA Standards and shall have an all bronze case.  
Meter shall also include “dual-output” capability using a programmable frequency 
pulse output compatible with BAS (Building Automation System) integration.  
Coordinate BAS integration requirements with BAS Controls Installer for monitoring 
and trend logging of water use (gallons).  Provide water meter with shutoff valves on 
each side of meter.   Provide flanges on valves and support stands or wall brackets 
for meter support.  Meter shall be approved for use by local water district. 


B. Manufacturer:  Hersey Products, Niagara, Rockwell, Neptune or equal. 


2.21 IDENTIFICATION MARKERS 


A. Mechanical Identification Materials:  Provide products of categories and types 
required for each application as referenced in other Division 22 Sections.  Where 
more than single type is specified for application, selection is installer's option, but 
provide single selection for each product category.  Stencils, hand printed, painted, 
and felt pen markers are not acceptable. 


B. Plastic Pipe Markers: 
1. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to partially or 


fully cover the circumference of pipe, or insulated pipe, and to attach to pipe 
without fasteners or adhesive complying with ANSI A13.1. 


2. Pressure Sensitive Type:  Provide pre-printed, permanent adhesive, color 
coded, pressure sensitive vinyl pipe markers, complying with ANSI A13.1.  
Secure both ends of markers with color coded adhesive vinyl tape. 


3. Arrows:  Print each pipe marker with arrows indicating direction of flow, 
either integrally with piping system service lettering (to accommodate both 
directions), or as separate unit of plastic. 


4. Pipe Label Color Schedule: 
a. Domestic Water and Nonpotable Water Piping: 


1) Background Color: Green. 
2) Letter Color: White. 


b. Sanitary Sewer, Storm Drainage and Vent Piping: 
1) Background Color: Green. 
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2) Letter Color: White. 
c. Compressed-Air Piping: 


1) Background Color: Blue. 
2) Letter Color: White. 


C. Underground-Type Plastic Line Markers:  Provide 6” wide x 4 mils thick multi-ply 
tape, consisting of solid metallic foil core between 2 layers of plastic tape.  Markers 
to be permanent, bright colored, continuous printed, intended for direct burial service. 


D. Valve Tags: 
1. Brass Valve Tags:  Provide 1 1/2" diameter 19-gauge polished brass valve 


tags with stamp-engraved piping system abbreviation in 1/4” high letters and 
sequenced valve numbers 1/2” high, and with 5/32” hole for fastener.  Fill tag 
engraving with black enamel. 


2. Plastic Laminate Valve Tags:  Provide 3/32” thick engraved plastic laminate 
valve tags, with piping system abbreviations in 1/4" high letters and 
sequenced valve number 1/2" high, and with 5/32” hole for fasteners. 


3. Valve Tag Fasteners:  Provide solid brass chain (wire link or beaded type), 
or solid brass S-hooks of the sizes required for proper attachment of tags to 
valves, and manufactured specifically for that purpose. 


4. Non-potable Water Tags: 1/16” thick, engraved, plastic tags as indicated on 
Drawings. 


E. Plastic Equipment Signs: 
1. Provide 4-1/2” x 6” plastic laminate sign, ANSI A.13 color coded with 


engraved white core lettering. 
2. Fasteners:  Self-tapping stainless steel screws, except contact-type 


permanent adhesive where screws cannot or should not penetrate the 
substrate. 


3. Nomenclature:  Include the following, matching terminology on schedules as 
closely as possible: 
a. Name and plan number. 
b. Equipment service. 
c. Design capacity. 
d. Other design parameters, such as pressure drop, entering and 


leaving conditions, rpm, etc. 


F. Acceptable Manufacturers:  Craftmark, Seton, Brady, Marking Services, Inc., Brimar 
or R&R I.D. Co. 


2.22 ELECTRICAL 


A. General: 
1. All electrical material, equipment, and apparatus specified herein shall 


conform to the requirements of Division 26. 
2. Provide all motors for equipment specified herein.  Provide motor starters, 


controllers, and other electrical apparatus and wiring which are required for 
the operation of the equipment specified herein. 


3. Set and align all motors and drives in equipment specified herein. 
4. Provide expanded metal or solid sheet metal guards on all V-belt drives to 


totally enclose the drive on all sides.  Provide holes for tachometer readings. 
 Support guards separately from rotating equipment. 


5. Provide for all rotating shafts, couplings, etc., a solid sheet metal, inverted 
"U" cover over the entire length of the exposed shaft and support separately 







SAN DIEGO STATE UNIVERSITY SECTION 220500 
EIS COMPLEX  BASIC PLUMBING MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220500 - 23  McParlane & Associates 


from rotating equipment.  Cover shall extend to below the bottom of the shaft 
and coupling, and shall meet the requirements of the State Industrial Safety 
Regulations. 


6. Specific electrical requirements (i.e., horsepower and electrical 
characteristics) for plumbing equipment are scheduled on the Drawings. 


B. Quality Assurance: 
1. Electrical components and materials shall be UL or ETL listed/labeled as 


suitable for location and use - no exceptions. 


C. Motors: 
1. The following are basic requirements for simple or common motors.  For 


special motors, more detailed and specific requirements are specified in the 
individual equipment Specifications. 


2. Torque characteristics shall be sufficient to satisfactorily accelerate the 
driven loads. 


3. Motor sizes shall be large enough so that the driven load will not require the 
motor to operate in the service factor range.  Unless otherwise noted on 
plans, all motors ½ HP or larger shall be rated for 208 or 460 volt, 3-phase, 
operation.  Unless otherwise noted on plans, all motors less than 1/2 HP 
shall be rated for 120 volt, single phase operation. 


4. Temperature Rating:  Motor meets class B rise with class F insulation. 
5. Service Factor:  1.15 for poly-phase motors and 1.35 for single phase 


motors. 
6. Motor Construction:  NEMA Standard MG 1, general purpose, continuous 


duty, Design "B", except "C" where required for high starting torque. 
a. Frames:  NEMA Standard No. 48 or 56; use driven equipment 


manufacturer's standards to suit specific application. 
b. VFD driven motors.  To be provided rated for inverter duty (NEMA 


Standard MG-1, Part 31) and equipped with a shaft grounding 
device or as an insulated bearing motor. 


c. Bearings: 
1) Ball or roller bearings with inner and outer shaft seals. 
2) Re-greasable, except permanently sealed where motor is 


normally inaccessible for regular maintenance. 
3) Designed to resist thrust loading where belt drives or other 


drives product lateral or axial thrust in motor. 
4) For fractional horsepower, light duty motors, sleeve type 


bearings are permitted. 
5) Enclosure Type: 


a) Open drip-proof (ODP) motors for indoor use in 
clean air environments. 


b) Totally enclosed fan cooled (TEFC) motors for 
outdoor use and indoor application in dirty 
environments. 


c) Totally enclosed air over (TEAO) motors for motors 
in the airstream of cooling towers and fluid coolers. 


d) Guarded drip-proof motors where exposed to 
contact by employees or building occupants. 


e) Weather protected Type I for outdoor use, Type II 
where not housed. 


d. Overload Protection:  Built-in thermal overload protection where 
external overload protection is not provided and, where indicated, 
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internal sensing device suitable for signaling and stopping motor at 
starter. 


e. Noise Rating:  "Quiet.” 
f. Efficiency: 
g. Motors shall have a minimum efficiency per governing State or 


Federal codes, whichever is higher. 
h. And, motors shall meet the NEMA premium efficiency standard. 
i. Nameplate:  Indicate the full identification of manufacturer, ratings, 


characteristics, construction, special features and similar 
information. 


D. Low Voltage Control Wiring: 
1. General:  14 gauge, Type THHN, color coded, installed in conduit. 
2. Manufacturer:  General Cable Corp., Alcan Cable, American Insulated Wire 


Corp., Senator Wire and Cable Co., or Southwire Co. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Workmanship shall be performed by licensed journeymen or master mechanics and 
shall result in an installation consistent with the best practices of trades. 


B. Install work uniform, level and plumb, in relationship to lines of building.  Do not 
install any diagonal or otherwise irregular work, unless so indicated on Drawings or 
approved by Owner’s Representative. 


C. Install all items specified in this section of the Specification under the full purview of 
local and state governing agencies. 


3.2 PERFORMANCE OF WORK 


A. Examine areas, physical conditions and phasing requirements under which materials 
are to be installed.  Layout the system to suit the different types of construction and 
equipment as indicated on the drawings. 


B. Work shall start immediately after authorization has been given to proceed so that 
the overall progress of the construction is not delayed.  No foundry items to be 
installed until submittals have been approved. 


C. Coordinate with other trades as necessary to properly interface components of the 
plumbing system. 


D. Follow manufacturer's directions and recommendations in all cases where the 
manufacturers of articles used on this Contract furnish directions covering points not 
shown on the drawings or covered in these Specifications. 


E. The omission from the drawings or Specifications of any details of construction, 
installation, materials, or essential specialties shall not relieve the Contractor from 
furnishing the same in place for a complete system. 
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3.3 MANUFACTURER'S DIRECTIONS 


A. Follow manufacturers' directions and recommendations in all cases where the 
manufacturers of articles provided on this Contract furnish directions covering points 
not shown on the Drawings or covered in these Specifications. 


3.4 INSTALLATION 


A. Coordinate the work between the various Plumbing Sections and with the work 
specified under other Divisions.  If any cooperative work must be altered due to lack 
of proper supervision, coordination or failure to make proper and timely provisions, 
the alterations shall be made to the satisfaction of the Engineer and at the 
Contractor’s cost. 


B. Inspect all material, equipment, and apparatus upon delivery and do not install any 
damaged or defective materials. 


3.5 SUPPORTS AND HANGERS 


A. Prior to installation of hangers, supports, anchors, and associated work, installer 
shall meet at project site with all trades and testing agency representatives to 
coordinate work associated with placement of such work. 


B. Installation of Building Attachments:  Install building attachments at required 
locations within concrete or on structural steel for proper piping support.  Install 
additional building attachments where support is required for additional concentrated 
loads, including valves, flanges, guides, strainers, expansion joints, and at changes 
in direction of piping.  Install concrete inserts before concrete is placed.  Fasten 
insert securely to forms.  Where concrete with compressive strength less than 2,500 
psi is indicated, install reinforcing bars through opening at top of inserts. 


C. Proceed with installation of hangers, supports, and anchors only after required 
building structural work has been completed in areas where the work is to be 
installed.  Correct inadequacies including, but not limited to, proper placement of 
inserts, anchors, and other building structural attachments. 


D. Install hangers, supports, clamps, and attachments to support piping properly from 
building structure.  Arrange for grouping of parallel runs of horizontal piping to be 
supported together on trapeze type hangers where possible.  Where piping of 
various sizes is to be supported together by trapeze hangers, space hangers for 
smallest pipe size or install intermediate supports for smaller diameter pipe.  Do not 
use wire or perforated metal to support piping, and do not support piping from other 
piping. 


E. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, 
washers, and other accessories.  Except as otherwise indicated for exposed 
continuous pipe runs, install hangers and supports of same type and style as 
installed for adjacent similar piping. 


F. Prevent electrolysis in support of copper tubing by use of hangers and supports 
which are copper plated, or by other recognized industry methods. 
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G. Horizontal Hanger Spacing in accordance with following minimum schedules (other 
spacings and rod sizes may be used in accordance with the SMACNA Seismic 
Restraint Manual using a safety factor of five): 
1. Cast Iron: 
Pipe Size Max. Hanger Spacing Rod Size 
Up to 4” Each joint, 10 feet max 3/8" 
6” and larger Each joint, 10 feet max 1/2" 


2. Steel Pipe (Water Filled): 
Pipe Size Max. Hanger Spacing Rod Size 
1/2" to 1-1/4" 5 feet 3/8" 
1-1/2" to 2" 7 feet 3/8" 
2-1/2" to 3" 10 feet 1/2" 
4" and larger 10 feet 5/8" 


3. Steel Pipe (Gas/Air Filled): 
Pipe Size Max. Hanger Spacing  
1/2" to 1" 6 feet  
1-1/4" and larger 10 feet  


4. Copper Pipe: 
Pipe Size Max. Hanger Spacing  
1/2" to 1-1/2" 6 feet  
2" and larger 8 feet  


5. CPVC Pipe (Schedule 80): 
Pipe Size Max. Hanger Spacing  
1" 5 ½ feet  
1 ¼” & 2” 6 feet  


6. Caulked Bell and Spigot:  Provide hanger for each section of pipe, located at 
shoulder of bell.  Where an excessive number of fittings are installed 
between hangers, provide additional reinforcing. 


H. Vertical Support Spacing in accordance with following minimum schedules: 
1. Cast Iron: 
Pipe Size Max. Vertical Support Spacing 
All sizes Base and each floor, not to exceed 15 feet 


2. Steel Pipe (Water and Air Filled): 
Pipe Size Max. Vertical Support Spacing 
All sizes Base and every other floor, not to exceed 25 feet 


3. Steel Pipe (Gas Filled): 
Pipe Size Max. Vertical Support Spacing 
1/2" 6 feet 
3/4” to 1” 8 feet 
1-1/4” and larger Every floor level 


4. Copper Pipe: 
Pipe Size Max. Vertical Support Spacing 
All sizes Base and each floor, not to exceed 10 feet 


I. Sloping, Draining: 
1. Slope all piping as specified and as indicated, true to line and grade, and 


free of traps and air pockets.  Unless indicated otherwise, slope piping in the 
direction of flow as follows: 


 
Service Inclination Slope 
Soil and Waste Down 1/4" per foot / 1/8” per foot 4” & up 
Storm Water Down 1/4" per foot / 1/8” per foot 4” & up 


SteamSanitary DownUp (towards roof 1" per 40'1/4" per foot 
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Vent terminal) 
Steam Down 1" per 40' 


2. In steam piping, provide eccentric reducers in horizontal piping for all sizing 
changes. Where horizontal piping must be reduced in size, use eccentric 
reducers that allow continuing a uniform pitch along the bottom of the piping 
(in downward pitched systems).  Avoid concentric reducers in horizontal 
piping to avoid potential water hammer. 


3. Provide drain valves and hose adapters at low points in piping as shown on 
drawings. 


J. Provisions for Movement: 
1. Install hangers and supports to allow controlled movement of piping systems 


and to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar 
units. 


2. Load Distribution:  Install hangers and supports so that piping live and dead 
loading and stresses from movement will not be transmitted to connecting 
equipment. 


3. Insulated Piping:  Comply with the following installation requirements: 
a. Clamps:  Attach clamps, including spacers, (if any), to piping with 


clamps projecting through insulation. 
b. Shields:  Where low compressive strength insulation or vapor 


barriers are indicated on cold water piping, install shields or inserts. 


K. Installation of Anchors: 
1. Install anchors at proper locations to prevent excessive stresses and to 


prevent transfer of loading and stresses to connected equipment. 
2. Fabricate and install anchor by welding steel shapes, plates and bars to 


piping and to structure. 
3. Where expansion compensators are indicated, install anchors in accordance 


with expansion unit manufacturer's written instructions, to limit movement of 
piping and forces to maximums recommended by manufacturer for each 
unit. 


4. Anchor Spacings:  Where not otherwise indicated, install anchors at ends of 
principal pipe runs, at intermediate points in pipe runs between expansion 
loops and bends. 


L. Equipment Supports (Exclude Formed Concrete): 
1. .  Furnish to Division 03 Contractor scaled layouts of all required bases, with 


dimensions of bases, and location to column centerlines.  Furnish templates, 
anchor bolts, and accessories necessary for base construction. 


2. Provide structural steel stands to support equipment not floor mounted or 
hung from structure.  Construct of structural steel members or steel pipe and 
fittings.  Provide factory-fabricated tank saddles for tanks. 


M. Adjusting: 
1. Hanger Adjustment:  Adjust hangers so as to distribute loads equally on 


attachments. 
2. Support Adjustment:  Provide grout under supports so as to bring piping and 


equipment to proper level and elevations. 
3. Clean factory-finished surfaces.  Repair any marred or scratched surfaces 


with manufacturer's touch-up paint. 
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3.6 WALL, FLOOR, AND ROOF PENETRATION SIZING 


A. All pipe penetrations through rated and non-rated assemblies shall be sized to allow 
for compliance with structural integrity and fire ratings, as applicable.  Where sleeves 
are required to create blockout in block or concrete walls (sleeves not required for 
drywall penetrations), the sleeve size shall be installed with the inside clear diameter 
providing clearances as required below. 
1. Uninsulated pipe penetrations through non-rated walls and floors: pipe 


penetration sizes shall be a 1” (minimum) to 2” (maximum) larger than the 
outside diameter of each uninsulated pipe. 


2. Insulated pipes penetrations through non-rated walls and floors: pipe 
penetration sizes shall be a 1” (minimum) to 2” (maximum) larger than the 
outside diameter of each insulated pipe. 


3. Uninsulated pipe penetrations through fire rated walls and floors, and 
through roof: penetration sizes shall be a 1/2” (minimum) to 1-1/2” 
(maximum) larger than the outside diameter of each uninsulated pipe to 
provide minimum 1/4” annular space between the outside of the pipe surface 
and assembly.  Coordinate with specific manufacturer requirements and UL 
listing. 


4. Insulated pipe penetrations through fire rated walls and floors, and through 
roof: pipe penetration sizes shall be a 1/2” (minimum) to 1-1/2” (maximum) 
larger than the outside diameter of each insulated pipe to provide minimum 
1/4” annular space between the outside of the insulation surface and 
assembly.  Coordinate with specific manufacturer requirements and UL 
listing. 


5. Uninsulated pipe penetrations through foundation and basement walls: 
penetration sizes shall be larger than the outside diameter of each 
uninsulated pipe to allow adequate space for installation of mechanical link 
seals.  Coordinate with specific manufacturer requirements. 


3.7 WATER HAMMER ARRESTERS 


A. Install as per PDI Standard WH-20 and equipment manufacturer’s recommendation 
and as shown on working drawings.  Provide before each quick closing valve (flush 
valve, solenoid valve, etc.) or bank of fixtures. 


B. Install at each plumbing fixture, bank of fixtures, equipment and as indicated. 


3.8 ROOF CURBS, EQUIPMENT RAILS, PIPE PORTALS 


A. Install per manufacturer's instructions. 


B. Coordinate with other trades so units are installed when roofing is being installed. 


C. Verify roof insulation thickness and adjust cant to match. 


3.9 PIPING INSTALLATION 


A. The word “piping” shall mean all pipes, fittings, nipples, valves and all accessories 
connected thereto. 


B. Run piping generally parallel to the axis of the building, arranged to conform to the 
building requirements and to suit the necessities of clearance for other mechanical 
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ducts flues, conduits and work of other trades and close to ceiling or other 
construction as practical, free of unnecessary traps or bends. 


C. Run horizontal sanitary drainage at uniform pitch of not less than 1/8" per foot, 
unless otherwise indicated.  Pitch horizontal vent piping downward from stack to 
fixtures or flat as permissible per current code requirements. 


D. Ream or file each pipe to remove burrs.  Inspect each length of pipe and each fitting 
for workmanship and clear passageway. 


E. All piping shall be inspected for defects and flaws prior to installation. Remove any 
damaged piping from job site.  Piping shall be thoroughly cleaned of dirt, debris or 
rust. 


F. Cleanouts to be provided at each change in direction greater than 135° or 100' 
maximum intervals on underground piping. 


G. Cleanout elevations shall be mounted flush with finished floor elevation. 


H. Cleanouts to be same size as pipe except cleanout plugs larger than 4" shall not be 
required. 


I. Cleanouts on concealed piping to be extended through and terminate flush with the 
finished wall or floor.  Cover plates to be provided on all cleanout plugs in finished 
areas. 


J. The bodies of cleanout ferrules to conform in thickness to that required for pipe and 
fittings of the same metal. 


K. Mount piping on roof to manufactured polypropylene pipe supports: Caddy Pyramid, 
Roof Top Blox or equal. 


3.10 VIBRATION CONTROL ISOLATORS  


A. Comply with manufacturer's recommendations for selection and application of 
vibration isolation materials and units except as otherwise indicated.  Comply with 
minimum static deflections recommended by ASHRAE, of vibration isolation 
materials and units where not otherwise indicated. 


B. Comply with manufacturer's instructions for installation and load application to 
vibration control materials and units except as otherwise indicated.  Adjust to ensure 
that units have equal deflection, do not bottom out under loading, and are not 
short-circuited by other contacts or bearing points.  Remove space blocks and 
similar devices intended for temporary support during installation. 


C. Install units between substrate and equipment as required for secure operation and 
to prevent displacement by normal forces, and as indicated. 


D. Adjust leveling devices as required to distribute loading uniformly onto isolators.  
Shim units as required where substrate is not level. 


E. Flexible Pipe Connectors:  Install on equipment side of shutoff valves. 
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F. Upon completion of vibration control work, prepare report showing measured 
equipment deflections for each major item of equipment as indicated.  Clean each 
vibration control unit, and verify that each is working freely, and that there is no dirt or 
debris in immediate vicinity of unit that could possibly short-circuit unit isolation.  


3.11 ELECTRICAL COORDINATION 


A. Division 22 installers shall coordinate with Division 26 work to provide complete 
systems as required to operate all mechanical devices installed under this Division of 
work. 


B. Installation of Electrical Connections:  Furnish, install, and wire (except as may be 
otherwise indicated) all heating, ventilating, air conditioning, etc., motors and controls 
in accordance with the drawings and in accordance with equipment manufacturer’s 
written instructions and with recognized industry practices, and complying with 
applicable requirements of UL, CEC, and NECA’s “Standard of Installation” to ensure 
that products fulfill requirements. 


C. Division 22 has responsibilities for electrically powered plumbing equipment which is 
specified in Division 22 Specifications or scheduled on Division 22 Drawings as 
follows: 
1. Motors:  Furnish and install all motors necessary for mechanical equipment. 
2. Magnetic Starters:  If the starter is factory installed on a piece of Division 22 


equipment, also furnish and install the power wiring between starter and 
motor. 


3. Variable Frequency Drives: Provide all VFD’s associated with fire protection 
equipment.  If the drive is installed on a piece of factory assembled 
equipment the wiring between motor and drive is to be provided as part of 
the factory equipment. 


4. Disconnects: Provide the disconnects which are part of factory wired Division 
22 equipment.  Factory wiring to include wiring between motor and 
disconnect or combination starter/disconnect. 


5. Controls: Division 22 Contractor (including the Building Automation System 
(BAS) Controls subcontractor) is responsible for furnishing the following 
equipment in its entirety.  This equipment includes but is not limited to the 
following: 
a. Control relays necessary for controlling Division 22 equipment. 
b. Control transformers necessary for providing power to controls for 


Division 22 equipment. 
c. Low or non-load voltage control components. 
d. Non-life safety related valve or damper actuators. 
e. Float switches. 
f. Solenoid valves, EP and PE switches. 
g. Communications wiring and conduit between control devices and 


plumbing equipment. 
h. Raceway to support control cabling. 


D. Division 26 Electrical Responsibilities: 
1. Motors:  Provide the power wiring for the motors from servicing panel to 


motor controller. 
2. Magnetic Starters:  Except where magnetic starters are factory installed on 


Division 22 factory assembled equipment, Division 26 is to provide and 
install magnetic starters and install the necessary power wiring to and from 
the starter to the motor.  In the case of factory installed starters, Division 26 







SAN DIEGO STATE UNIVERSITY SECTION 220500 
EIS COMPLEX  BASIC PLUMBING MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 220500 - 31  McParlane & Associates 


is to install the necessary power wiring from source panel/disconnect to the 
starter. 


3. Variable Frequency Drives:  Provide the necessary power wiring to the VFD 
and from the VFD to the motor except in the case of factory installed VFD’s 
where wiring between the motor and VFD is to be by Division 22. 


4. Disconnects:  Provide all disconnects necessary for Division 22 equipment 
which are not provided as part of factory wired Division 22 equipment.  
Provide power wiring to all disconnects.  In addition provide power wiring 
between motor and disconnect when the disconnect is not factory installed. 


5. Controls:  Division 26 is responsible for providing power to control panels 
and provide final power connection to Division 22 provided control 
transformers. 


6. Fire Sprinkler System:  Division 26 is responsible for providing power wiring 
to fire protection controls including flow switches and alarm bells. 


7. Specialized fire suppression systems: Division 26 is responsible for providing 
power wiring to suppression system and its controls. 


3.12 IDENTIFICATION MARKERS 


A. General:  Where identification is to be applied to surfaces which require insulation, 
painting, or other covering or finish, including valve tags in finished mechanical 
spaces, install identification after completion of covering and painting.  Install 
identification prior to installation of acoustical ceilings and similar removable 
concealment. 


B. Piping System Identification: 
1. Install pipe markers on each system indicated to receive identification, and 


include arrows to show normal direction of flow. 
2. Locate pipe markers as follows: 


a. Near each valve and control device. 
b. Near each branch, excluding short takeoffs for fixtures and terminal 


units.  Where flow pattern is not obvious, mark each pipe at branch. 
c. Near locations where pipes pass through walls, floors, ceilings, or 


inaccessible enclosures. 
d. At access doors, manholes, and similar access points which permit 


view of concealed piping. 
e. Near major equipment items and other points of origination and 


termination. 
f. Spaced horizontally at maximum spacing of 50' along each piping 


run, with minimum of one in each room.  Vertically spaced at each 
story transversed. 


C. Underground Piping Identification:  During backfilling/topsoiling of each exterior 
underground piping system, install continuous underground-type plastic line marker, 
located directly over buried line at 6” to 8” below finished grade.  Where multiple 
small lines are buried in common trench and do not exceed overall width of 16”, 
install single line marker. 


D. Plumbing Equipment Identification:  Locate engraved plastic laminate signs on or 
near each major item of plumbing equipment and each operational device.  Provide 
signs for the following: 
1. Pumps, compressors and similar motor-driven units. 
2. Hot water system mixing valves and similar equipment. 
3. Water heaters, heat exchangers and similar equipment. 
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4. Tanks and pressure vessels. 


E. Text of Signs:  In addition to name of identified unit, provide lettering to distinguish 
between multiple units.  Equipment signs shall include an identification of the area or 
other equipment served by the equipment being labeled. 


F. Gas pressure regulators shall have metal tags attached statingupstream natural gas 
pressure.  Do not remove." 


3.13 CLEANING EQUIPMENT AND MATERIALS 


A. In addition to the requirements of Section 220500, provide for the safety and good 
condition of all materials and equipment until final acceptance by the Owner’s 
Representative.  Protect all materials and equipment from damage. Provide 
adequate and proper storage facilities during the progress of the work.  Special care 
to be taken to provide protection for bearings, open connections, pipe coils, pumps, 
compressors, and similar equipment. 


B. All piping, finished surfaces, and equipment to have all grease, adhesive labels, and 
foreign materials removed. 


C. All piping to be drained and flushed to remove grease and foreign matter.  Pressure 
regulating assemblies, traps, flush valves, and similar items shall be thoroughly 
cleaned.  Remove and thoroughly clean and reinstall all liquid strainer screens after 
the system has been in operation for ten days. 


D. When connections are to be made to existing systems, the Contractor is to do all 
cleaning and purging of the existing systems required to restore them to the 
condition existing prior to the start of work. 


3.14 TESTING 


A. Provide all tests specified herein, in other Division 22 Sections, and as otherwise 
required.  Provide all test equipment, including test pumps, gauges, instruments, and 
other equipment required.  Test all rotational equipment for proper direction of 
rotation.  Upon completion of testing, certify to the Owner’s Representative, in 
writing, that the specified tests have been performed and that the installation 
complies with the specified requirements and provide a report of the test 
observations signed by qualified inspector. 


B. Owner’s Representative to witness all field tests and conduct all field inspections.  
The Contractor to give the Owner’s Representative ample notice of the dates and 
times scheduled for tests.  Any deficiencies to be completely retested at no additional 
cost. 


C. Inspection to continue during installation and testing.  Perform a final inspection of 
the equipment prior to installation to determine conformity to the type, class, grade, 
size, capacity, and other characteristics specified herein or indicated.  Correct or 
replace all rejected equipment prior to installation. 
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3.15 DISINFECTING - PLUMBING SYSTEMS 


A. Disinfection of potable water distribution system shall be as prescribed by the local 
health authority or the following minimum requirement.  After pressure tests have 
been made thoroughly flush the entire domestic water distribution system with water 
until all entrained dirt and mud have been removed, and sterilize by chlorinating 
material.  The chlorinating material shall be liquid chlorine.  The chlorinating material 
shall provide a dosage of not less than 50 parts per million and shall be introduced 
into the system or part thereof in an approved manner.  Retain the treated water in 
the pipe for 24 hours, or, fill the system or part thereof with a water-chlorine solution 
containing at least 200 parts per million of chlorine and allow to stand for three (3) 
hours.  Open and close all valves in the system being disinfected three times during 
the contact period.  Then flush the system with clean potable water until the residual 
chlorine is reduced to less than 1.0 ppm.  During the flushing period open and close 
all valves and faucets three times.  From at least three divergent points in the 
system, take samples of water in properly sterilized containers for bacterial 
examination.  Repeat the disinfecting until tests indicate that satisfactory 
bacteriological results have been obtained. 


B. Taking of samples shall be witnessed by Owner’s Representative.  Samples are to 
be taken and tested by an independent analytical testing laboratory.  Written reports 
shall be supplied to Owner’s Representative for approval. 


3.16 OPERATING TESTING AND CERTIFICATION - PLUMBING SYSTEMS 


A. Upon completion and disinfection, and prior to acceptance of the installation, the 
Contractor to subject the plumbing system to operating tests to demonstrate 
satisfactory, functional, and operating efficiency.  Such operating tests to include the 
following information in a report with conclusions as to the adequacy of the system. 
1. Time, date, and duration of tests. 
2. Water pressures at most remote location. 
3. Operation of all valves and hydrants. 
4. Operation of all floor drains by flooding with water. 
5. Quality of domestic water. 
6. Read all indicating instruments at half-hour intervals unless otherwise 


directed. Supply four copies of the test report to the Owner’s Representative. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work under this Section shall comply with the requirements of General Conditions, Supplemental Conditions, Special Conditions and Division 01 - General Requirements, and all Plumbing Sections specified herein.



		1.2 SUMMARY

		1.3 SCOPE OF THIS SECTION

		A. Work to be furnished and installed under this Section shall include, but not necessarily be limited to, the following:



		1.4 DESCRIPTION OF WORK

		A. The Contract Documents, including Specifications and Construction Drawings, are intended to include all material and labor to install complete plumbing systems for the building and shall interface with all existing building systems affected by new construction.  Refer to project narrative and basis of design for scope of work to be included in all systems.

		B. The Contractor shall refer to the architectural interior details, floor plans, elevations, and the structural and other Contract Drawings and shall coordinate the work with that of the other trades to avoid interference.  The plans are diagrammatic and show generally the locations of the fixtures, equipment, and pipe lines and are not to be scaled; all dimensions and existing conditions shall be checked at the building.

		C. The Contractor shall comply with the project closeout requirements as detailed in General Requirements of Division 01.

		D. Where project involves interface with existing building and/or site systems, existing utilities and services have been indicated on the drawings to the extent possible based on available record drawings.  The Contractor shall thoroughly familiarize themselves with existing conditions and be aware that in some cases information is not available as to concealed conditions, which exist in portions of the existing building affected by this work.

		E. Refer to Basis of Design on drawings.  Systems as specified under this section shall include but not necessarily be limited to the following:



		1.5 SUBMITTALS

		A. Prior to construction submit for approval all materials and equipment in accordance with Division 01.  Submit manufacturer's data, installation instructions, and maintenance and operating instructions for all components of this section including, but not limited to, the following:



		1.6 DESCRIPTION OF BID DOCUMENTS

		A. Specifications:

		B. Drawings:



		1.7 DEFINITIONS

		A. "Above Grade":  Not buried in the ground and not embedded in concrete slab on ground.

		B. "Actuating" or "Control" Devices:  Automatic sensing and switching devices such as thermostats, pressure, float, electro-pneumatic switches and electrodes controlling operation of equipment.

		C. "Below Grade":  Buried in the ground or embedded in concrete slab on ground.

		D. "Concealed":  Embedded in masonry or other construction, installed in furred spaces, within double partitions or hung ceilings, in trenches, in crawl spaces, or in enclosures.  In general, any item not visible or directly accessible.

		E. "Connect":  Complete hook-up of item with required service.

		F. "Exposed":  Not installed underground or "concealed."

		G. "Furnish":  To supply equipment and products as specified.

		H. "Indicated," "Shown" or " "Noted":  As indicated, shown or noted on Drawings or Specifications.

		I. "Install":  To erect, mount and connect complete with related accessories.

		J. “Lead Free”: Materials containing not more than 0.2 percent lead when used with respect to solder and flux and not more than a weighted average of 0.25 percent when used with respect to the wetted surfaces of pipes and pipe fittings, plumbing fittings, and fixtures, providing a specified definition and formula for determining “weighted average”.

		K. "Motor Controllers":  Manual or magnetic starters (with or without switches), individual push buttons or hand-off-automatic (HOA) switches controlling the operation of motors.

		L. "Must":  A desire to complete the specified task.  Allows some flexibility in application as opposed to "Shall."

		M. “NRTL”: Nationally Recognized Testing Laboratory, including UL and/or ETL.

		N. "Piping":  Pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports, unions, traps, drains, insulation, and related items.

		O. "Provide":  To supply, install and connect as specified for a complete, safe and operationally ready system.

		P. "Reviewed," "Satisfactory" or "Directed":  As reviewed, satisfactory, or directed by or to Architect/Engineer/Owner’s Representative.

		Q. "Rough-In":  Provide all indicated services in the necessary arrangement suitable for making final connections to fixture or equipment.

		R. "Shall":  An exhortation or command to complete the specified task.

		S. "Similar" or "Equal":  Of base bid manufacture, equal in materials, weight, size, design, and efficiency of specified products.

		T. "Supply":  To purchase, procure, acquire and deliver complete with related accessories.

		U. “Typical” or “Typ”:  Exhibiting the qualities, traits, or characteristics that identify a kind, class, number, group or category.  Of or relating to a representative specimen.  Application shall apply to all other similarly identified on plan or detail.

		V. "Will":  A desire to complete the specified task.  Allows some flexibility in application as opposed to "Shall."

		W. "Wiring":  Raceway, fittings, wire, boxes and related items.

		X. "Work":  Labor, materials, equipment, apparatus, controls, accessories, and other items required for proper and complete installation.



		1.8 RELATED WORK SPECIFIED ELSEWHERE

		A. All Division 22 Plumbing sections included herein.

		B. Division 01:  General Requirements

		C. Division 02:  Existing Conditions

		D. Division 03:  Concrete.

		E. Division 07:  Thermal and Moisture Protection.

		F. Division 09:  Finishes:

		G. Division 26:  Electrical is related to work of:



		1.9 CODES AND STANDARDS

		A. The Contractor is cautioned that code requirements not explicitly detailed in these specifications or drawings, but which may be reasonably inferred or implied from the nature of the project, must be provided as part of the contract.

		B. Perform all tests required by governing authorities and required under all Division 22 Sections.  Provide written reports on all tests.

		C. Electrical devices and wiring shall conform to the 2013 standards of CEC; all devices shall be UL listed and labeled.

		D. All accessible plumbing work shall comply with the Americans with Disabilities Act (ADA) and local amendments.  Compliance requirements applicable to plumbing work includes, but is not limited to, the following:

		E. All excavation work must comply with all provisions of state laws including notification to all owners of underground utilities at least 48 business day hours, but not more than 10 business days, before commencing an excavation.

		F. Provide in accordance with rules and regulations of the following:

		G. All accessible plumbing work shall comply with the Americans with Disabilities Act (ADA) and local amendments.  Compliance requirements applicable to plumbing work includes, but is not limited to, the following ADA requirements:

		H. Provide in accordance with appropriate referenced standards of the following:



		1.10 QUALITY ASSURANCE

		A. Manufacturer's Nameplates:  Nameplates on manufactured items shall be affixed to each piece of equipment and resistant to ambient conditions.

		B. Current Models.  All work shall be as follows:



		1.11 GENERAL REQUIREMENTS

		A. Examine all existing conditions at building site.

		B. Review contract documents and technical specifications for extent of new work to be provided.

		C. Provide and pay for all permits, licenses, fees and inspections.

		D. Install equipment and materials to provide required access for servicing and maintenance.  Coordinate the final location of concealed equipment and devices requiring access with final location of required access panels and doors.  Allow ample space for removal of all parts that require replacement or servicing.  This work shall include furnishing  all access doors required for mechanical access.

		E. Verify final locations for rough-ins with field measurements and with the requirements of the actual equipment to be connected.  Refer to Equipment Specifications in Divisions 02 through 48 for rough-in requirements.

		F. Coordinate plumbing equipment and materials installation with other building components.

		G. Verify all dimensions by field measurements.

		H. Arrange for chases, slots, and openings in other building components to allow for plumbing installations.

		I. Coordinate the installation of required supporting devices and sleeves to be set in poured-in-place concrete and other structural components, as they are constructed.

		J. Coordinate the cutting and patching of building components to accommodate the installation of mechanical equipment and materials.  Contractor to provide for all cutting and patching required for installation of his work unless otherwise noted.

		K. Where mounting heights are not detailed or dimensioned, install plumbing services and overhead equipment to provide the maximum headroom possible.

		L. Install plumbing equipment to facilitate maintenance and repair or replacement of equipment components.  Connect equipment for ease of disconnecting, without interference with other installations.

		M. Coordinate the installation of plumbing materials and equipment above ceilings with ductwork, piping, conduits, suspension system, light fixtures, cable trays, sprinkler piping and heads, and other installations.

		N. Coordinate connection of plumbing systems with exterior underground and overhead utilities and services.  Comply with requirements of governing regulations, franchised service companies, and controlling agencies.  Provide required connection for each service within 5 feet of building.

		O. Coordinate with Owner’s Representative in advance to schedule shutdown of existing systems to make new connections.  Provide valves in new piping to allow existing system to be put back in service with minimum down time.

		P. All materials (such as insulation, piping, wiring, controls, etc.) located within air plenum spaces, air shafts, and occupied spaces shall have a flame-spread index of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) Method.  In addition, the products, when tested, shall not drip flame particles, and flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or listing, or satisfactory certified test report from an approved testing laboratory to prove the fire hazard ratings for materials proposed for use do not exceed those specified.

		Q. Coordinate installation of floor drains and floor sinks with work of other trades.  Finished floors shall slopes to floor drains as shown on architectural drawings.  Floor sinks will typically be installed flush with surrounding floor.  Review plans and design intent for floor sinks that may require elevated rims.

		R. Products made of or containing lead, asbestos, mercury or other known toxic or hazardous materials are not acceptable for installation under this Division.  Any such products installed as part of the work of the Division shall be removed and replaced and all costs for removal and replacement shall be borne solely by the installing Contractor.

		S. Pipes, pipe fittings, plumbing fittings and fixtures that come into contact with the wetted surface of a public water system or any plumbing in a facility providing water for human consumption shall be “Lead Free”.



		1.12 MINOR DEVIATIONS

		A. The Drawings are diagrammatic and show the general arrangements of all plumbing work and requirements to be performed.  It is not intended to show or indicate all offsets, fittings, and accessories which will be required as a part of the work of this Section.

		B. Minor deviations in order to avoid conflict shall be permitted where the design intent is not altered.

		C. Advise the Owner’s Representative, in writing, in the event a conflict occurs in the location or connection of equipment.  Bear all costs for relocation of equipment, resulting from failure to properly coordinate the installation or failure to advise the Owner’s Representative of conflict.



		1.13 PRODUCT SUBSTITUTIONS

		A. The Contractor shall certify the following items are correct when using substituted products other than those scheduled or shown on the drawings as a basis of design:

		B. The Contractor further certifies function, appearance, and quality of proposed substitution are equivalent or superior to specified item.

		C. The Contractor agrees that the terms and conditions for the substituted product that are found in the contract documents apply to the proposed substitution.



		1.14 SHOP DRAWINGS AND EQUIPMENT SUBMITTALS

		A. Provide submittals for all materials and equipment in accordance with Division 01 requirements.

		B. After approval of preliminary list of materials, the Contractor shall submit Shop Drawings and manufacturer's Certified Drawings to the Owner’s Representative for review and approval.

		C. The Contractor shall submit approved Shop Drawings and manufacturer's equipment cuts, of all equipment requiring connection by Division 26, to the Electrical Contractor for final coordination of electrical requirements.  Contractor shall bear all additional costs for failure to coordinate with Division 26.

		D. Submittals and Shop Drawings:



		1.15 COORDINATION DOCUMENTS/SHOP DRAWINGS

		A. The Contractor shall prepare coordinated Shop Drawings.

		B. The coordination work shall be prepared as follows:

		C. Advise the Owner’s Representative in the event a conflict occurs in the location or connection of equipment.  Bear all costs for relocation of equipment, resulting from failure to properly coordinate the installation or failure to advise the Owner’s Representative of conflict.

		D. Verify in field exact size, location, invert, and clearances regarding all existing material, equipment and apparatus, and advise the Owner’s Representative of any discrepancies between those indicated on the Drawings and those existing in the field prior to any installation related thereto.

		E. Final Coordination Drawings with all appropriate information added are to be submitted as Record Drawings at completion of project.



		1.16 REQUESTS FOR INFORMATION (RFIS)

		A. General: Immediately on discovery of the need for additional information or interpretation of the Contract Documents, Contractor shall prepare and submit an RFI in the form specified (refer to Division 01).

		B. Content of the RFI: Include a detailed, legible description of item needing information or interpretation and the following:

		C. Engineer’s Action: Engineer will review each RFI, determine action required, and respond. Allow a minimum three business days for Engineer's response for each RFI, plus additional 2 days time for Architect and General Contractor to review and forward. RFIs received by Engineer after 1:00 p.m. will be considered as received the following working day.



		1.17 RECORD DOCUMENTS

		A. Maintain set of Coordination Documents (drawings and specifications) marked “Record Set” at the job site at all times, and use it for no other purpose but to record on it all the changes and revisions during construction.

		B. Record Drawings shall indicate revisions to piping, size and location both exterior and interior; including locations control devices, and equipment requiring periodic maintenance or repair; actual equipment locations, dimensioned from column lines; actual inverts and locations of underground piping; concealed equipment, dimensioned to column lines; mains and branches of piping systems, with valves and control devices located and numbered, concealed unions located, and with items requiring maintenance (i.e. – valves, traps, strainers, expansion compensators, tanks, etc.).

		C. Record Specifications shall indicate approved substitutions; Change Orders; and actual equipment and materials provided.

		D. At the completion of the construction transfer all “Record Set” notations to a clean set of drawings and specifications in a neat and orderly fashion that incorporates all site markups to clearly show all changes and revisions to the Contract Documents.  Submit copies of Record Documents and CD/DVD disks labeled with all drawings and specifications and other supporting documentation.

		E. Refer also to Division 01 for full scope of requirements.



		1.18 INSTRUCTION, MAINTENANCE, AND O&M MANUALS

		A. O&M Manuals:  Contractor shall submit to the Owner’s Representative complete set of operating instructions, maintenance instructions, part lists, and all other bulletins and brochures pertinent to the operation and maintenance for equipment furnished and installed as specified in this section.

		B. The Contractor shall be responsible for proper instruction of Owner's personnel for operation and maintenance of equipment, and apparatus installed as specified in Division 22, to be no less than two (2) hours for each type of equipment.

		C. Refer to Division 01 for additional requirements.



		1.19 DELIVERY, STORAGE AND HANDLING

		A. Deliver products to project properly identified with manufacturer’s names, model numbers, types, grades, compliance labels, and similar information needed for distinct identifications; adequately packaged and protected to prevent damage during shipment, storage, and handling.

		B. Store equipment and materials in an environmentally controlled area at the site, unless off-site storage is authorized in writing.  Protect stored equipment and materials from damage.  Piping and equipment that is damaged or showing signs of rust shall be removed from site and replaced with new.



		1.20 START-UP SERVICE

		A. Prior to start-up, assure that systems are ready for start-up and commissioning, including checking the following:  proper equipment rotation, proper wiring, auxiliary connections, lubrication, venting, controls, and installed and properly set relief and safety valves.

		B. Provide services of factory-trained technicians for start-up of controls, pumps, water heaters, and other major pieces of equipment.  Certify in writing, compliance with this paragraph, stating names of personnel involved and the date work was performed.

		C. Refer to other Division 01 and Division 22 sections for additional requirements.



		1.21 CLEANING AND CLOSING

		A. All work shall be inspected, tested, and approved before being concealed or placed in operation.

		B. Upon completion of the work, all equipment installed as specified in this section, and all areas where work was performed, shall be cleaned (areas by General Contractor) to provide operating conditions satisfactory to the Owner’s Representative.



		1.22 WARRANTIES 

		A. All equipment shall be provided with a minimum one-year (12 months) warranty from the date of Certificate of Occupancy.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.  Refer to individual Equipment Specifications for extended or longer-term warranty requirements.

		B. Provide complete warranty information for each item, to include product or equipment, date of beginning of warranty or bond; duration of warranty or bond; and names, addresses, telephone numbers and procedures for filing a claim and obtaining warranty services.

		C. Contractor shall provide maintenance service as specified elsewhere during the 12-month warranty period.



		1.23 GUARANTEE

		A. The Contractor shall guarantee and service all workmanship and materials to be as represented by him and shall repair or replace, at no additional cost to the Owner, any part thereof which may become defective within the period of one (1) year after the Date of Final Acceptance, ordinary wear and tear excepted.

		B. Contractor shall be responsible for and pay for any damages caused by or resulting from defects in their work.



		1.24 COMMISSIONING 

		A. Commissioning requires the participation of Division 22 plumbing contractor to work to ensure that all systems are operating in a manner consistent with the construction documents and the design intent.  The general commissioning requirements and coordination are detailed in Division 1 and in Division 23.  This Division shall be familiar with all parts of Division 1 and Division 23 and the commissioning plan issued by the Commissioning Authority and shall execute all commissioning responsibilities assigned to them in the Contract Documents.

		B. The plumbing contractor is responsible for assisting the commissioning agent throughout the entire commissioning process on the work under their section.  The work is not complete until the commissioning agent and the University has signed off on the commissioned systems.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Furnish and install all new material, equipment, and apparatus hereinafter specified unless specifically noted otherwise.  All material, equipment, and apparatus shall be identified by the manufacturer's name, nameplate, and pertinent data.

		B. All materials, equipment, and apparatus are mentioned as standards unless noted otherwise.  The words "or approved equal" shall be considered to be subsequent to all manufacturers’ names used herein, unless specifically noted that substitutes are not allowed.



		2.2 GENERAL

		A. All materials and equipment under this Division of the Specifications shall be new, of best grade and as listed in printed catalogs of the manufacturer.

		B. All manufactured materials shall be delivered and stored in their original containers.  Equipment shall be clearly marked or stamped with the manufacturer's name and rating.

		C. For secure facilities, schools and public safety buildings exposed equipment and access shall be Vandal Proofed.  One type of vandal proof screw is to be used throughout this facility.  Coordinate with General Contractor for type.

		D. The following products to be included as part of this work but specified under Section 220500 Basic Plumbing Materials and Methods and Section 221123 Plumbing Piping, Valves and Specialties:

		E. Plumbing Fixtures:  Refer to Section 224000.

		F. Plumbing Equipment:  Refer to Section 223000.

		G. Products made of, or containing, lead, asbestos, mercury, or other known toxic or hazardous materials are not acceptable for installation under this Section.  Any such products installed as part of the work of this Section shall be removed and replaced and all costs for removal and replacement shall be borne solely by the Contractor(s).



		2.3 SUPPORTS AND ANCHORS

		A. General:  Comply with applicable codes pertaining to product materials and installation of supports and anchors, including, but not limited to, the following:

		B. Horizontal Piping Hangers and Supports:  Except as otherwise indicated, provide factory�fabricated hangers and supports of one of the following MSS types listed.

		C. Horizontal Cushioned Pipe Clamp:  Where pipe hangers are called out to absorb vibration or shock install a piping clamp with thermoplastic elastomer insert.  Cush-A-Clamp or equal.

		D. Vertical Piping Clamps:  Provide factory�fabricated two-bolt vertical piping riser clamps, MSS Type 8.

		E. Hanger�Rod Attachments:  Except as otherwise indicated, provide factory�fabricated hanger�rod attachments of one of the following MSS types listed.

		F. Building Attachments:  Except as otherwise indicated, provide factory�fabricated building attachments of one of the following types listed.

		G. Insulate around hanger/hanger tight to piping. 

		H. Miscellaneous Materials:



		2.4 SEISMIC RESTRAINT/VIBRATION ISOLATION REQUIREMENTS

		A. Equipment, piping, and all system appurtenances (including weight of normal operating contents) shall be adequately restrained to resist seismic forces.  Restraint devices shall be designed and selected to meet seismic requirements as defined in the latest code editions with State Amendments, applicable local codes, and applicable Importance Factors and Soil Factors.  Refer to Section 220548 Vibration Isolation for Plumbing Equipment or Section 220549 Seismic Restraint for Plumbing Piping and Equipment, as applicable.



		2.5 THROUGH-PENETRATION FIRESTOP ASSEMBLIES

		A. Through-penetration firestop assemblies and caulking systems as required to maintain the fire/smoke integrity of the penetrated surface and install per manufacturer’s installation instructions.  Refer to drawings for additional requirements.

		B. Manufacturers: 3M, Hilti, ProSet or equal.



		2.6 PIPE PORTALS

		A. Where pipe portals are not provided by other sections of Specification, provide prefabricated insulated pipe portals as required for piping penetrating through the roof where shown on plans.  Field built pipe portals are acceptable alternatives - provide detail of construction for review.

		B. Standard pipe portals, unless otherwise noted, shall be constructed as follows:



		2.7 PIPE STANDS 

		A. General Requirements for Pipe Stands:  Shop- or field-fabricated assemblies made of manufactured corrosion-resistant components to support roof-mounted piping.

		B. Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe clamps, or V-shaped cradle to support pipe, for roof installation without membrane penetration.

		C. Low-Type, Single-Pipe Stand:  One-piece plastic or stainless steel base unit with plastic roller, for roof installation without membrane penetration.

		D. High-Type, Single-Pipe Stand:

		E. High-Type, Multiple-Pipe Stand:

		F. Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports made from structural-steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof curb.

		G. Manufacturer: Pate, Roof Products Systems, Portable Pipe Hangers, Roof Top Blox, or Erico Caddy Pyramid.



		2.8 ACCESS PANELS AND ACCESS DOORS

		A. Provide all access doors and panels to serve equipment under this work, including those which must be installed, in finished architectural surfaces.  Frame of 16-gauge steel, door of 20 gauge steel. 1” flange width, continuous piano hinge, key operated, prime coated.  Refer to Architectural Specifications for the required product Specification for each surface. Contractor is to submit schedule of access panels for approval.  Exact size, number and location of access panels is not shown on Plans.  Access doors shall be of a size to permit removal of equipment for servicing.  Access door shall have same rating as the wall or ceiling in which it is mounted.  Provide access panel for each trap primer or concealed valve.  Use no panel smaller than 12” x 12” for simple manual access, or smaller than 24" x 24" where personnel must pass through. Provide cylinder lock for access door serving mixing or critical valves in public areas.

		B. Included under this work is the responsibility for verifying the exact location and type of each access panel or door required to serve equipment under this work and in the proper sequence to keep in tune with construction and with prior approval of the Owner’s Representative.  Access doors in fire rated partitions and ceilings shall carry all label ratings as required to maintain the rating of the rated assembly.

		C. Acceptable Manufacturers:  Milcor, Karp, Nystrom, or Elmdor/Stoneman.

		D. Submit markup of architectural plans showing size and location of access panels required for equipment access for approval by Owner’s Representative.



		2.9 PIPING

		A. Refer to Section 221000 Plumbing Piping, Valves and Specialties



		2.10 VALVES

		A. Refer to Section 221000 Plumbing Piping, Valves and Specialties.



		2.11 PLUMBING EQUIPMENT

		A. Refer to Section 223000 Plumbing Equipment.



		2.12 PLUMBING FIXTURES

		A. Refer to Section 224000 Plumbing Fixtures.



		2.13 CLEANOUTS

		A. Acceptable Manufacturers:  J. R. Smith, Zurn, Wade, Sioux Chief and Josam.

		B. Cleanout Plugs:  Bronze, taper thread countersunk head.

		C. Floor Cleanouts: Service weight cast�iron body and frame, flange with flashing clamp, adjustable cast-iron collar, caulk inside, Ty-seal or No-hub joints, neoprene plug gasket seal.

		D. Cleanout Tee:  Cast iron cleanout tee with countersunk brass plug, neoprene plug gasket seal and smooth stainless steel cover.



		2.14 ROOF FLASHING

		A. Flashing:  Unless indicated otherwise on the drawings flashings for pipes through the roof shall be galvanized sheet metal, 24 gauge minimum << or sheet copper, 8 oz. per sq. ft. minimum >> with seams and joints lapped and soldered watertight.  Coordinate with Architectural Sections for flashings and roofing.

		B. Vent Pipes:  Provide caulk type, vandalproof hood with Allen head vandal proof screws for all vent pipes through roof or preformed vinyl/galvanized steel assembly.



		2.15 WATER HAMMER ARRESTORS

		A. Piston Type:  Hard drawn copper construction, mirror finished internal surfaces; machine finished brass piston, air charged, 250 psi rated, tested and certified per PDI WH�201 and ASSE 1015.

		B. Manufacturers:  Watts Series 15, Precision Plumbing Series SC, or Sioux Chief.



		2.16 ANTI-CONTAMINATION WALL HYDRANTS AND HOSE BIBBS

		A. Provide fixtures of type and size as indicated in plumbing schedule on drawings, including features, as specified herein.



		2.17 DRAINS

		A. Provide drains of type and size as indicated in plumbing schedule on drawings, including features, as specified herein.

		B. Manufacturers:  J.R. Smith, Zurn, Wade, Sioux Chief, Josam and Watts.



		2.18 TRAP PRIMER

		A. Alternate for single trap application adjacent to a flush valve toilet: One piece, chrome plated flush valve connection with vacuum breaker, 3/8” elbow, flex-bend tube connection, diverter.  Sloan VBF-72A or equal.



		2.19 BACKWATER VALVE (FOUNDATION DRAINAGE)

		A. Drain Tile Sump:  Enamel coated body with extension frame and solid cover.  Zurn # Z-753 or J.R. Smith #7098.

		B. Backwater Valve.  Enamel coated body and cover with removable wheel handle, bronze gates and flapper valve and cast iron extension.  Provide 30" diameter fiberglass or cast iron basin with access top, minimum.  Zurn #Z-1088 or J.R. Smith series 7150-Y.



		2.20 WATER METERS

		A. Water meter shall have a mechanical drive with hermetically sealed registers; meter shall be equal to or exceed AWWA Standards and shall have an all bronze case.  Meter shall also include “dual-output” capability using a programmable frequency pulse output compatible with BAS (Building Automation System) integration.  Coordinate BAS integration requirements with BAS Controls Installer for monitoring and trend logging of water use (gallons).  Provide water meter with shutoff valves on each side of meter.   Provide flanges on valves and support stands or wall brackets for meter support.  Meter shall be approved for use by local water district.

		B. Manufacturer:  Hersey Products, Niagara, Rockwell, Neptune or equal.



		2.21 IDENTIFICATION MARKERS

		A. Mechanical Identification Materials:  Provide products of categories and types required for each application as referenced in other Division 22 Sections.  Where more than single type is specified for application, selection is installer's option, but provide single selection for each product category.  Stencils, hand printed, painted, and felt pen markers are not acceptable.

		B. Plastic Pipe Markers:

		C. Underground�Type Plastic Line Markers:  Provide 6” wide x 4 mils thick multi�ply tape, consisting of solid metallic foil core between 2 layers of plastic tape.  Markers to be permanent, bright colored, continuous printed, intended for direct burial service.

		D. Valve Tags:

		E. Plastic Equipment Signs:

		F. Acceptable Manufacturers:  Craftmark, Seton, Brady, Marking Services, Inc., Brimar or R&R I.D. Co.



		2.22 ELECTRICAL

		A. General:

		B. Quality Assurance:

		C. Motors:

		D. Low Voltage Control Wiring:





		PART 3 - EXECUTION

		3.1 GENERAL

		A. Workmanship shall be performed by licensed journeymen or master mechanics and shall result in an installation consistent with the best practices of trades.

		B. Install work uniform, level and plumb, in relationship to lines of building.  Do not install any diagonal or otherwise irregular work, unless so indicated on Drawings or approved by Owner’s Representative.

		C. Install all items specified in this section of the Specification under the full purview of local and state governing agencies.



		3.2 PERFORMANCE OF WORK

		A. Examine areas, physical conditions and phasing requirements under which materials are to be installed.  Layout the system to suit the different types of construction and equipment as indicated on the drawings.

		B. Work shall start immediately after authorization has been given to proceed so that the overall progress of the construction is not delayed.  No foundry items to be installed until submittals have been approved.

		C. Coordinate with other trades as necessary to properly interface components of the plumbing system.

		D. Follow manufacturer's directions and recommendations in all cases where the manufacturers of articles used on this Contract furnish directions covering points not shown on the drawings or covered in these Specifications.

		E. The omission from the drawings or Specifications of any details of construction, installation, materials, or essential specialties shall not relieve the Contractor from furnishing the same in place for a complete system.



		3.3 MANUFACTURER'S DIRECTIONS

		A. Follow manufacturers' directions and recommendations in all cases where the manufacturers of articles provided on this Contract furnish directions covering points not shown on the Drawings or covered in these Specifications.



		3.4 INSTALLATION

		A. Coordinate the work between the various Plumbing Sections and with the work specified under other Divisions.  If any cooperative work must be altered due to lack of proper supervision, coordination or failure to make proper and timely provisions, the alterations shall be made to the satisfaction of the Engineer and at the Contractor’s cost.

		B. Inspect all material, equipment, and apparatus upon delivery and do not install any damaged or defective materials.



		3.5 SUPPORTS AND HANGERS

		A. Prior to installation of hangers, supports, anchors, and associated work, installer shall meet at project site with all trades and testing agency representatives to coordinate work associated with placement of such work.

		B. Installation of Building Attachments:  Install building attachments at required locations within concrete or on structural steel for proper piping support.  Install additional building attachments where support is required for additional concentrated loads, including valves, flanges, guides, strainers, expansion joints, and at changes in direction of piping.  Install concrete inserts before concrete is placed.  Fasten insert securely to forms.  Where concrete with compressive strength less than 2,500 psi is indicated, install reinforcing bars through opening at top of inserts.

		C. Proceed with installation of hangers, supports, and anchors only after required building structural work has been completed in areas where the work is to be installed.  Correct inadequacies including, but not limited to, proper placement of inserts, anchors, and other building structural attachments.

		D. Install hangers, supports, clamps, and attachments to support piping properly from building structure.  Arrange for grouping of parallel runs of horizontal piping to be supported together on trapeze type hangers where possible.  Where piping of various sizes is to be supported together by trapeze hangers, space hangers for smallest pipe size or install intermediate supports for smaller diameter pipe.  Do not use wire or perforated metal to support piping, and do not support piping from other piping.

		E. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.  Except as otherwise indicated for exposed continuous pipe runs, install hangers and supports of same type and style as installed for adjacent similar piping.

		F. Prevent electrolysis in support of copper tubing by use of hangers and supports which are copper plated, or by other recognized industry methods.

		G. Horizontal Hanger Spacing in accordance with following minimum schedules (other spacings and rod sizes may be used in accordance with the SMACNA Seismic Restraint Manual using a safety factor of five):

		H. Vertical Support Spacing in accordance with following minimum schedules:

		I. Sloping, Draining:

		J. Provisions for Movement:

		K. Installation of Anchors:

		L. Equipment Supports (Exclude Formed Concrete):

		M. Adjusting:



		3.6 WALL, FLOOR, AND ROOF PENETRATION SIZING

		A. All pipe penetrations through rated and non-rated assemblies shall be sized to allow for compliance with structural integrity and fire ratings, as applicable.  Where sleeves are required to create blockout in block or concrete walls (sleeves not required for drywall penetrations), the sleeve size shall be installed with the inside clear diameter providing clearances as required below.



		3.7 WATER HAMMER ARRESTERS

		A. Install as per PDI Standard WH-20 and equipment manufacturer’s recommendation and as shown on working drawings.  Provide before each quick closing valve (flush valve, solenoid valve, etc.) or bank of fixtures.

		B. Install at each plumbing fixture, bank of fixtures, equipment and as indicated.



		3.8 ROOF CURBS, EQUIPMENT RAILS, PIPE PORTALS

		A. Install per manufacturer's instructions.

		B. Coordinate with other trades so units are installed when roofing is being installed.

		C. Verify roof insulation thickness and adjust cant to match.



		3.9 PIPING INSTALLATION

		A. The word “piping” shall mean all pipes, fittings, nipples, valves and all accessories connected thereto.

		B. Run piping generally parallel to the axis of the building, arranged to conform to the building requirements and to suit the necessities of clearance for other mechanical ducts flues, conduits and work of other trades and close to ceiling or other construction as practical, free of unnecessary traps or bends.

		C. Run horizontal sanitary drainage at uniform pitch of not less than 1/8" per foot, unless otherwise indicated.  Pitch horizontal vent piping downward from stack to fixtures or flat as permissible per current code requirements.

		D. Ream or file each pipe to remove burrs.  Inspect each length of pipe and each fitting for workmanship and clear passageway.

		E. All piping shall be inspected for defects and flaws prior to installation. Remove any damaged piping from job site.  Piping shall be thoroughly cleaned of dirt, debris or rust.

		F. Cleanouts to be provided at each change in direction greater than 135° or 100' maximum intervals on underground piping.

		G. Cleanout elevations shall be mounted flush with finished floor elevation.

		H. Cleanouts to be same size as pipe except cleanout plugs larger than 4" shall not be required.

		I. Cleanouts on concealed piping to be extended through and terminate flush with the finished wall or floor.  Cover plates to be provided on all cleanout plugs in finished areas.

		J. The bodies of cleanout ferrules to conform in thickness to that required for pipe and fittings of the same metal.

		K. Mount piping on roof to manufactured polypropylene pipe supports: Caddy Pyramid, Roof Top Blox or equal.



		3.10 VIBRATION CONTROL ISOLATORS 

		A. Comply with manufacturer's recommendations for selection and application of vibration isolation materials and units except as otherwise indicated.  Comply with minimum static deflections recommended by ASHRAE, of vibration isolation materials and units where not otherwise indicated.

		B. Comply with manufacturer's instructions for installation and load application to vibration control materials and units except as otherwise indicated.  Adjust to ensure that units have equal deflection, do not bottom out under loading, and are not short�circuited by other contacts or bearing points.  Remove space blocks and similar devices intended for temporary support during installation.

		C. Install units between substrate and equipment as required for secure operation and to prevent displacement by normal forces, and as indicated.

		D. Adjust leveling devices as required to distribute loading uniformly onto isolators.  Shim units as required where substrate is not level.

		E. Flexible Pipe Connectors:  Install on equipment side of shutoff valves.

		F. Upon completion of vibration control work, prepare report showing measured equipment deflections for each major item of equipment as indicated.  Clean each vibration control unit, and verify that each is working freely, and that there is no dirt or debris in immediate vicinity of unit that could possibly short�circuit unit isolation. 



		3.11 ELECTRICAL COORDINATION

		A. Division 22 installers shall coordinate with Division 26 work to provide complete systems as required to operate all mechanical devices installed under this Division of work.

		B. Installation of Electrical Connections:  Furnish, install, and wire (except as may be otherwise indicated) all heating, ventilating, air conditioning, etc., motors and controls in accordance with the drawings and in accordance with equipment manufacturer’s written instructions and with recognized industry practices, and complying with applicable requirements of UL, CEC, and NECA’s “Standard of Installation” to ensure that products fulfill requirements.

		C. Division 22 has responsibilities for electrically powered plumbing equipment which is specified in Division 22 Specifications or scheduled on Division 22 Drawings as follows:

		D. Division 26 Electrical Responsibilities:



		3.12 IDENTIFICATION MARKERS

		A. General:  Where identification is to be applied to surfaces which require insulation, painting, or other covering or finish, including valve tags in finished mechanical spaces, install identification after completion of covering and painting.  Install identification prior to installation of acoustical ceilings and similar removable concealment.

		B. Piping System Identification:

		C. Underground Piping Identification:  During backfilling/topsoiling of each exterior underground piping system, install continuous underground�type plastic line marker, located directly over buried line at 6” to 8” below finished grade.  Where multiple small lines are buried in common trench and do not exceed overall width of 16”, install single line marker.

		D. Plumbing Equipment Identification:  Locate engraved plastic laminate signs on or near each major item of plumbing equipment and each operational device.  Provide signs for the following:

		E. Text of Signs:  In addition to name of identified unit, provide lettering to distinguish between multiple units.  Equipment signs shall include an identification of the area or other equipment served by the equipment being labeled.

		F. Gas pressure regulators shall have metal tags attached statingupstream natural gas pressure.  Do not remove."



		3.13 CLEANING EQUIPMENT AND MATERIALS

		A. In addition to the requirements of Section 220500, provide for the safety and good condition of all materials and equipment until final acceptance by the Owner’s Representative.  Protect all materials and equipment from damage. Provide adequate and proper storage facilities during the progress of the work.  Special care to be taken to provide protection for bearings, open connections, pipe coils, pumps, compressors, and similar equipment.

		B. All piping, finished surfaces, and equipment to have all grease, adhesive labels, and foreign materials removed.

		C. All piping to be drained and flushed to remove grease and foreign matter.  Pressure regulating assemblies, traps, flush valves, and similar items shall be thoroughly cleaned.  Remove and thoroughly clean and reinstall all liquid strainer screens after the system has been in operation for ten days.

		D. When connections are to be made to existing systems, the Contractor is to do all cleaning and purging of the existing systems required to restore them to the condition existing prior to the start of work.



		3.14 TESTING

		A. Provide all tests specified herein, in other Division 22 Sections, and as otherwise required.  Provide all test equipment, including test pumps, gauges, instruments, and other equipment required.  Test all rotational equipment for proper direction of rotation.  Upon completion of testing, certify to the Owner’s Representative, in writing, that the specified tests have been performed and that the installation complies with the specified requirements and provide a report of the test observations signed by qualified inspector.

		B. Owner’s Representative to witness all field tests and conduct all field inspections.  The Contractor to give the Owner’s Representative ample notice of the dates and times scheduled for tests.  Any deficiencies to be completely retested at no additional cost.

		C. Inspection to continue during installation and testing.  Perform a final inspection of the equipment prior to installation to determine conformity to the type, class, grade, size, capacity, and other characteristics specified herein or indicated.  Correct or replace all rejected equipment prior to installation.



		3.15 DISINFECTING - PLUMBING SYSTEMS

		A. Disinfection of potable water distribution system shall be as prescribed by the local health authority or the following minimum requirement.  After pressure tests have been made thoroughly flush the entire domestic water distribution system with water until all entrained dirt and mud have been removed, and sterilize by chlorinating material.  The chlorinating material shall be liquid chlorine.  The chlorinating material shall provide a dosage of not less than 50 parts per million and shall be introduced into the system or part thereof in an approved manner.  Retain the treated water in the pipe for 24 hours, or, fill the system or part thereof with a water-chlorine solution containing at least 200 parts per million of chlorine and allow to stand for three (3) hours.  Open and close all valves in the system being disinfected three times during the contact period.  Then flush the system with clean potable water until the residual chlorine is reduced to less than 1.0 ppm.  During the flushing period open and close all valves and faucets three times.  From at least three divergent points in the system, take samples of water in properly sterilized containers for bacterial examination.  Repeat the disinfecting until tests indicate that satisfactory bacteriological results have been obtained.

		B. Taking of samples shall be witnessed by Owner’s Representative.  Samples are to be taken and tested by an independent analytical testing laboratory.  Written reports shall be supplied to Owner’s Representative for approval.



		3.16 OPERATING TESTING AND CERTIFICATION - PLUMBING SYSTEMS

		A. Upon completion and disinfection, and prior to acceptance of the installation, the Contractor to subject the plumbing system to operating tests to demonstrate satisfactory, functional, and operating efficiency.  Such operating tests to include the following information in a report with conclusions as to the adequacy of the system.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SUMMARY 


A. All plumbing piping and equipment as noted on the equipment schedules or in the 
specification shall be mounted on vibration isolators to prevent the transmission of 
vibration and mechanically transmitted sound to the building structure. 


B. Vibration isolators shall be selected in accordance with the weight distribution so as 
to produce reasonably uniform deflections. 


C. All plumbing piping and equipment as noted on the equipment schedules, in the 
specification or as required by code shall be designed to resist seismic forces.  Refer 
to Section 220548 Seismic Restraint for Piping and Equipment 


D. This Section includes the following: 
1. Vibration Isolation pads. 
2. Vibration Isolation mounts. 
3. Restrained uni-directional seismic isolation snubber mounts. 
4. Spring isolators. 
5. Housed seismic spring vibration mounts. 
6. Elastomeric hangers. 
7. Spring hangers. 
8. Spring hangers with vertical-limit stops. 
9. Pipe riser resilient supports. 
10. Resilient pipe guides. 
11. Air-mounting system. 
12. Seismic snubbers. 
13. Seismic Restraining braces and cable systems for equipment, piping, and 


ductwork. 
14. Vibration isolation equipment bases. 
15. Flexible piping connectors 
16. Flexible ductwork connectors 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 220549:  Seismic Restraint for Piping and Equipment 


1.4 DEFINITIONS 


A. AHJ: Authority Having Jurisdiction 


B. IBC:  International Building Code with State Amendments. 
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C. ICC-ES:  ICC-Evaluation Service. 


D. OSHPD:  Office of Statewide Health Planning and Development for the State of 
California. Nationally recognized state enforcement agency for certifying and seismic 
restraint systems. 


1.5 CODES AND STANDARDS 


A. Provide components conforming to the load requirements of the latest addition of the 
local building code and the following: 
1. 2012 International Building Code with AHJ Amendments 
2. American Society of Civil Engineers (ASCE): 


a. ASCE 7-10:  Minimum Design Loads for Buildings and Other 
Structures 


3. The Manufacturers Standardization Society (MSS): 
a. MSS SP-58:  Pipe Hangers and Supports - Materials, Design, 


Manufacture, Selection, Application, and Installation. 
b. MSS SP-69:  Pipe Hangers and Supports - Selection and 


Application. 
c. MSS SP-89:  Pipe Hangers and Supports - Fabrication and 


Installation Practices 
d. MSS SP-127:  Bracing for Piping Systems Seismic-Wind-Dynamic 


Design, Selection, Application. 
4. Mason West Inc. Seismic Restraint Guidelines 2014 Edition 


a. OPM-0043-13 for all suspended piping, suspended ductwork and 
suspended electrical raceways 


1.6 PERFORMANCE REQUIREMENTS 


A. Seismic-Restraint Loading: 
1. Seismic forces for new installations are determined per ASCE/SEI 7-05.  


Refer to Structural Design for seismic factors and design criteria.  Select and 
submit appropriate values for each piece of equipment and sub-system and 
material type for the project, and base the seismic calculations on these 
values. 


2. Refer to Section 220549 Seismic Restraint for Piping and Equipment for 
seismic specific requirements. 


3. Coordinate all seismic and load requirements with the registered 
professional Structural Engineer. 


B. Component Importance Factor: 
1. Ip=1.0: Standard Occupancies and components associated with Risk 


Category I, II, and III, including offices and schools. 


1.7 QUALITY ASSURANCE 


A. Testing Agency Qualifications:  An independent agency, with the experience and 
capability to conduct the testing indicated, that is a nationally recognized testing 
laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to 
authorities having jurisdiction. 


B. Comply with seismic-restraint requirements in the CBC unless requirements in this 
Section are more stringent. 
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C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 


D. Building Structural Limits: The design of supports and restraints shall not exceed the 
building structure allowable point loads.  Coordinate all work with the registered 
professional Structural Engineer. 


1.8 SUBMITTALS 


A. Product Data shall include the following: 
1. Catalog cuts or data sheets on vibration isolators and specific restraints 


detailing compliance with the specification. 
2. Detailed schedules of flexible and rigidly mounted equipment, showing 


vibration isolators and seismic restraints by referencing numbered 
descriptive drawings. 


3. Include rated load, rated deflection, and overload capacity for each vibration 
isolation device. 


4. Illustrate and indicate style, material, strength, fastening provision, and finish 
for each type and size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report 


numbers and rated strength in tension and shear as evaluated by an 
evaluation service or agency acceptable to authorities having 
jurisdiction. 


b. Annotate to indicate application of each product submitted and 
compliance with requirements. 


5. Interlocking Snubbers:  Include ratings for horizontal, vertical, and combined 
loads. 


B. Shop Drawings: 
1. Submit fabrication details for equipment bases including dimensions, 


structural member sizes and support point locations. 
2. Provide all details of suspension and support for ceiling hung equipment. 
3. Where walls, floors, slabs or supplementary steel work are used for seismic 


restraint the locations, details of acceptable attachment methods for ducts, 
conduit and pipe must be included and approved before the condition is 
accepted for installation.  Restraint manufacturers' submittals must include 
spacing, static loads and seismic loads at all attachment and support points. 


4. Provide specific details of seismic restraints and anchors; include number, 
size and locations for each piece of equipment. 


C. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details 
indicated to comply with performance requirements and design criteria, including 
analysis data signed and sealed by the qualified professional engineer responsible 
for their preparation. 
1. Design Calculations:  Calculate static and dynamic loading due to equipment 


weight and operation, seismic and where required wind forces required to 
select vibration isolators, seismic and wind restraints, and for designing 
vibration isolation bases. 


2. Riser Supports:  Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on 
building structure, spring deflection changes, and seismic loads.  Include 
certification that riser system has been examined for excessive stress and 
that none will exist. 
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3. Vibration Isolation Base Details:  Detail overall dimensions, including 
anchorages and attachments to structure and to supported equipment.  
Include auxiliary motor slides and rails, base weights, equipment static 
loads, power transmission, component misalignment, and cantilever loads.  
Provide base with level top surfaces with integral sloping on bottom to match 
support structure. 


D. Coordination Drawings:  Show coordination and plan locations of seismic bracing for 
HVAC piping, ductwork, and equipment with other systems and equipment in the 
vicinity, including other supports and seismic restraints. 


E. Qualification Data:  Devices shall be selected to meet seismic and support 
requirements by a registered professional Structural Engineer. 


F. Air-Mounting System Performance Certification:  Include natural frequency, load, and 
damping test data performed by an independent test agency. 


G. Operation and Maintenance Data:  For air-mounting systems to include in operation 
and maintenance manuals. 


PART 2 - PRODUCTS 


2.1 GENERAL REQUIREMENTS AND APPLICATION 


A. Factory Finishes: 
1. Standard paint applied to factory-assembled equipment before shipping. 
2. Powder coating on springs and housings. 
3. All hardware shall be galvanized or powder coated. 
4. Hot-dip galvanized or powder coating of metal components for exterior use. 
5. Baked enamel or powder coat for metal components for interior use. 


B. Glumac Device Key Schedule:  Part 3 of this Section schedules the application of 
devices described in Part 2 for use with plumbing equipment found on this project.  
The tag designation of preferred devices is as follows: 


 


Glumac 


Isolator Tag 


Description 


P-1 Vibration isolation waffle pad 


P-2 Double deflection neoprene mount 


P-3 Uni-directional restrained neoprene snubber mount 


P-4 Interlocking uni-directional snubber 


S-1 Open spring vibration isolator 


S-2 Steel housed seismic spring vibration isolator 


S-3 Bellows air spring isolator 


S-4 Restrained air spring isolator 


B-1 Integral equipment and motor base 


B-2 Integral equipment and motor base 


B-3 Concrete filled steel inertia base 


H-1 Spring and rubber in shear vibration isolation hanger  


G-1 All-directional pipe anchor 


G-2 Vertical pipe guide 


G-3 Horizontal thrust restraint 


SB-1 Sway bracing 
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F-1 Kevlar/rubber spherical type flexible piping coupling 


F-2 Stainless hose flexible piping coupling 


F-3 Flexible expansion joints 


2.2 VIBRATION ISOLATORS 


A. Basis-of-Design Product:  Subject to compliance with requirements, provide a 
product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Kinetics Noise Control. 
5. Vibration Eliminator Co., Inc. 
6. Vibration Isolation. 
7. Vibration Mountings & Controls, Inc 
8. Vibro-Acoustics, Inc 
9. Vibrex 


B. P-1 Style:  Neoprene pads shall consist of a 3/4" (19 mm) thick neoprene pad 
molded in square waffle modules, a minimum 1/4” (6 mm) thick steel load 
distribution plate and 3/4” ( 19 mm) hole with a neoprene anchor bolt bushing with a 
flat washer face.  Pads may be single or multiple layers as required for leveling.  
Pads shall be Mason #MBSW Series or equal. 


C. P-2 Style:  Bridge-bearing neoprene mountings shall have a minimum static 
deflection of 0.2" (5mm) and all directional seismic capability.  The mount shall 
consist of a ductile iron casting containing two separated and opposing molded 
neoprene elements.  The elements shall prevent the central threaded sleeve and 
attachment bolt from contacting the casting during normal operation.  The shock 
absorbing neoprene materials shall be compounded to bridge-bearing specifications. 
 Mountings shall be Mason #BR Series or equal. 


D. P-3 Style:  All-directional seismic snubbers shall consist of interlocking steel 
members restrained by a one-piece molded neoprene bushing of bridge bearing 
neoprene.  Bushing shall be replaceable and a minimum of 1/4” (6 mm) thick.  A 
minimum air gap of 1/8” (3 mm) shall be incorporated in the snubber design in all 
directions before contact is made between the rigid and resilient surfaces.  No sharp 
edges such as bolt threads may come in contact with the neoprene bushing.  
Snubber end caps shall be removable to allow inspection of internal clearances.  
Snubber shall be Mason #Z-1225 Series or equal. 


E. P-4 Style:  All directional seismic snubbers shall consist of interlocking steel 
members restrained by shock absorbent rubber materials compounded to bridge 
bearing specifications.  Elastomeric materials shall be replaceable and a minimum of 
3/4" (19 mm) thick.  Rated loadings shall not exceed 1000 psi.  Snubbers shall be 
manufactured with an air gap between hard and resilient material of not less than 
1/8" (3 mm) nor more that 1/4" (6 mm).  Snubbers shall be installed with factory set 
clearances.  The capacity of the seismic snubber at 3/8" (9 mm) deflection shall be 
equal or greater than the load assigned to the mounting grouping controlled by the 
snubber multiplied by the applicable "G" force.  Submittals shall include the load 
deflection curves up to 1/2" (12 mm) deflection in the x, y and z planes.  Snubbers 
shall be Mason #Z-1011 Series or equal. 
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F. S-1 Style:  Spring isolators shall be free standing and laterally stable without any 
housing and complete with a molded neoprene cup or 1/4" (6 mm) neoprene 
acoustical friction pad between the base plate and the support.  All mountings shall 
have leveling bolts that must be rigidly bolted to the equipment.  Spring diameters 
shall be no less than 0.8 of the compressed height of the spring at rated load.  
Springs shall have a minimum additional travel to solid equal to 50% of the rated 
deflection.  Two base plate holes for attachment to support surface.  Isolators shall 
be Mason #SLFH Series or equal. 


G. S-2 Style:  Restrained spring mountings shall include springs that are free standing 
and laterally stable and complete with a molded neoprene cup or 1/4" (6 mm) 
neoprene acoustical friction pad between the spring and the mounting base plate.  
All spring assemblies shall have leveling bolts. Spring diameters shall be no less 
than 0.8 of the compressed height of the spring at rated load. Springs shall have a 
minimum additional travel to solid equal to 50% of the rated deflection.  Mount 
housing shall include vertical limit stops to prevent spring extension when weight is 
removed.  All restraining bolts shall have large rubber grommets to provide 
cushioning in the vertical and horizontal directions.  A minimum clearance of 3/8” (9 
m) shall be maintained around restraining bolts so as not to interfere with the spring 
action.  Mountings shall be Mason #SLR Series or #SLRS Series for steel/wood 
connections and Mason #SLREBP Series or #SLRSEBP Series or #SSLFH Series 
for concrete connections or equal. 


2.3 VIBRATION ISOLATION STEEL EQUIPMENT BASES 


A. Basis-of-Design Product:  Subject to compliance with requirements provide a 
comparable product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Isolation Technology, Inc. 
5. Kinetics Noise Control. 
6. Vibration Eliminator Co., Inc. 
7. Vibration Isolation. 
8. Vibration Mountings & Controls, Inc 
9. Vibro-Acoustics, Inc. 


B. B-1 Style: Vibration isolation manufacturer shall furnish integral structural steel bases 
designed to prevent excessive base flexure at start up, prevent misalignment of 
equipment and provide attachment points for seismic restraints.  Bases shall be 
rectangular in shape and constructed of welded structural steel angle or channel 
members.  Base shall be Mason #MSL Series or equal. 


C. B-2 Style:  Vibration isolation manufacturer shall furnish integral structural steel 
bases designed to prevent excessive base flexure at start up, prevent misalignment 
of equipment and provide attachment points for seismic restraints.  Bases shall be 
rectangular in shape and constructed of welded wide flange structural steel main 
members with cross bracing located at or near each restraint location.  Where height 
saving brackets are required, they shall be employed in all mounting locations to 
maintain a 1" (25 mm) clearance below the base.  Base shall be Mason #WFSL 
Series or equal. 


D. B-3 Style:  Vibration isolation manufacturer shall furnish rectangular steel concrete 
pouring forms for floating and inertia foundations. Bases for split case pumps shall 
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be large enough to provide for suction and discharge elbows and shall be 6”deep for 
pumps thru 75 HP and 10” deep for pumps 100 HP thru 250HP.  Forms shall include 
minimum concrete reinforcing consisting of #4 bars welded in place on 6" centers 
running both ways in a layer 1-1/2" above the bottom. Forms shall be furnished with 
steel templates to hold the anchor bolts sleeves and anchors while concrete is being 
poured.  Height saving brackets shall be employed in all mounting locations to 
maintain a 1" clearance below the base.  Base shall be Mason #BMK Series or #KSL 
Series or equal. 


2.4 SPRING HANGERS 


A. H-1 Style:  Spring hangers shall consist of rigid steel frames containing minimum 1-
1/4” (32 mm) thick neoprene elements at the top and steel springs that are free 
standing and laterally stable seated in a steel washer reinforced neoprene cup at the 
bottom.  Spring diameters shall be no less than 0.8 of the compressed height of the 
spring at rated load. Springs shall have a minimum additional travel to solid equal to 
50% of the rated deflection.  The neoprene element and the cup shall have a 
neoprene bushing projecting through the steel box. A seismic rebound washer made 
of steel and surrounding neoprene shall be provided. Spring diameters and hanger 
box lower hole sizes shall be large enough to permit the hanger rod to swing through 
a 30 arc from side to side before contacting the rod bushing and short circuiting the 
spring. Hangers shall be Mason #RW30N Series. 


2.5 PIPE GUIDES AND SUPPORTS 


A. G-1 Style:  All-directional acoustical pipe anchors shall consist of two sizes of steel 
tubing separated by a minimum 1/2" (12 mm) thick 60 durometer neoprene.  Vertical 
restraint shall be provided by similar material arranged to prevent vertical travel in 
either direction.  Allowable loads on the isolation material should not exceed 500 psi 
and the design shall be balanced for equal resistance in any direction.  All-directional 
anchors shall be Mason #ADA Series or equal. 


B. G-2 Style:  Vertical sliding pipe guides shall consist of a telescopic arrangement of 
two sizes of steel tubing separated by a minimum 1/2" (20 mm) thickness of 60 
durometer neoprene.  The height of the guides shall be preset with a shear pin to 
allow vertical motion due to pipe expansion or contraction.  Shear pin shall be 
removable and reinsertable to allow for selection of pipe movement.  Guides shall be 
capable of 1-5/8" (41 mm) upwards or downwards motion, or to meet location 
requirements.  Pipe guides shall be Mason #VSG Series or equal. 


C. G-3 Style:  Horizontal thrust restraints shall consist of a spring element seated in a 
steel washer reinforced neoprene cup at the bottom, in series with a molded 
neoprene element.  Steel springs shall be free standing and laterally stable. Spring 
diameters shall be no less than 0.8 of the compressed height of the spring at rated 
load. Springs shall have a minimum additional travel to solid equal to 50% of the 
rated deflection.  The spring element shall be designed so it can be preset for thrust 
at the factory and adjusted in the field to allow for a maximum of 1/4" (6 mm) 
movement at start and stop.  The assembly shall be furnished with 1 rod and angle 
brackets for attachment to both the equipment and the ductwork or the equipment 
and the structure.  Horizontal restraints shall be attached at the centerline of thrust 
and symmetrical on either side of the unit.  Horizontal thrust restraints shall be 
Mason #WBI Series or #WBD Series or equal. 
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2.6 SWAY BRACING 


A. SB-1 Style:  Seismic sway braces shall consist of galvanized steel aircraft cables or 
steel angles or struts.  Cables braces shall be designed to resist seismic tension 
loads and steel braces shall be designed to resist both tension and compression 
loads with a minimum safety factor of two (2).  Brace end connections shall be steel 
assemblies that swivel to the final installation angle.  Steel angles or struts, when 
required, shall be clamped to the threaded hanger rods at the seismic sway brace 
locations utilizing a minimum of two ductile iron clamps.  Do not mix cable and steel 
braces to brace the same system or equipment.  Cable brace assemblies shall be 
Mason #SCB Series or #SCBH Series, steel brace assemblies shall be Mason #SSB 
Series, #SSBS Series or #SHB Series, and rod clamps shall be Mason #SRC Series 
or #UCC Series or equal. 


2.7 FLEXIBLE PIPING CONNECTORS 


A. F-1 Style: Flexible spherical expansion joints for pump connections.  Shall employ 
peroxide cured EPDM in the covers, liners and Kevlar tire cord frictioning.  Solid steel 
rings shall be used within the raised face rubber ends to prevent pullout.  Flexible 
cable bead wire is not acceptable. Sizes 2" and larger shall have two spheres 
reinforced with a ring between spheres to maintain shape and complete with split 
ductile iron or steel flanges with hooked or similar interlocks. Sizes 16" to 24" may be 
single sphere.  Sizes 3/4" to 1 1/2" may have threaded bolted flange assemblies, one 
sphere and cable retention.  14" and smaller connectors shall be rated at 250 psi up 
to 190F with a uniform drop in allowable pressure to 190 psi at 250F.  16" and larger 
connectors are rated 180 psi at 190F and 135 psi at 250F. Safety factors to burst 
and flange pullout shall be a minimum of 3/1.  All joints must have permanent 
markings verifying a 5 minute factory test at twice the rated pressure.  Concentric 
reducers to the above specifications may be substituted for equal ended expansion 
joints.  Expansion joints shall be installed in piping gaps equal to the length of the 
expansion joints under pressure.  Manufacturer shall provide pre-stretching charts 
for expansion joints when used in conjunction with isolated equipment.  Control rods 
need only be used in unanchored piping locations where the manufacturer 
determines the installation exceeds the pressure requirement without control rods, 
as control rods are not desirable in seismic work.  If control rods are used, they must 
have 1/2" thick Neoprene washer bushings large enough in area to take the thrust at 
1000 psi maximum on the washer area.  Expansion joints shall be installed on the 
equipment side of the shut off valves.  Submittals shall include two test reports by 
independent consultants showing minimum reductions of 20 DB in vibration 
accelerations and 10 DB in sound pressure levels at typical blade passage 
frequencies on this or a similar product by the same manufacturer.  All expansion 
joints shall be installed on the equipment side of the shut off valves. Expansion joints 
shall be Mason #SAFEFLEX SFDEJ Series, #SAFEFLEX SFEJ Series, #SAFEFLEX 
SFDCR Series or #SAFEFLEX SFU Series and Control Rods Mason #CR or equal. 


B. F-2 Style: Flexible stainless steel hose shall have stainless steel braid and carbon 
steel fittings. Sizes 3" (75 mm)  and larger shall be flanged.  Smaller sizes shall have 
male threaded nipples or copper sweat ends.  Hoses must have sufficient length, 
minimum 12” (300 mm) long, to accept 1/2” (12 mm) intermittent motion without 
failure.  Hoses shall be installed on the equipment side of the shut-off valves 
horizontally and parallel to the equipment shafts wherever possible.  Hoses shall be 
Mason #FFL Flanged Series, #CPSB Copper Sweat Series or #CSAMN Threaded 
Series or equal. 
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C. F-3 Style: Flexible Vee or U-bend braided hose across building or expansion joints.  
Piping and equipment connections shall be protected against seismic damage by the 
insertion of braided flexible hose Vee assemblies rated for ±4” (100mm) seismic 
motion in all planes.  Should the application  include ±6” (150mm) thermal movement 
or thermal movement alone, install the Vee so the thermal movement is axial.  Vees 
shall have a minimum burst pressure of four times their rated pressure.  Vees in 
steel lines shall have stainless hose and braid.  Copper lines, bronze hose and braid. 
 Guiding and anchoring shall be as recommended by the manufacturer.  60° Vees 
shall be Mason #VFL flanged braided steel Series, #VMN Threaded Braided 
Stainless Steel Series or #VCPSB Copper Sweat Series or equal. 


2.8 BRACING DEVICES FOR EQUIPMENT, PIPING, AND DUCTWORK. 


A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Amber/Booth Company, Inc. 
2. California Dynamics Corporation 
3. Cooper B-Line, Inc. 
4. Hilti, Inc. 
5. Kinetics Noise Control 
6. Loos & Co. 
7. Mason Industries 
8. Tolco Incorporated 
9. Unistrut 
10. ISAT, Inc 
11. Vibro-Acoustics, Inc. 


B. General Requirements for Restraint Components:  Rated strengths, features, and 
applications shall be as defined in reports by an agency acceptable to authorities 
having jurisdiction. 
1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout 


force of components shall be at least two (2) times the maximum seismic 
forces to which they will be subjected. 


C. Snubbers:  Factory fabricated using welded structural-steel shapes and plates, 
anchor bolts, and replaceable resilient isolation washers and bushings. 
1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and 


stud-wedge or female-wedge type. 
2. Resilient Isolation Washers and Bushings:  Oil- and water-resistant 


neoprene. 
3. Maximum 1/4-inch (6-mm) air gap, and minimum 1/4” (6 mm) thick resilient 


cushion. 


D. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly 
made of slotted steel channels with accessories for attachment to braced component 
at one end and to building structure at the other end and other matching components 
and with corrosion-resistant coating; and rated in tension, compression, and torsion 
forces. 


E. Hanger Rod Stiffener:  Steel tube, steel slotted support system sleeve or reinforcing 
steel angle clamped to hanger rod are acceptable. 
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F. Bushings for Floor-Mounted Equipment Anchorage:  Neoprene bushings designed 
for rigid equipment mountings, and matched to type and size of anchor bolts and 
studs. 


G. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of 
neoprene elements and steel sleeves designed for rigid equipment mountings, and 
matched to type and size of attachment devices used. 


H. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-
resistant neoprene, with a flat washer face. 


I. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications.  
Select anchor bolts with strength required for anchor and as tested according to 
ASTM E488.  Minimum length of eight times diameter. 


J. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or 
urethane methacrylate-based resin and accelerator, or injected polymer or hybrid 
mortar adhesive.  Provide anchor bolts and hardware with zinc-coated steel for 
interior applications and stainless steel for exterior applications.  Exterior locations 
not exposed to weather (i.e. under roofing) can be galvanized. Select anchor bolts 
with strength required for anchor and as tested according to ASTM E488. 


PART 3 - EXECUTION 


3.1 LOCATION AND APPLICATION OF VIBRATION ISOLATION EQUIPMENT 


A. The following Tables provide schedules for vibration devices required for isolation of 
plumbing equipment provided on the project.  Refer to Part 2 above for device 
specifications. 


B. Pumps – Equipment Isolation 
 


TABLE 1:  EQUIPMENT ISOLATION SCHEDULE – 


PUMPS 


      LOCATION 


         


EQUIPMENT CRITICAL ROOF OR FLOOR UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


PUMPS          


Base and Close 
Coupled Floor 


Mounted          


Up to 5 HP S–2/S-1 0.75 B-2 S–2/S-1 0.75 B-1 NA NA NA 


7-1/2 HP & Over S–2/S-1 1.5 B-2 S–2/S-1 1.5 B-2 NA NA NA 


Vertical Split Case 
Floor Mounted       


NA NA NA 


Up to 5 HP P-1 0.15 NA P-1 0.15 NA NA NA NA 


7-1/2 HP & Over S–2/S-1 1.5 B-2 S–2/S-1 1.5 B-2 NA NA NA 
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Suspended Inline H-1 1.75 NA H-1 1.75 NA NA NA NA 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) Provide F-1 flexible connector for all high horsepower pumps, F-2 connector for fractional horsepower pumps. 
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C. Miscellaneous Equipment Isolation 
 


TABLE 2:  EQUIPMENT ISOLATION SCHEDULE – 


MISCELLANEOUS EQUIPMENT 


      LOCATION 


      '   


EQUIPMENT CRITICAL UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


BOILER 


(PACKAGE TYPE)          


All Sizes P-1 0.15 (3) P-1 0.15 (3) P-1 0.15 (3) 


AIR 


COMPRESSORS 


AND VACUUM 


PUMPS          


Tank Type 
(Horizontal Tank) P-1 2.5 B-2 P-1 1.5 B-2 P-1 0.75 NA 


Tank Type (Vertical 
Tank) P-1 2.5 B-2 P-1 1.5 B-2 P-1 0.75 NA 


          


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) For pipe connections to HVAC units provide F-2 pipe and F-3 duct connectors. 
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3.2 EXAMINATION 


A. Examine areas and equipment to receive vibration isolation and seismic and wind-
control devices for compliance with requirements for installation tolerances and other 
conditions affecting performance. 


B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 APPLICATIONS 


A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for 
application by an evaluation service or agency acceptable to authorities having 
jurisdiction. Indicate on Drawings, by details, schedules, or a combination of both, 
the locations where hanger rods for individual pipes and hanger rods for trapeze 
hangers require hanger rod stiffeners. 


B. Hanger Rod Stiffeners:  Install hanger rod stiffeners where indicated or scheduled on 
Drawings to receive them and where required to prevent buckling of hanger rods due 
to seismic forces. 


C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select 
sizes of components so strength will be adequate to carry present and future static 
and seismic loads within specified loading limits. 


3.4 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION 


A. Comply with requirements in Division 07 Section "Roof Accessories" for installation 
of roof curbs, equipment supports, and roof penetrations. 


B. Comply with manufacturer's recommendations for selection and application of 
vibration isolation materials and units except as otherwise indicated.  Comply with 
minimum static deflections recommended by ASHRAE, of vibration isolation 
materials and units where not otherwise indicated. 


C. Comply with manufacturer's instructions for installation and load application to 
vibration control materials and units except as otherwise indicated.  Adjust to ensure 
that units have equal deflection, do not bottom out under loading, and are not 
short-circuited by other contacts or bearing points.  Remove space blocks and 
similar devices intended for temporary support during installation. 


D. All vibration isolators and seismic restraint systems must be installed in strict 
accordance with the manufacturers written instructions and all certified submittal 
data. 


E. Installation of vibration isolators and seismic restraints must not cause any change of 
position of equipment, piping or ductwork resulting in stresses or misalignment.   


F. No rigid connections between equipment and the building structure shall be made 
that degrades the noise and vibration control system herein specified. 
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G. Any conflicts with other trades which will result in rigid contact with equipment or 
piping due to inadequate space or other unforeseen conditions should be brought to 
the architects/engineers attention prior to installation.  Corrective work necessitated 
by conflicts after installation shall be at the responsible contractor’s expense. 


H. Install units between substrate and equipment as required for secure operation and 
to prevent displacement by normal forces, and as indicated. 


I. Adjust leveling devices as required to distribute loading uniformly onto isolators.  
Shim units as required where substrate is not level. 


J. Flexible Pipe Connectors:  Install on equipment side of shutoff valves. 


K. Upon completion of vibration control work, prepare report showing measured 
equipment deflections for each major item of equipment as indicated.  Clean each 
vibration control unit, and verify that each is working freely, and that there is no dirt or 
debris in immediate vicinity of unit that could possibly short-circuit unit isolation. 


L. Equipment Restraints: 
1. Install seismic snubbers on HVAC equipment mounted on vibration isolators. 


 Locate snubbers as close as possible to vibration isolators and bolt to 
equipment base and supporting structure. 


2. Install resilient bolt isolation washers on equipment anchor bolts where 
clearance between anchor and adjacent surface exceeds 0.125 inch (3.2 
mm). 


3. Install seismic-restraint devices using methods approved by an evaluation 
service or agency acceptable to the authorities having jurisdiction.  Provide 
required submittals for components. 


M. Piping Restraints: 
1. Per structural / seismic engineer design / directive requirements. 


N. Install cables so they do not bend across edges of adjacent equipment or building 
structure. 


O. Install seismic-restraint devices using methods approved by an evaluation service or 
agency acceptable to the authorities having jurisdiction, providing required submittals 
for component. 


P. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolts and mounting hole in concrete base. 


Q. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged 
to provide resilient media where equipment or equipment-mounting channels are 
attached to wall. 


R. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 


S. Drilled-in Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to 


drilling holes for anchors.  Do not damage existing reinforcing or embedded 
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items during coring or drilling.  Notify the Structural Engineer if reinforcing 
steel or other embedded items are encountered during drilling.  Locate and 
avoid pre-stressed tendons, electrical and telecommunications conduit, and 
gas lines. 


2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 


3. Wedge Anchors:  Protect threads from damage during anchor installation.  
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the 
structural element to which anchor is to be fastened. 


4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust 
prior to installation of adhesive.  Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as 
to avoid introduction of air pockets in the adhesive. 


5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for 


exterior applications. Also see 20500. 


3.5 VIBRATION ISOLATION OF PIPING 


A. Horizontal Piping: The first three pipe supports from vibration isolated equipment 
must be vibration isolated.   The static deflection of the pipe support isolators must 
be equal to the static deflection for the isolators under the connected equipment.  
Overhead piping shall suspend from Mason Type 30N spring hangers, or equal.  
Floor supported piping shall rest on Mason Type SLR isolators, or equal.  Refer to 
contract drawings for additional vibration isolation requirements for piping.  Where 
piping connects to plumbing equipment install Mason Type SFDEJ or SFU 
expansion joints or Mason Type FFL stainless hoses if Type SFDEJ or SFU is not 
suitable for the service. 


B. Riser isolation: Risers that experience excessive thermal expansion shall be 
suspended from Mason Type 30N spring hangers or supported by Mason Type 
SLF(H) spring mountings, anchored with Mason Type ADA(H) anchors, and guided 
with Mason Type VSG(H) sliding guides or smaller as designed by engineer. 
Horizontal pipe runs and branches shall be supported on Mason Type 30N spring 
hangers for the first three supports from the risers.  Steel springs shall be selected to 
provide a minimum of 0.75"static deflection except in those expansion locations 
where additional deflection is required to limit load changes to + 25% of the initial 
load.  Submittals must include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on the building 
structure, spring deflection changes and seismic loads.  Submittal data shall include 
certification that the riser system has been examined for excessive stresses and that 
none will exist in the proposed design.   


3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 


A. Install flexible connections in piping where they cross seismic joints, where adjacent 
sections or branches are supported by different structural elements, and where the 
connections terminate with connection to equipment that is anchored to a different 
structural element from the one supporting the connections as they approach 
equipment. 
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3.7 ADJUSTING 


A. Adjust isolators after piping system is at operating weight. 


B. Adjust limit stops on restrained spring isolators to mount equipment at normal 
operating height.  After equipment installation is complete, adjust limit stops so they 
are out of contact during normal operation. 


C. Adjust active height of spring isolators. 


D. Adjust restraints to permit free movement of equipment within normal mode of 
operation. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SUMMARY

		A. All plumbing piping and equipment as noted on the equipment schedules or in the specification shall be mounted on vibration isolators to prevent the transmission of vibration and mechanically transmitted sound to the building structure.

		B. Vibration isolators shall be selected in accordance with the weight distribution so as to produce reasonably uniform deflections.

		C. All plumbing piping and equipment as noted on the equipment schedules, in the specification or as required by code shall be designed to resist seismic forces.  Refer to Section 220548 Seismic Restraint for Piping and Equipment

		D. This Section includes the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 220549:  Seismic Restraint for Piping and Equipment



		1.4 DEFINITIONS

		A. AHJ: Authority Having Jurisdiction

		B. IBC:  International Building Code with State Amendments.

		C. ICC-ES:  ICC-Evaluation Service.

		D. OSHPD:  Office of Statewide Health Planning and Development for the State of California. Nationally recognized state enforcement agency for certifying and seismic restraint systems.



		1.5 CODES AND STANDARDS

		A. Provide components conforming to the load requirements of the latest addition of the local building code and the following:



		1.6 PERFORMANCE REQUIREMENTS

		A. Seismic-Restraint Loading:

		B. Component Importance Factor:



		1.7 QUALITY ASSURANCE

		A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

		B. Comply with seismic-restraint requirements in the CBC unless requirements in this Section are more stringent.

		C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."

		D. Building Structural Limits: The design of supports and restraints shall not exceed the building structure allowable point loads.  Coordinate all work with the registered professional Structural Engineer.



		1.8 SUBMITTALS

		A. Product Data shall include the following:

		B. Shop Drawings:

		C. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

		D. Coordination Drawings:  Show coordination and plan locations of seismic bracing for HVAC piping, ductwork, and equipment with other systems and equipment in the vicinity, including other supports and seismic restraints.

		E. Qualification Data:  Devices shall be selected to meet seismic and support requirements by a registered professional Structural Engineer.

		F. Air-Mounting System Performance Certification:  Include natural frequency, load, and damping test data performed by an independent test agency.

		G. Operation and Maintenance Data:  For air-mounting systems to include in operation and maintenance manuals.





		PART 2 - PRODUCTS

		2.1 GENERAL REQUIREMENTS AND APPLICATION

		A. Factory Finishes:

		B. Glumac Device Key Schedule:  Part 3 of this Section schedules the application of devices described in Part 2 for use with plumbing equipment found on this project.  The tag designation of preferred devices is as follows:



		2.2 VIBRATION ISOLATORS

		A. Basis-of-Design Product:  Subject to compliance with requirements, provide a product by one of the following:

		B. P-1 Style:  Neoprene pads shall consist of a 3/4" (19 mm) thick neoprene pad molded in square waffle modules, a minimum 1/4” (6 mm) thick steel load distribution plate and 3/4” ( 19 mm) hole with a neoprene anchor bolt bushing with a flat washer face.  Pads may be single or multiple layers as required for leveling.  Pads shall be Mason #MBSW Series or equal.

		C. P-2 Style:  Bridge�bearing neoprene mountings shall have a minimum static deflection of 0.2" (5mm) and all directional seismic capability.  The mount shall consist of a ductile iron casting containing two separated and opposing molded neoprene elements.  The elements shall prevent the central threaded sleeve and attachment bolt from contacting the casting during normal operation.  The shock absorbing neoprene materials shall be compounded to bridge�bearing specifications.  Mountings shall be Mason #BR Series or equal.

		D. P-3 Style:  All-directional seismic snubbers shall consist of interlocking steel members restrained by a one-piece molded neoprene bushing of bridge bearing neoprene.  Bushing shall be replaceable and a minimum of 1/4” (6 mm) thick.  A minimum air gap of 1/8” (3 mm) shall be incorporated in the snubber design in all directions before contact is made between the rigid and resilient surfaces.  No sharp edges such as bolt threads may come in contact with the neoprene bushing.  Snubber end caps shall be removable to allow inspection of internal clearances.  Snubber shall be Mason #Z-1225 Series or equal.

		E. P-4 Style:  All directional seismic snubbers shall consist of interlocking steel members restrained by shock absorbent rubber materials compounded to bridge bearing specifications.  Elastomeric materials shall be replaceable and a minimum of 3/4" (19 mm) thick.  Rated loadings shall not exceed 1000 psi.  Snubbers shall be manufactured with an air gap between hard and resilient material of not less than 1/8" (3 mm) nor more that 1/4" (6 mm).  Snubbers shall be installed with factory set clearances.  The capacity of the seismic snubber at 3/8" (9 mm) deflection shall be equal or greater than the load assigned to the mounting grouping controlled by the snubber multiplied by the applicable "G" force.  Submittals shall include the load deflection curves up to 1/2" (12 mm) deflection in the x, y and z planes.  Snubbers shall be Mason #Z-1011 Series or equal.

		F. S-1 Style:  Spring isolators shall be free standing and laterally stable without any housing and complete with a molded neoprene cup or 1/4" (6 mm) neoprene acoustical friction pad between the base plate and the support.  All mountings shall have leveling bolts that must be rigidly bolted to the equipment.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load.  Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  Two base plate holes for attachment to support surface.  Isolators shall be Mason #SLFH Series or equal.

		G. S-2 Style:  Restrained spring mountings shall include springs that are free standing and laterally stable and complete with a molded neoprene cup or 1/4" (6 mm) neoprene acoustical friction pad between the spring and the mounting base plate.  All spring assemblies shall have leveling bolts. Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  Mount housing shall include vertical limit stops to prevent spring extension when weight is removed.  All restraining bolts shall have large rubber grommets to provide cushioning in the vertical and horizontal directions.  A minimum clearance of 3/8” (9 m) shall be maintained around restraining bolts so as not to interfere with the spring action.  Mountings shall be Mason #SLR Series or #SLRS Series for steel/wood connections and Mason #SLREBP Series or #SLRSEBP Series or #SSLFH Series for concrete connections or equal.



		2.3 VIBRATION ISOLATION STEEL EQUIPMENT BASES

		A. Basis-of-Design Product:  Subject to compliance with requirements provide a comparable product by one of the following:

		B. B-1 Style: Vibration isolation manufacturer shall furnish integral structural steel bases designed to prevent excessive base flexure at start up, prevent misalignment of equipment and provide attachment points for seismic restraints.  Bases shall be rectangular in shape and constructed of welded structural steel angle or channel members.  Base shall be Mason #MSL Series or equal.

		C. B-2 Style:  Vibration isolation manufacturer shall furnish integral structural steel bases designed to prevent excessive base flexure at start up, prevent misalignment of equipment and provide attachment points for seismic restraints.  Bases shall be rectangular in shape and constructed of welded wide flange structural steel main members with cross bracing located at or near each restraint location.  Where height saving brackets are required, they shall be employed in all mounting locations to maintain a 1" (25 mm) clearance below the base.  Base shall be Mason #WFSL Series or equal.

		D. B-3 Style:  Vibration isolation manufacturer shall furnish rectangular steel concrete pouring forms for floating and inertia foundations. Bases for split case pumps shall be large enough to provide for suction and discharge elbows and shall be 6”deep for pumps thru 75 HP and 10” deep for pumps 100 HP thru 250HP.  Forms shall include minimum concrete reinforcing consisting of #4 bars welded in place on 6" centers running both ways in a layer 1-1/2" above the bottom. Forms shall be furnished with steel templates to hold the anchor bolts sleeves and anchors while concrete is being poured.  Height saving brackets shall be employed in all mounting locations to maintain a 1" clearance below the base.  Base shall be Mason #BMK Series or #KSL Series or equal.



		2.4 SPRING HANGERS

		A. H-1 Style:  Spring hangers shall consist of rigid steel frames containing minimum 1-1/4” (32 mm) thick neoprene elements at the top and steel springs that are free standing and laterally stable seated in a steel washer reinforced neoprene cup at the bottom.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  The neoprene element and the cup shall have a neoprene bushing projecting through the steel box. A seismic rebound washer made of steel and surrounding neoprene shall be provided. Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod to swing through a 30 arc from side to side before contacting the rod bushing and short circuiting the spring. Hangers shall be Mason #RW30N Series.



		2.5 PIPE GUIDES AND SUPPORTS

		A. G-1 Style:  All-directional acoustical pipe anchors shall consist of two sizes of steel tubing separated by a minimum 1/2" (12 mm) thick 60 durometer neoprene.  Vertical restraint shall be provided by similar material arranged to prevent vertical travel in either direction.  Allowable loads on the isolation material should not exceed 500 psi and the design shall be balanced for equal resistance in any direction.  All-directional anchors shall be Mason #ADA Series or equal.

		B. G-2 Style:  Vertical sliding pipe guides shall consist of a telescopic arrangement of two sizes of steel tubing separated by a minimum 1/2" (20 mm) thickness of 60 durometer neoprene.  The height of the guides shall be preset with a shear pin to allow vertical motion due to pipe expansion or contraction.  Shear pin shall be removable and reinsertable to allow for selection of pipe movement.  Guides shall be capable of 1-5/8" (41 mm) upwards or downwards motion, or to meet location requirements.  Pipe guides shall be Mason #VSG Series or equal.

		C. G-3 Style:  Horizontal thrust restraints shall consist of a spring element seated in a steel washer reinforced neoprene cup at the bottom, in series with a molded neoprene element.  Steel springs shall be free standing and laterally stable. Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  The spring element shall be designed so it can be preset for thrust at the factory and adjusted in the field to allow for a maximum of 1/4" (6 mm) movement at start and stop.  The assembly shall be furnished with 1 rod and angle brackets for attachment to both the equipment and the ductwork or the equipment and the structure.  Horizontal restraints shall be attached at the centerline of thrust and symmetrical on either side of the unit.  Horizontal thrust restraints shall be Mason #WBI Series or #WBD Series or equal.



		2.6 SWAY BRACING

		A. SB-1 Style:  Seismic sway braces shall consist of galvanized steel aircraft cables or steel angles or struts.  Cables braces shall be designed to resist seismic tension loads and steel braces shall be designed to resist both tension and compression loads with a minimum safety factor of two (2).  Brace end connections shall be steel assemblies that swivel to the final installation angle.  Steel angles or struts, when required, shall be clamped to the threaded hanger rods at the seismic sway brace locations utilizing a minimum of two ductile iron clamps.  Do not mix cable and steel braces to brace the same system or equipment.  Cable brace assemblies shall be Mason #SCB Series or #SCBH Series, steel brace assemblies shall be Mason #SSB Series, #SSBS Series or #SHB Series, and rod clamps shall be Mason #SRC Series or #UCC Series or equal.



		2.7 FLEXIBLE PIPING CONNECTORS

		A. F-1 Style: Flexible spherical expansion joints for pump connections.  Shall employ peroxide cured EPDM in the covers, liners and Kevlar tire cord frictioning.  Solid steel rings shall be used within the raised face rubber ends to prevent pullout.  Flexible cable bead wire is not acceptable. Sizes 2" and larger shall have two spheres reinforced with a ring between spheres to maintain shape and complete with split ductile iron or steel flanges with hooked or similar interlocks. Sizes 16" to 24" may be single sphere.  Sizes 3/4" to 1 1/2" may have threaded bolted flange assemblies, one sphere and cable retention.  14" and smaller connectors shall be rated at 250 psi up to 190F with a uniform drop in allowable pressure to 190 psi at 250F.  16" and larger connectors are rated 180 psi at 190F and 135 psi at 250F. Safety factors to burst and flange pullout shall be a minimum of 3/1.  All joints must have permanent markings verifying a 5 minute factory test at twice the rated pressure.  Concentric reducers to the above specifications may be substituted for equal ended expansion joints.  Expansion joints shall be installed in piping gaps equal to the length of the expansion joints under pressure.  Manufacturer shall provide pre-stretching charts for expansion joints when used in conjunction with isolated equipment.  Control rods need only be used in unanchored piping locations where the manufacturer determines the installation exceeds the pressure requirement without control rods, as control rods are not desirable in seismic work.  If control rods are used, they must have 1/2" thick Neoprene washer bushings large enough in area to take the thrust at 1000 psi maximum on the washer area.  Expansion joints shall be installed on the equipment side of the shut off valves.  Submittals shall include two test reports by independent consultants showing minimum reductions of 20 DB in vibration accelerations and 10 DB in sound pressure levels at typical blade passage frequencies on this or a similar product by the same manufacturer.  All expansion joints shall be installed on the equipment side of the shut off valves. Expansion joints shall be Mason #SAFEFLEX SFDEJ Series, #SAFEFLEX SFEJ Series, #SAFEFLEX SFDCR Series or #SAFEFLEX SFU Series and Control Rods Mason #CR or equal.

		B. F-2 Style: Flexible stainless steel hose shall have stainless steel braid and carbon steel fittings. Sizes 3" (75 mm)  and larger shall be flanged.  Smaller sizes shall have male threaded nipples or copper sweat ends.  Hoses must have sufficient length, minimum 12” (300 mm) long, to accept 1/2” (12 mm) intermittent motion without failure.  Hoses shall be installed on the equipment side of the shut-off valves horizontally and parallel to the equipment shafts wherever possible.  Hoses shall be Mason #FFL Flanged Series, #CPSB Copper Sweat Series or #CSAMN Threaded Series or equal.

		C. F-3 Style: Flexible Vee or U-bend braided hose across building or expansion joints.  Piping and equipment connections shall be protected against seismic damage by the insertion of braided flexible hose Vee assemblies rated for ±4” (100mm) seismic motion in all planes.  Should the application  include ±6” (150mm) thermal movement or thermal movement alone, install the Vee so the thermal movement is axial.  Vees shall have a minimum burst pressure of four times their rated pressure.  Vees in steel lines shall have stainless hose and braid.  Copper lines, bronze hose and braid.  Guiding and anchoring shall be as recommended by the manufacturer.  60° Vees shall be Mason #VFL flanged braided steel Series, #VMN Threaded Braided Stainless Steel Series or #VCPSB Copper Sweat Series or equal.



		2.8 BRACING DEVICES FOR EQUIPMENT, PIPING, AND DUCTWORK.

		A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

		B. General Requirements for Restraint Components:  Rated strengths, features, and applications shall be as defined in reports by an agency acceptable to authorities having jurisdiction.

		C. Snubbers:  Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and replaceable resilient isolation washers and bushings.

		D. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly made of slotted steel channels with accessories for attachment to braced component at one end and to building structure at the other end and other matching components and with corrosion-resistant coating; and rated in tension, compression, and torsion forces.

		E. Hanger Rod Stiffener:  Steel tube, steel slotted support system sleeve or reinforcing steel angle clamped to hanger rod are acceptable.

		F. Bushings for Floor-Mounted Equipment Anchorage:  Neoprene bushings designed for rigid equipment mountings, and matched to type and size of anchor bolts and studs.

		G. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment devices used.

		H. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant neoprene, with a flat washer face.

		I. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior applications and stainless steel for exterior applications.  Select anchor bolts with strength required for anchor and as tested according to ASTM E488.  Minimum length of eight times diameter.

		J. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless steel for exterior applications.  Exterior locations not exposed to weather (i.e. under roofing) can be galvanized. Select anchor bolts with strength required for anchor and as tested according to ASTM E488.





		PART 3 - EXECUTION

		3.1 LOCATION AND APPLICATION OF VIBRATION ISOLATION EQUIPMENT

		A. The following Tables provide schedules for vibration devices required for isolation of plumbing equipment provided on the project.  Refer to Part 2 above for device specifications.

		B. Pumps – Equipment Isolation

		C. Miscellaneous Equipment Isolation



		3.2 EXAMINATION

		A. Examine areas and equipment to receive vibration isolation and seismic and wind-control devices for compliance with requirements for installation tolerances and other conditions affecting performance.

		B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 APPLICATIONS

		A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for application by an evaluation service or agency acceptable to authorities having jurisdiction. Indicate on Drawings, by details, schedules, or a combination of both, the locations where hanger rods for individual pipes and hanger rods for trapeze hangers require hanger rod stiffeners.

		B. Hanger Rod Stiffeners:  Install hanger rod stiffeners where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods due to seismic forces.

		C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static and seismic loads within specified loading limits.



		3.4 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION

		A. Comply with requirements in Division 07 Section "Roof Accessories" for installation of roof curbs, equipment supports, and roof penetrations.

		B. Comply with manufacturer's recommendations for selection and application of vibration isolation materials and units except as otherwise indicated.  Comply with minimum static deflections recommended by ASHRAE, of vibration isolation materials and units where not otherwise indicated.

		C. Comply with manufacturer's instructions for installation and load application to vibration control materials and units except as otherwise indicated.  Adjust to ensure that units have equal deflection, do not bottom out under loading, and are not short�circuited by other contacts or bearing points.  Remove space blocks and similar devices intended for temporary support during installation.

		D. All vibration isolators and seismic restraint systems must be installed in strict accordance with the manufacturers written instructions and all certified submittal data.

		E. Installation of vibration isolators and seismic restraints must not cause any change of position of equipment, piping or ductwork resulting in stresses or misalignment.  

		F. No rigid connections between equipment and the building structure shall be made that degrades the noise and vibration control system herein specified.

		G. Any conflicts with other trades which will result in rigid contact with equipment or piping due to inadequate space or other unforeseen conditions should be brought to the architects/engineers attention prior to installation.  Corrective work necessitated by conflicts after installation shall be at the responsible contractor’s expense.

		H. Install units between substrate and equipment as required for secure operation and to prevent displacement by normal forces, and as indicated.

		I. Adjust leveling devices as required to distribute loading uniformly onto isolators.  Shim units as required where substrate is not level.

		J. Flexible Pipe Connectors:  Install on equipment side of shutoff valves.

		K. Upon completion of vibration control work, prepare report showing measured equipment deflections for each major item of equipment as indicated.  Clean each vibration control unit, and verify that each is working freely, and that there is no dirt or debris in immediate vicinity of unit that could possibly short�circuit unit isolation.

		L. Equipment Restraints:

		M. Piping Restraints:

		N. Install cables so they do not bend across edges of adjacent equipment or building structure.

		O. Install seismic-restraint devices using methods approved by an evaluation service or agency acceptable to the authorities having jurisdiction, providing required submittals for component.

		P. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide resilient media between anchor bolts and mounting hole in concrete base.

		Q. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.

		R. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.

		S. Drilled-in Anchors:



		3.5 VIBRATION ISOLATION OF PIPING

		A. Horizontal Piping: The first three pipe supports from vibration isolated equipment must be vibration isolated.   The static deflection of the pipe support isolators must be equal to the static deflection for the isolators under the connected equipment.  Overhead piping shall suspend from Mason Type 30N spring hangers, or equal.  Floor supported piping shall rest on Mason Type SLR isolators, or equal.  Refer to contract drawings for additional vibration isolation requirements for piping.  Where piping connects to plumbing equipment install Mason Type SFDEJ or SFU expansion joints or Mason Type FFL stainless hoses if Type SFDEJ or SFU is not suitable for the service.

		B. Riser isolation: Risers that experience excessive thermal expansion shall be suspended from Mason Type 30N spring hangers or supported by Mason Type SLF(H) spring mountings, anchored with Mason Type ADA(H) anchors, and guided with Mason Type VSG(H) sliding guides or smaller as designed by engineer. Horizontal pipe runs and branches shall be supported on Mason Type 30N spring hangers for the first three supports from the risers.  Steel springs shall be selected to provide a minimum of 0.75"static deflection except in those expansion locations where additional deflection is required to limit load changes to + 25% of the initial load.  Submittals must include riser diagrams and calculations showing anticipated expansion and contraction at each support point, initial and final loads on the building structure, spring deflection changes and seismic loads.  Submittal data shall include certification that the riser system has been examined for excessive stresses and that none will exist in the proposed design.  



		3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

		A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or branches are supported by different structural elements, and where the connections terminate with connection to equipment that is anchored to a different structural element from the one supporting the connections as they approach equipment.



		3.7 ADJUSTING

		A. Adjust isolators after piping system is at operating weight.

		B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  After equipment installation is complete, adjust limit stops so they are out of contact during normal operation.

		C. Adjust active height of spring isolators.

		D. Adjust restraints to permit free movement of equipment within normal mode of operation.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SUMMARY 


A. This Section includes the following: 
1. Seismic restraint and support of piping and plumbing equipment as required 


by code and as designed by project registered professional Structural 
Engineer. 


1.3 DEFINITIONS 


A. AHJ:  Authority Having Jurisdiction 


B. CBC:  California Building Code 


C. ICC-ES:  ICC-Evaluation Service 


D. Mechanical Components: Examples of attachments and supports for a variety of 
mechanical components are shown as follows:  


 


E. Mechanical Supports: Those members, assemblies of members, or manufactured 
elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, 
and associated fasteners that transmit loads between nonstructural components and 
their attachments to the structure. 
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F. Mechanical Attachments: Means by which components or supports of nonstructural 
components are secured or connected to the seismic force-resisting system of the 
structure.  Such attachments include anchor bolts, welded connections, and 
mechanical fasteners. 


1.4 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 220548:  Vibration Isolation for Piping and Equipment 


1.5 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products.  Units shall not be fabricated 
by the Contractor. 


B. Structural Performance: Restraint devices and systems shall withstand the effects of 
locally defined gravity loads, seismic loads, dead loads, live loads, winds loads and 
stresses within limits and under conditions indicated according to the Building Code 
and ASCE 7.  Coordinate all support structures and restraint systems with project 
registered professional Structural Engineer. 


C. Codes and Standards:  Provide components conforming to the seismic load 
requirements of the latest addition of the local building code and the following: 
1. International Building Code with State Amendments 


a. Section 1613: Standard Occupancies 
b. Section 1616: Schools (DSA-SS/CC Projects in California) 
c. Section 1616A: Healthcare (OSHPD and DSA-SS Projects in 


California) 
2. American Society of Civil Engineers (ASCE): 


a. ASCE 7-10 - Minimum Design Loads for Buildings and Other 
Structures 


3. Mason West Inc., Seismic Restraint Guidelines 
a. OPM-0043-13 for all suspended piping. 


1.6 PERFORMANCE REQUIREMENTS 


A. Component Importance Factor: 
1. Ip=1.0: Standard Occupancies and components associated with Risk 


Category I, II, and III, including offices and schools. 


1.7 SUBMITTALS 


A. Product Data: 
1. Include rated load, rated deflection, and overload capacity for each device or 


system. 
2. Illustrate and indicate style, material, strength, fastening provision, and finish 


for each type and size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report 


numbers and rated strength in tension and shear as evaluated by an 
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evaluation service or agency acceptable to authorities having 
jurisdiction. 


b. Annotate to indicate application of each product submitted and 
compliance with requirements. 


B. Seismic Restraint Calculations 
1. Where seismic restraint sizes, spacing and anchorage are included in the 


Mason West Seismic Restraint of Suspended Distribution Systems OSHPD 
pre-approval OPM-0043-13 no further calculations are required. 


2. Where additional information is required: 
a. Seismic restraint calculations must be provided for all connections to 


the structure. 
b. Calculations must be stamped by a registered professional 


Structural Engineer. 


1.8 MANUFACTURER AND CONTRACTOR RESPONSIBILITIES 


A. All seismic restraints shall be designed by a registered professional Structural 
Engineer. 


B. Seismic restraint layouts for piping shall be added to the contractor’s shop drawings 
and shall include: 
1. Location of seismic braces. 


C. Submit seismic restraint layout drawings and special details for approval of the 
project registered professional Structural Engineer Seismic restraint layout drawings 
shall bear the stamp and signature of the registered professional Structural Engineer 
who designed the layout of the braces. 


1.9 LOADS ON STRUCTURE 


A. The responsibility of determining allowable loads on the structure is the sole 
responsibility of the project registered professional Structural Engineer. 


B. Maximum support loads and seismic brace loads on the structure must be less than 
the maximum allowable loads defined by the project registered professional 
Structural Engineer, as shown on the plans. 


C. Where maximum loads are not listed on the plans or the maximum allowable loads 
cannot be met, any additional support steel required to reduce support and seismic 
bracing loads on the structure shall be designed by the project registered 
professional Structural Engineer and installed by others. 


D. Mechanical component supports and the means by which that are attached to the 
component shall be designed for the forces and displacements determined in ASCI 
7-10 Section 13.3.1 and 13.3.2.  Such supports include structural members, braces, 
frames, skirts, legs, saddles, pedestals, cables, guys, stays, snubbers, and tethers, 
as well as elements forged or cast as a part of the mechanical component. 


E. Mechanical supports are those members, assemblies of members, or manufactured 
elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, 
and associated fasteners that transmit loads between nonstructural components and 
their attachments to the structure. 
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F. Mechanical attachments are the means by which components or supports of 
nonstructural components are secured or connected to the seismic force-resisting 
system of the structure.  Such attachments include anchor bolts, welded 
connections, and mechanical fasteners. 


PART 2 - PRODUCTS 


2.1 INTENT 


A. All seismic restraints described in this section shall be the product of a single 
manufacturer. 


B. Mason Industries products are the basis of these specifications; products of other 
manufacturers may be submitted for review provided their systems strictly comply 
with the specifications. 


2.2 SEISMIC SWAY BRACING 


A. Seismic sway braces shall consist of galvanized steel aircraft cables, steel angles or 
steel struts. 


B. Cables braces shall be designed to resist seismic tension loads and steel braces 
shall be designed to resist both tension and compression loads.  Brace end 
connections shall be steel assemblies that swivel to the final installation angle. 


C. Cable brace assemblies shall have published strength and stiffness ratings based on 
testing per FM-1950 standards. 


D. Angle or strut bracket assemblies shall be FM Approved except as noted below. 


E. Steel angles or struts, when required, shall be clamped to the threaded hanger rods 
at the seismic sway brace locations utilizing a minimum of two ductile iron clamps. 


F. Cable brace bracket assemblies shall be Type SCB or SCBH.  Solid brace bracket 
assemblies shall be Type SSB-FM, SSBS-FM or SHB-FM.  All bracket assemblies 
shall have published strength and stiffness values based on testing per FM-1950. 


G. Rod clamps shall be Type SRC or UCC. 


PART 3 - EXECUTION 


A. All seismic restraint systems must be installed in strict accordance with the 
manufacturers written instructions and all certified submittal data. 


B. Installation of seismic restraints must not cause any change of position of equipment, 
piping or ductwork resulting in stresses or misalignment. 


C. No connections between the piping and the building structure shall be made that 
degrades the seismic restraint system herein specified. 


D. Any conflicts with other trades due to inadequate space or other unforeseen 
conditions should be brought to the attention of the Owner’s Representative prior to 
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installation.  Corrective work necessitated by conflicts after installation shall be at the 
responsible contractor’s expense. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 SUMMARY

		A. This Section includes the following:



		1.3 DEFINITIONS

		A. AHJ:  Authority Having Jurisdiction

		B. CBC:  California Building Code

		C. ICC-ES:  ICC-Evaluation Service

		D. Mechanical Components: Examples of attachments and supports for a variety of mechanical components are shown as follows: 

		E. Mechanical Supports: Those members, assemblies of members, or manufactured elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, and associated fasteners that transmit loads between nonstructural components and their attachments to the structure.

		F. Mechanical Attachments: Means by which components or supports of nonstructural components are secured or connected to the seismic force-resisting system of the structure.  Such attachments include anchor bolts, welded connections, and mechanical fasteners.



		1.4 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 220548:  Vibration Isolation for Piping and Equipment



		1.5 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide systems that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Structural Performance: Restraint devices and systems shall withstand the effects of locally defined gravity loads, seismic loads, dead loads, live loads, winds loads and stresses within limits and under conditions indicated according to the Building Code and ASCE 7.  Coordinate all support structures and restraint systems with project registered professional Structural Engineer.

		C. Codes and Standards:  Provide components conforming to the seismic load requirements of the latest addition of the local building code and the following:



		1.6 PERFORMANCE REQUIREMENTS

		A. Component Importance Factor:



		1.7 SUBMITTALS

		A. Product Data:

		B. Seismic Restraint Calculations



		1.8 MANUFACTURER AND CONTRACTOR RESPONSIBILITIES

		A. All seismic restraints shall be designed by a registered professional Structural Engineer.

		B. Seismic restraint layouts for piping shall be added to the contractor’s shop drawings and shall include:

		C. Submit seismic restraint layout drawings and special details for approval of the project registered professional Structural Engineer Seismic restraint layout drawings shall bear the stamp and signature of the registered professional Structural Engineer who designed the layout of the braces.



		1.9 LOADS ON STRUCTURE

		A. The responsibility of determining allowable loads on the structure is the sole responsibility of the project registered professional Structural Engineer.

		B. Maximum support loads and seismic brace loads on the structure must be less than the maximum allowable loads defined by the project registered professional Structural Engineer, as shown on the plans.

		C. Where maximum loads are not listed on the plans or the maximum allowable loads cannot be met, any additional support steel required to reduce support and seismic bracing loads on the structure shall be designed by the project registered professional Structural Engineer and installed by others.

		D. Mechanical component supports and the means by which that are attached to the component shall be designed for the forces and displacements determined in ASCI 7-10 Section 13.3.1 and 13.3.2.  Such supports include structural members, braces, frames, skirts, legs, saddles, pedestals, cables, guys, stays, snubbers, and tethers, as well as elements forged or cast as a part of the mechanical component.

		E. Mechanical supports are those members, assemblies of members, or manufactured elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, and associated fasteners that transmit loads between nonstructural components and their attachments to the structure.

		F. Mechanical attachments are the means by which components or supports of nonstructural components are secured or connected to the seismic force-resisting system of the structure.  Such attachments include anchor bolts, welded connections, and mechanical fasteners.





		PART 2 - PRODUCTS

		2.1 INTENT

		A. All seismic restraints described in this section shall be the product of a single manufacturer.

		B. Mason Industries products are the basis of these specifications; products of other manufacturers may be submitted for review provided their systems strictly comply with the specifications.



		2.2 SEISMIC SWAY BRACING

		A. Seismic sway braces shall consist of galvanized steel aircraft cables, steel angles or steel struts.

		B. Cables braces shall be designed to resist seismic tension loads and steel braces shall be designed to resist both tension and compression loads.  Brace end connections shall be steel assemblies that swivel to the final installation angle.

		C. Cable brace assemblies shall have published strength and stiffness ratings based on testing per FM-1950 standards.

		D. Angle or strut bracket assemblies shall be FM Approved except as noted below.

		E. Steel angles or struts, when required, shall be clamped to the threaded hanger rods at the seismic sway brace locations utilizing a minimum of two ductile iron clamps.

		F. Cable brace bracket assemblies shall be Type SCB or SCBH.  Solid brace bracket assemblies shall be Type SSB-FM, SSBS-FM or SHB-FM.  All bracket assemblies shall have published strength and stiffness values based on testing per FM-1950.

		G. Rod clamps shall be Type SRC or UCC.





		PART 3 - EXECUTION

		A. All seismic restraint systems must be installed in strict accordance with the manufacturers written instructions and all certified submittal data.

		B. Installation of seismic restraints must not cause any change of position of equipment, piping or ductwork resulting in stresses or misalignment.

		C. No connections between the piping and the building structure shall be made that degrades the seismic restraint system herein specified.

		D. Any conflicts with other trades due to inadequate space or other unforeseen conditions should be brought to the attention of the Owner’s Representative prior to installation.  Corrective work necessitated by conflicts after installation shall be at the responsible contractor’s expense.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other 
Sections in Division 22 specified herein. 


1.2 WORK RELATED IN OTHER SECTIONS 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 221000:  Plumbing Piping, Valves and Specialties 


C. Section 230593:  Testing, Adjusting and Balancing (HVAC) 


D. Section 230900:  Building Automation System (BAS) Controls 


E. Division 26:  Electrical. 


1.3 SUMMARY 


A. Scope:  Extent of testing, adjusting and balancing work required by this Section is 
indicated on the drawings, in schedules, and by the requirements of this Section, and 
Section 230500 -Basic Mechanical Requirements. 


B. Systems:  Testing, adjusting and balancing specified in this Section shall include, but 
not be limited to, the following systems: 
1. Domestic hot water recirculation system and branch water flows. 
2. Domestic hot water mixing valves. 
3. Pressure regulating valves serving domestic systems. 
4. Instruction of Owner's personnel for future balancing of systems. 


C. Auto flow devices to be utilized to balance system. 


1.4 CODES AND STANDARDS 


A. The Contractor is cautioned that code requirements not explicitly detailed in these 
specifications or drawings, but which may be reasonably inferred or implied from the 
nature of the project, must be provided as part of the contract. 


B. Reference Standards 
1. ANSI/ASHRAE Standard 111 - Measurement, Testing, Adjusting and 


Balancing of Building HVAC Systems (current edition). 
2. ASHRAE - HVAC Applications Handbook: Chapter 38 - Testing, Adjusting 


and Balancing (current edition). 
3. ASHRAE 90.1 - Energy Standard for Buildings Except Low-Rise Residential 


Buildings, Chapter 6 (current edition). 
4. Local Nonresidential Energy Code. 


1.5 AGENDA 
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A. Agenda:  A preliminary report and agenda shall be submitted and approved prior to 
the start of testing and balancing work. 
1. Review plans and specifications prior to installation of any of the affected 


systems, and submit a report indicating any deficiencies in the systems that 
would preclude the proper adjusting, balancing, and testing of the systems. 


2. The agenda shall include a general description of each air and water system 
with its associated equipment and operation cycles for heating and cooling. 


3. The agenda shall include a list of all domestic hot water flows to be 
performed at all mechanical equipment. 


4. The agenda shall include identification and types of measurement 
instruments to be used, and their most recent calibration date. 


1.6 JOB CONDITIONS 


A. General:  Do not proceed with testing, adjusting and balancing work until the 
following conditions have been met. 
1. Installation and start-up work on equipment or systems to be tested has 


been completed and documented. 
2. Work area scheduled for testing, adjusting and balancing is clean and free 


from debris, dirt and discarded building materials. 
3. All related mechanical systems which may affect the operation of the system 


to be tested shall be at their normal operating conditions. 


PART 2 - PRODUCTS 


2.1 TEST INSTRUMENTS 


A. Test Instruments:  All instruments used for measurements shall be accurate and 
calibration histories for each instrument shall be available for examination.  Each test 
instrument shall be calibrated by an approved laboratory or by the manufacturer.  
The Owner’s Representative has the right to request instrument recalibration, or the 
use of other instruments and test methodology, where accuracy of readings is 
questionable. 


B. Additional Instruments:  Permanently installed measuring instruments, such as 
temperature and pressure gauges, shall be checked against Certified Calibrated 
instruments.  Any instrument which does not meet specification requirement shall be 
replaced or recalibrated. 


PART 3 - EXECUTION 


3.1 PROCEDURES AND INSTRUMENTS, GENERAL 


A. Requirements:  All systems and components thereof shall be adjusted to perform as 
required by approved project drawings and specifications. 


B. Test Duration:  Operating tests of heating and cooling coils, fans, and other 
equipment shall be of not less than four hours duration after stabilized operating 
conditions have been established.  Capacities shall be based on temperatures and 
air and water quantities measured during such tests. 


C. Instrumentation:  Method of application of instrumentation shall be in accordance 
with the approved agenda. 
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1. All instruments shall be applied in accordance with the manufacturer's 
certified instructions. 


2. All labor, instruments, and appliances required shall be furnished by the 
Contractor.   


3.2 WATER SYSTEM PROCEDURES 


A. Preparation: 
1. Open all valves to full open position. 
2. Check pump rotation. 
3. Check expansion tank(s) to determine they are not air bound and the system 


is completely full of water. 
4. Check all air vents at high points of water systems and determine that all are 


installed and operating freely. 
5. Operate each variable frequency drive (VFD) and verify controls installation 


is complete. 
6. Check that hot water heaters and heat exchangers are fully operational. 
7. Check that pressure regulating valves are operational over full range. 


B. Metering:  Water quantities and pressures shall be measured with calibrated meters. 
1. Venturi tubes, orifices, or other metering fittings and pressure gauges shall 


be used to measure water flow rates and balance systems. 
2. Systems shall be adjusted to provide the approved pressure drops through 


the heat transfer equipment (coils except room units, converters, etc.) prior 
to the capacity testing. 


C. Distribution:  Adjustment of distribution shall be effected by means of balancing 
valves and automatic flow control valves as provided.  Manual service valves shall 
not be used for balancing. 
1. Where automatic flow control valves are utilized in lieu of manual balancing 


valves, only pressure differential need be recorded, provided that the 
pressure is at least the minimum applicable to the tag rating. 


D. Water System Test and Balance Procedure:  Perform the following tests, and 
balance each system in accordance with the following requirements: 
1. Set domestic recirculating pumps and associated balancing valves to proper 


gallons per minute delivery. 
2. Set pressure booster pumps and associated balancing valves to proper 


gallons per minute delivery. 
3. Adjust recirculation hot water flow at each branch. 
4. Coordinate with recirculation pump control system and record timeclock 


periods and setpoint. 
5. Test and record entering and leaving water temperatures through heat 


exchangers. 
6. Test and record entering and leaving water temperatures through central 


water distribution mixing valves (does not include fixture mounted mixing 
valves). 


7. Test, verify and record operation of domestic water pressure booster 
systems. 


8. Upon completion of flow readings and adjustments at balancing valves, 
mark all settings and record data. 


9. List all mechanical specifications of pumps. 
10. Rated and actual running amperage of pump motor. 
11. Adjust each pressure regulating valves and document final setpoint. 
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3.3 TOLERANCES 


A. Set domestic hot water flow rates within plus or minus 10 percent of specified flow 
rates. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein.



		1.2 WORK RELATED IN OTHER SECTIONS

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 221000:  Plumbing Piping, Valves and Specialties

		C. Section 230593:  Testing, Adjusting and Balancing (HVAC)

		D. Section 230900:  Building Automation System (BAS) Controls

		E. Division 26:  Electrical.



		1.3 SUMMARY

		A. Scope:  Extent of testing, adjusting and balancing work required by this Section is indicated on the drawings, in schedules, and by the requirements of this Section, and Section 230500 -Basic Mechanical Requirements.

		B. Systems:  Testing, adjusting and balancing specified in this Section shall include, but not be limited to, the following systems:

		C. Auto flow devices to be utilized to balance system.



		1.4 CODES AND STANDARDS

		A. The Contractor is cautioned that code requirements not explicitly detailed in these specifications or drawings, but which may be reasonably inferred or implied from the nature of the project, must be provided as part of the contract.

		B. Reference Standards



		1.5 AGENDA

		A. Agenda:  A preliminary report and agenda shall be submitted and approved prior to the start of testing and balancing work.



		1.6 JOB CONDITIONS

		A. General:  Do not proceed with testing, adjusting and balancing work until the following conditions have been met.





		PART 2 - PRODUCTS

		2.1 TEST INSTRUMENTS

		A. Test Instruments:  All instruments used for measurements shall be accurate and calibration histories for each instrument shall be available for examination.  Each test instrument shall be calibrated by an approved laboratory or by the manufacturer.  The Owner’s Representative has the right to request instrument recalibration, or the use of other instruments and test methodology, where accuracy of readings is questionable.

		B. Additional Instruments:  Permanently installed measuring instruments, such as temperature and pressure gauges, shall be checked against Certified Calibrated instruments.  Any instrument which does not meet specification requirement shall be replaced or recalibrated.





		PART 3 - EXECUTION

		3.1 PROCEDURES AND INSTRUMENTS, GENERAL

		A. Requirements:  All systems and components thereof shall be adjusted to perform as required by approved project drawings and specifications.

		B. Test Duration:  Operating tests of heating and cooling coils, fans, and other equipment shall be of not less than four hours duration after stabilized operating conditions have been established.  Capacities shall be based on temperatures and air and water quantities measured during such tests.

		C. Instrumentation:  Method of application of instrumentation shall be in accordance with the approved agenda.



		3.2 WATER SYSTEM PROCEDURES

		A. Preparation:

		B. Metering:  Water quantities and pressures shall be measured with calibrated meters.

		C. Distribution:  Adjustment of distribution shall be effected by means of balancing valves and automatic flow control valves as provided.  Manual service valves shall not be used for balancing.

		D. Water System Test and Balance Procedure:  Perform the following tests, and balance each system in accordance with the following requirements:



		3.3 TOLERANCES

		A. Set domestic hot water flow rates within plus or minus 10 percent of specified flow rates.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 220500 - Basic Plumbing Materials and Methods, and 
other Sections in Division 22 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall include, but not 
necessarily be limited to, providing insulation for the following: 


1. Piping Services: 
a. Domestic hot water supply and return. 
b. Process and Lab piping. 
c. Cooling coil condensate drainage. 
d. All valves, separators, strainers and fittings for systems listed above. 


2. Hot Equipment: - section includes the following Plumbing equipment that is 
not factory insulated: 
a. Hot water storage tanks. 


3. Types of plumbing piping insulation specified in this Section include the 
following: 
a. Pipe insulation: Fiberglass. 
b. Pipe insulation: Flexible elastomeric closed cell foam. 


4. Insulation jackets: 
a. Interior application 
b. Exterior application 
c. Removable covers 


5. Types of plumbing equipment insulation specified in this Section include the 
following : 
a. Equipment insulation: Fiberglass blanket 
b. Equipment insulation: Fiberglass board 
c. Equipment insulation: Cellular glass. 
d. Equipment insulation: Flexible elastomeric closed cell foam. 


6. Insulation accessories. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods. 


1.4 DEFINITIONS 


A. Ambient: The air temperature to be maintained in a conditioned room.  Typically 


between 70°F and 78°F. 


B. Insulation Group (IG):  Definition of Insulation Materials and Operating 
Temperatures. 


C. Jacket:  Protective covering over the pipe insulation; may be factory applied such as 
“all service jacket” or field applied to provide additional protection; of such materials 
as canvas, PVC, aluminum or stainless steel. 
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D. Piping Insulation:  Thermal insulation applied to prevent heat transmission to or from 
a piping system. 


E. Vapor Barrier Jacket:  Insulation jacket material that impedes the transmission of 
water vapor. 


1.5 QUALITY ASSURANCE 


A. Codes and Standards:  Provide products conforming to the requirements of the 
following: 


1. American Society for Testing and Materials (ASTM):  Manufacture and test 
insulation in accordance with the ASTM Standards, including: 
a. B209 - Specification for Aluminum and Aluminum-Alloy Sheet and 


Plat. 
b. C165 - Recommended Practice for Measuring Compressive 


Properties of Thermal Insulation. 
c. C167 - Test Methods for Thickness and Density of Blanket or Batt 


Thermal Insulations. 
d. C177 - Test Method for Steady-State Heat Flux Measurements and 


Thermal Transmission. 
e. Properties by Means of the Guarded-Hot-Plate Apparatus. 
f. C195 - Specification for Mineral Fiber Thermal Insulating Cement. 
g. C196 - Specification for Expanded or Exfoliated Vermiculite Thermal 


Insulating Cement. 
h. C302 - Test Method for Density of Preformed Pipe-Covering-Type 


Thermal Insulation. 
i. C303 - Test Method for Density of Preformed Block-Type Thermal 


Insulation. 
j. C305 - Test for Thermal Conductivity of Pipe Insulation. 
k. C356 - Test for Linear Shrinkage of Preformed High-Temperature 


Thermal Insulation. 
l. C411 - Test for Hot-Surface Performance of High Temperature 


Thermal Insulation. 
m. C423 – Standard Test Method for Sound Absorption and Sound 


Absorption Coefficients by the Reverberation Room Method. 
n. C449 - Specification of Mineral Fiber Hydraulic-Setting Thermal 


Insulating and Finishing Cement. 
o. C518 – Standard Test Method for Steady-State Thermal 


Transmission Properties by Means of the Heat Flow Meter 
Apparatus. 


p. C533 - Specification for Calcium Silicate Block and Pipe Thermal 
Insulation. 


q. C534 - Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form. 


r. C547 - Specification for Mineral Fiber Preformed Pipe Insulation. 
s. C552 - Specification for Cellular Glass Block and Pipe Thermal 


Insulation. 
t. C553 - Specification for Mineral Fiber Blanket-Type Pipe Insulation 


(Industrial Type). 
u. C592 - Mineral Fiber Blanket Insulation and Blanket-Type Pipe 


Insulation (Metal-Mesh Covered). 
v. C612 - Specification for Mineral Fiber Block and Board Thermal 


Insulation. 
w. C916 - Standard Specification for Adhesives for Duct Thermal 
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Insulation. 
x. C921 - Practice for Determining Properties of Jacketing Materials for 


Thermal Insulation. 
y. C1104 – Standard Test Method for Determining the Water Vapor 


Sorption of Unfaced Mineral Fiber Insulation. 
z. C1071 - Standard Specification for Thermal and Acoustical 


Insulation. 
aa. C1338 – Standard Test Method for Determining Fungi Resistance of 


Insulation Materials and Facings.. 
bb. E84 - Test Method for Surface Burning Characteristics of Building 


Materials. 
cc. E119 - Test for Fire Resistance. 
dd. G21 – Standard Practice for Determining Resistance of Synthetic 


Polymeric Materials to Fungi. 
ee. G22 – Standard Practice for Determining Resistance of Synthetic 


Polymeric Materials to Bacteria. 
2. American Society of Heating, Refrigerating, and Air-Conditioning Engineers 


(ASHRAE):  Provide and install pipe and duct insulation in accordance with 
the following ASHRAE Standard: 
a. 90 Energy Conservation in New Building Design. 


3. National Fire Protection Association (NFPA):  Manufacture insulation in 
accordance with the following NFPA standards: 
a. 255 Test Methods, Surface Burning Characteristics of Building 


Materials. 


B. Do not provide materials with flame proofing treatments subject to deterioration due 
to the effects of moisture or high humidity. 


C. Products Containing Prohibited Chemicals: 
1. Products containing the following prohibited chemicals for use as flame 


retardants or for other purposes will not be acceptable: 
a. Pentabrominated diphenyl ether (CAS#32534-81-9) 
b. Octabrominated diphenyl ether (CAS#32536-52-0) 
c. Decabrominated diphenyl ether (CAS#1163-19-50 


D. Flame/Smoke Rating:  Provide composite mechanical insulation (insulation, jackets, 
coverings, sealers, mastics and adhesives) with flame-spread index of 25 or less, 
and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) 
Method.  In addition, the products, when tested, shall not drip flame particles, and 
flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or 
listing; or satisfactory certified test report from an approved testing laboratory to 
prove the fire hazard ratings for materials proposed for use do not exceed those 
specified. 


E. Corrosiveness:  Provide insulation such that when tested in accordance with the 
following test, the steel plate in contact with the insulation shows no greater corrosion 
than sterile cotton in contact with a steel plate for comparison. 


1. Test Specimen:  Two specimens shall be used, each measuring 1” by 4” by 
approximately ½” thick. 


2. Apparatus:  Provide a humidity test chamber in which two polished-steel test 
plates, 1” wide, 4” long and 0.020” thick, shall be placed.  Plates shall be clear 
finish, cold-rolled strip steel, American quality, quarter hard, temper No. 3, 
weighing 0.85 lb/sq. ft. 


3. Procedure:  The steel test plates shall be rinsed with cp benzol until their 
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surfaces are free from oil and grease and allowed to dry.  One piece of cold-
rolled steel shall be placed between the two insulation specimens and 
secured with tape or twine.  The test specimen and uncovered plate shall be 
suspended vertically in an atmosphere having a relative humidity of 95% (plus 
or minus 3%), and a temperature of 120°F (plus or minus 3°F), for 96 hours, 
and then be examined for corrosion. 


F. Insulation thickness shall be the greater standard of that specified here or the State 
energy conservation requirements. 


1.6 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data and installation 
instructions for each type of mechanical insulation.  Submit schedule showing 
manufacturer's product number, K-value, thickness, and furnished accessories for 
each mechanical system requiring insulation.  Also furnish necessary test data 
certified by an independent testing laboratory.  Submit samples. 


B. Provide a statement with the submittal indicating that no product submitted contains 
an amount equal to or greater than 0.10% by mass of the following chemicals: 


1. Pentabrominated diphenyl ether (CAS#32534-81-9) 
2. Octabrominated diphenyl ether (CAS#32536-52-0) 
3. Decabrominated diphenyl ether (CAS#1163-19-50 


C. Maintenance Data:  Submit maintenance data and replacement material lists for 
each type of mechanical insulation.  Include this data and product in maintenance 
manual. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver insulation, coverings, cements, adhesives, and coating to the site in 
containers with manufacturer's stamp or label affixed showing fire hazard indexes of 
products. 


B. Store and protect insulation against dirt, water, chemical, and mechanical damage.  
Do not install damaged or wet insulation; remove from project site. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Johns Manville, Owens-Corning, Knauf, Armstrong, Pittsburgh-Corning, Trymer, IIG, 
Certainteed, Halstead, Rubatex, 3M FireMaster, Pabco, Reflectix, or approved equal. 
 Manufacturer and insulation types listed below indicate a minimum acceptable level 
of quality required for each classification. 


2.2 PIPE INSULATIONS 


A. Type PI-A: Glass Fiber:  Molded fibrous glass pipe insulation shall comply with the 
requirements of ASTM C 547 and meet ASTM C 585 for sizes required in the 


particular system. For all fluid distribution temperatures below 45°F the system shall 
be of a wicking type. 


1. Fiberglass, Non-Wicking: 
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a. Manufacturers: 
1) Johns Manville Micro-Lok HP meeting ASTM C547; or FSK 


faced Micro-Flex (pipe sizes larger than 18”) 
2) Knauf 
3) einsulation 


b. Applications:  Insulation of piping up to 18” in diameter and 3” thick 
insulation. 


c. 'K' Value:  0.23 at 75°F. 
d. Maximum Service Temperature:  850°F. 
e. Vapor Retarder Jacket:  AP-T PLUS white kraft paper reinforced 


with glass fiber yarn and bonded to aluminum foil, secure with self 
sealing longitudinal laps and butt strips or AP jacket with outward 
clinch expanding staples or vapor barrier mastic as needed. 


B. Type PI-B: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP 
Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, 
elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181. 


1. ‘K’ Value: 0.27 at 75°F. 
2. Density:  3.0 to 6.0 lbs./cu.ft. 
3. Maximum Service Temperature: 260°F. 
4. Seal all seams and joints with contact adhesive. 


C. Type PI-C: Cellular Glass- Pittsburgh-Corning Foamglas Meeting ASTM C522:  
Cellular Glass Thermal Insulation: 


1. 'K' Value:  0.35 at 75°F. 
2. Density:  8.0 lbs./cu. ft. 
3. Maximum Service Temperature:  900°F. 
4. Provide with Pittsburg Corning Pittwrap jacketing. 


D. Field Applied Jackets (For Interior Applications): 
1. All longitudinal seams shall be located on bottom of pipes. 
2. PVC Plastic:  Johns Manville Zeston 2000.  One piece molded type fitting 


covers and jacketing material, gloss white.  Connect with tacks and pressure 
sensitive color matching vinyl tape. 


3. Canvas Jacket:  UL listed fabric, 6 oz/sq. yd. plain weave cotton, treated with 
dilute fire retardant lagging adhesive. 


4. Aluminum Jacket:  0.016” thick sheet, [smooth/embossed] finish, with 
longitudinal slip joints and 2” laps, die shaped fitting covers with factory 
attached protective liner. 


5. Secure aluminum jackets with 3/8” or ½” stainless steel bands on 12” centers. 


E. Field Applied Jackets (For Exterior Applications): 
1. All longitudinal seams, on horizontal pipe runs, shall be installed on the 


bottom of pipes. 
2. Aluminum Jacket:  0.016” (minimum) thick sheet, [smooth/embossed] finish, 


with longitudinal slip joints and 2” laps, die shaped fitting covers with factory 
attached protective liner. 


3. Stainless Steel Jacket:  Type 304 stainless steel, 0.010” minimum 
(smooth/corrugated) finish. 


4. Secure stainless steel or aluminum jackets with ⅜” or ½” stainless steel 
bands on 12” centers. 


5. Manufacturers: Pabco, Childers, RPR, or approved equal. 


F. Removable Covers: 
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1. Provide removable covers on pumps, backflow devices, valves greater than 
2”, flanges, strainers, etc., where periodic maintenance or removal of 
insulation may is required. 


2. Use of pre-molded fittings with PVC covers is acceptable, unless noted 
otherwise. 
a. Cold systems: Provide PVC covers on elbows. 
b. Hot systems: provide PVC covers on elbows and flanges. 
c. Hot Systems: provide removable blanket covers on valves. 


3. Removable- type silicon cloth fiberglass filled insulating blankets: 
a. Mfg: Fit Tight Covers, GLT products, or equal custom fabrication by 


Insulation Contractor, 0-350°F service operating temperature: 
1) Jacket: silicon impregnated fiberglass cloth 
2) Liner: silicon impregnated fiberglass cloth 
3) Liner reinforcement: sstl mesh cloth 
4) Insulation: 1” type E glass matt 
5) Fastening: 2” nomex Velcro 
6) Fastening: 1” straps and stainless steel D-rings 
7) Fastening: 12 gage stainless steel hooks and stainless steel 


wire 
8) Thread: Kevlar/stainless steel thread 


2.3 EQUIPMENT INSULATIONS 


A. Type EI-A: Flexible Fiberglass Blanket:  Johns Manville Microlite Type 75 Flexible 
Blanket: 


1. 'K' Value: ASTM C518, 0.27 Btu•in./(hr•ft²•ºF) at 75°F installed full thickness. 
2. Maximum Service Temperature:  250°F. 
3. Density:  0.75 lb/cu ft. 
4. Vapor Barrier Jacket:  FSK (Foil-Scrim-Kraft) aluminum foil faced reinforced 


with fiberglass yarn and laminated to fire-resistant kraft, secured with UL 
listed pressure sensitive tape and/or outward clinched expanded staples and 
vapor barrier mastic as needed. 


B. Type EI-B: Rigid Fiberglass Board:  Johns Manville Spin-Glass 814: 


1. 'K' Value:  ASTM C518, 0.23 Btu•in./(hr•ft²•ºF) at 75°F. 
2. Maximum Service Temperature:  250°F. 
3. Density:  3.0 lb/cu ft. 
4. Vapor Barrier Jacket:  FSK (Foil-Scrim-Kraft) aluminum foil faced reinforced 


with fiberglass yarn and laminated to fire-resistant kraft, secured with UL 
listed pressure sensitive tape and/or outward clinched expanded staples and 
vapor barrier mastic as needed. 


5. Facing:  1” galvanized hexagonal wire mesh stitched on one face of 
insulation.  (Optional.) 


C. Type EI-C: Cellular Glass:  Pittsburgh-Corning Foamglas Meeting ASTM C552; 
Cellular Glass Thermal Insulation: 


1. 'K' Value:  0.35 at 75°F. 
2. Density:  8.0 lb/cu. ft. 
3. Maximum Service Temperature:  900°F. 


D. Type EI-D: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP 
Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, 
elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181. 
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1. ‘K’ Value: 0.27 at 75°F. 
2. Density:  3.0 to 6.0 lbs./cu.ft. 
3. Maximum Service Temperature: 260°F. 
4. Seal all seams and joints with contact adhesive. 


E. Type EI-E: Hydrous Calcium Silicate Johns Manville, IIG  Thermo-12/Gold Meeting 
ASTM C533; Rigid Molded Block; Asbestos-Free Coded Throughout Material 
Thickness and Maintained Throughout Temperature Range: 


1. 'K' Value:  0.40 at 300°F. 
2. Maximum Service Temperature:  1,200°F. 
3. Compressive Strength (block):  Minimum of 200 psi to produce 5% 


compression, based on 1½" thickness. 
4. Securement:  Insulation shall be securely banded in place, tightly butted, 


joints staggered and secured with 16 gauge galvanized or stainless steel wire 
or ½" x .015" galvanized steel bands on 12” maximum centers for large 
areas. 


PART 3 - EXECUTION 


3.1 EXAMINATION AND PREPARATION 


A. Verify that piping has been tested for leakage in accordance with specifications 
before applying insulation materials.  All piping shall be inspected by Owner's 
Representative prior to installation of insulation.  Any insulation applied prior to 
inspection shall be removed and new insulation applied at no additional cost to 
Owner.  Notify Owner's Representative five (5) working days prior to insulation 
installation. 


B. Verify that all surfaces are clean, dry and free of foreign material. 


3.2 INSTALLATION 


A. General: 
1. Install materials in accordance with manufacturer's recommendations, 


building codes and industry standards. 
2. Remove and replace any insulation that has become wet or damaged during 


the construction process. 
3. Continue insulation and vapor barrier at penetrations and supports, except 


where prohibited by code. 


B. Piping Insulation: 
1. Locate insulation and cover seams in least visible locations unless otherwise 


specified. 
2. Neatly finish insulation at supports, protrusions, and interruptions. 
3. For insulated pipes conveying fluids above ambient temperature, secure 


jackets with self sealing lap or outward clinched, expanded staples.  Seal 
ends of insulation at equipment, flanges, and unions. 


4. For pipe exposed in mechanical equipment rooms or in finished spaces below 
7 feet above finished floor, finish with Johns Manville Zeston 2000 PVC jacket 
and fitting covers. 


5. Where pumps, valves, strainers, etc., with insulation require periodic opening 
for maintenance, repair, or cleaning, install insulation in such a manner that it 
can be easily removed and replaced without damage.   
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6. For exterior applications: 
a. Provide weather protection jacket.  Insulated pipe lengths, pumps, 


fittings, joints, and valves shall be covered with aluminum jacket or 
stainless steel jacket.  Jacket seams shall be located on bottom side 
of horizontal piping.  All lateral joints shall be caulked with a 
minimum 20-year silicone sealant (clear).  All longitudinal joints, 
except those at the bottom of a horizontal pipe run, shall be caulked 
with a minimum 20-year silicone sealant (clear). 


b. Apply weather-resistant protective finish such as WB Armaflex to 
flexible elastomeric insulation.  Insulation seams shall be located on 
the bottom side of horizontal piping.  All lateral and longitudinal joints 
to be sealed with low V.O.C., UV inhibitive adhesive, such as 
Armaflex 520 BLV adhesive. 


7. For underground installations, install per manufacturer's written instructions 
and recommendations. 


8. When maintenance or service access for equipment will result in foot traffic 
over floor mounted insulated piping the general contractor is to fabricate a 
permanent removable walkway to prevent damage to the piping and 
insulation. 


C. Equipment Insulation: 
1. See Piping Insulation above for additional requirements. 
2. Apply insulation as close as possible to equipment by grooving, scoring, and 


beveling insulation, if necessary.  Secure insulation to equipment with studs, 
pins, clips, adhesive, wires, or bands, per manufacturer’s recommendations. 


3. Fill joints, cracks, seams, and depressions with bedding compound to form 
smooth surface.  On cold equipment, use vapor retardant cement. 


4. For insulated equipment containing fluids above ambient temperature, 
provide jacket with or without vapor barrier. 


5. For equipment in mechanical equipment rooms or in finished spaces, finish 
with Johns Manville Zeston 2000 jacketing and fitting covers or aluminum or 
stainless steel jacketing. 


6. Do not insulate over nameplate or ASME stamps.  Bevel and seal insulation 
around such. 


7. When equipment with insulation requires periodic opening for maintenance, 
repair, or cleaning, install insulation in such a manner that it can be easily 
removed and replaced without damage.  Use of lace-on type insulation 
blankets is acceptable. 


3.3 PIPING INSULATION SCHEDULE 


A. All insulation thicknesses shall meet or exceed State Energy Code requirements as 
noted below.  Increase thickness 1/2” if exposed to exterior ambient air.  Minimum 
thermal resistance in range of 4.2 to 4.6 per inch of thickness.  Insulation 
thicknesses are based on fiberglass insulation and may be adjusted for equivalent 
insulation values for materials with superior “K” factors. 
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B. Insulation 


SERVICE PIPE SIZE 
(inches) 


THICKNESS 
(inches) 


REMARKS/MATERIAL 
OPTIONS 


Domestic, Industrial, and Lab hot 
water  


Up to 2 
2-1/2 and 


over 


1 
1-1/2 


Type PI-A,B 


Domestic, Industrial, and Lab hot 
water return 


All Sizes 1 Type PI-A,B 


Safety shower tempered water – 
Indoors 


All Sizes 1 Type PI-A, B 


Safety shower tempered water - 
outdoors 


All sizes 1 Type PI-A, B 


    


Misc. drains from ice machines, 
etc. 


All Sizes 1 Type PI-A,B 


Cooling coil condensate drain 
pipes 


All Sizes 1/2 Type BI-B 


 


3.4 EQUIPMENT INSULATION SCHEDULE 


A. Equipment insulation table: (for equipment not furnished with factory insulation) 
 


EQUIPMENT THICKNESS 
(inches) 


REMARKS MATERIAL OPTIONS 


Water softeners/brine 
tanks 


1 Provide vinyl or 
aluminum jacket 


Type EI-A, B, C, D 


Hot Water Storage 
Tanks 


2 Provide vinyl or 
aluminum jacket 


Type EI-B, C 


END OF SECTION 
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		E. Vapor Barrier Jacket:  Insulation jacket material that impedes the transmission of water vapor.



		1.5 QUALITY ASSURANCE

		A. Codes and Standards:  Provide products conforming to the requirements of the following:

		B. Do not provide materials with flame proofing treatments subject to deterioration due to the effects of moisture or high humidity.

		C. Products Containing Prohibited Chemicals:

		D. Flame/Smoke Rating:  Provide composite mechanical insulation (insulation, jackets, coverings, sealers, mastics and adhesives) with flame-spread index of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) Method.  In addition, the products, when tested, shall not drip flame particles, and flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or listing; or satisfactory certified test report from an approved testing laboratory to prove the fire hazard ratings for materials proposed for use do not exceed those specified.

		E. Corrosiveness:  Provide insulation such that when tested in accordance with the following test, the steel plate in contact with the insulation shows no greater corrosion than sterile cotton in contact with a steel plate for comparison.

		F. Insulation thickness shall be the greater standard of that specified here or the State energy conservation requirements.



		1.6 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data and installation instructions for each type of mechanical insulation.  Submit schedule showing manufacturer's product number, K-value, thickness, and furnished accessories for each mechanical system requiring insulation.  Also furnish necessary test data certified by an independent testing laboratory.  Submit samples.

		B. Provide a statement with the submittal indicating that no product submitted contains an amount equal to or greater than 0.10% by mass of the following chemicals:

		C. Maintenance Data:  Submit maintenance data and replacement material lists for each type of mechanical insulation.  Include this data and product in maintenance manual.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver insulation, coverings, cements, adhesives, and coating to the site in containers with manufacturer's stamp or label affixed showing fire hazard indexes of products.

		B. Store and protect insulation against dirt, water, chemical, and mechanical damage.  Do not install damaged or wet insulation; remove from project site.





		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Johns Manville, Owens-Corning, Knauf, Armstrong, Pittsburgh-Corning, Trymer, IIG, Certainteed, Halstead, Rubatex, 3M FireMaster, Pabco, Reflectix, or approved equal.  Manufacturer and insulation types listed below indicate a minimum acceptable level of quality required for each classification.



		2.2 PIPE INSULATIONS

		A. Type PI-A: Glass Fiber:  Molded fibrous glass pipe insulation shall comply with the requirements of ASTM C 547 and meet ASTM C 585 for sizes required in the particular system. For all fluid distribution temperatures below 45(F the system shall be of a wicking type.

		B. Type PI-B: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181.

		C. Type PI-C: Cellular Glass- Pittsburgh-Corning Foamglas Meeting ASTM C522:  Cellular Glass Thermal Insulation:

		D. Field Applied Jackets (For Interior Applications):

		E. Field Applied Jackets (For Exterior Applications):

		F. Removable Covers:



		2.3 EQUIPMENT INSULATIONS

		A. Type EI-A: Flexible Fiberglass Blanket:  Johns Manville Microlite Type 75 Flexible Blanket:

		B. Type EI-B: Rigid Fiberglass Board:  Johns Manville Spin-Glass 814:

		C. Type EI-C: Cellular Glass:  Pittsburgh-Corning Foamglas Meeting ASTM C552; Cellular Glass Thermal Insulation:

		D. Type EI-D: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181.

		E. Type EI-E: Hydrous Calcium Silicate Johns Manville, IIG  Thermo-12/Gold Meeting ASTM C533; Rigid Molded Block; Asbestos-Free Coded Throughout Material Thickness and Maintained Throughout Temperature Range:





		PART 3 - EXECUTION

		3.1 EXAMINATION AND PREPARATION

		A. Verify that piping has been tested for leakage in accordance with specifications before applying insulation materials.  All piping shall be inspected by Owner's Representative prior to installation of insulation.  Any insulation applied prior to inspection shall be removed and new insulation applied at no additional cost to Owner.  Notify Owner's Representative five (5) working days prior to insulation installation.

		B. Verify that all surfaces are clean, dry and free of foreign material.



		3.2 INSTALLATION

		A. General:

		B. Piping Insulation:

		C. Equipment Insulation:



		3.3 PIPING INSULATION SCHEDULE

		A. All insulation thicknesses shall meet or exceed State Energy Code requirements as noted below.  Increase thickness 1/2” if exposed to exterior ambient air.  Minimum thermal resistance in range of 4.2 to 4.6 per inch of thickness.  Insulation thicknesses are based on fiberglass insulation and may be adjusted for equivalent insulation values for materials with superior “K” factors.

		B. Insulation



		3.4 EQUIPMENT INSULATION SCHEDULE

		A. Equipment insulation table: (for equipment not furnished with factory insulation)
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other 
Sections in Division 22 specified herein.  


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to the 
following: 
1. Pipe and Fittings 


a. Sanitary waste and vent 
b. Storm drain and overflow 
c. Potable Cold water 
d. Potable Hot water 
e. Fuel gas 
f. Compressed air 
g. Pumped discharge 


2. Valves 
a. Water valves 
b. Backwater valves 
c. Natural gas valves 
d. Compressed air valves 
e. Balancing valves  
f. Backflow prevention valves 
g. Pressure reducing valves 
h. Gas pressure regulator valves 
i. Thermostatic mixing valves 
j. Process valves 


3. Thermometers and gauges 
4. Piping specialties 
5. Pipe escutcheons 
6. Strainers 
7. Drip pans 
8. Air vent 
9. Dielectric unions 
10. Unions 
11. Flanges 
12. Pipe sleeves 
13. Sleeve seals 
14. Valve boxes 
15. Pipe coating 
16. Gas connectors 
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1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 220500:  Basic Plumbing Materials and Methods 


B. Section 223000:  Plumbing Equipment 


C. Section 224000:  Plumbing Fixtures 


D. Division 26:  Electrical 


E. Division 09: Finishes/Painting 


1.4 QUALITY ASSURANCE 


A. Manufacturers Qualifications: 
1. Manufactured items furnished shall be the current, cataloged product of the 


manufacturer. 
2. Replacement parts shall be readily available and stocked in the USA. 


B. Codes and Standards: 
1. All work shall be in full accordance with all applicable codes, ordinances and 


code rulings. 
2. The Contractor shall furnish without any extra charge the labor and material 


required for compliance of codes. 
3. Perform all tests required by governing authorities and as required under all 


Division 22 Sections.  Provide written reports on all tests. 
4. Electrical devices and wiring shall confirm to the 2013 standards of CEC; all 


devices shall be UL or ETL listed and so identified. 
5. All plumbing work shall comply with the Americans with Disabilities Act 


(ADA). 
6. All excavation work must comply with all provisions of state laws including 


notification to all owners of underground utilities at least 48 business day 
hours, but not more than 10 business days, before commencing an 
excavation. 


7. Provide thermostatic mixing valves and fixtures conforming to ASSE 1070 to 
limit the maximum water temperature to 110°F for all public lavatories and 


120°F for all other public fixtures served with hot water.  Handle position 


stops and temperature mixing valves shall be used as required to limit 
maximum temperature to prevent scalding.  Water heater thermostats shall 
not be considered a suitable control. 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer’s technical product data for all piping, valves 
and specialties indicating dimensions, valve CV, tolerances etc. 


B. Shop Drawings:  Submit shop drawings indicating underground piping installation 
showing all fittings with inverts. Indicate all footings and grade beams. 


C. Maintenance Data:  Submit maintenance instructions on accordance with 
requirements of Division 01. 
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PART 2 - PRODUCTS 


2.1 GENERAL 


A. Furnish and install all new material, equipment, and apparatus hereinafter specified 
unless specifically noted otherwise.  All material, equipment, and apparatus shall be 
identified by the manufacturer's name, nameplate, and pertinent data. 


B. Type M copper piping is not acceptable for any pressure water piping unless 
specifically noted otherwise. 


C. For all Grade B piping specified below grade provide a mill report with production 
identification numbers for piping submitted to permit tracking of pipe by mill and 
production lot. 


D. All materials, equipment, and apparatus are mentioned as standards unless noted 
otherwise.  The words "or approved equal" shall be considered to be subsequent to 
all manufacturer's names used herein, unless specifically noted that substitutes are 
not allowed. 


2.2 STANDARD PIPE AND FITTING 


A. Domestic Water Pipe & Fittings (Below Grade): 
1. Pipe: ASTM B88, Type K hard drawn copper water tube. 
2. Fittings:  Domestic Only, Elkhart, ANSI B16.22, wrought copper, 95%-5% tin-


antimony solder joints.  Wrap underground piping with Scotch Wrap or 
Pasco Wrap. 


B. Domestic Hot and Cold Water Pipe & Fittings and Pumped Systems (Above Grade): 
1. Pipe: ASTM B88, Type L, hard drawn copper water tube. 
2. Fittings:  ANSI B16.22, wrought copper, 95%-5% tin-antimony solder joints. 


C. Condensate and Indirect drains: 
1. Pipe: ASTM B88, Type M, hard drawn copper water tube. 
2. Fittings:  ANSI B16.22, wrought copper. 
3. Insulate condensate drain pipes with minimum 1/2" insulation to prevent 


moisture dripping from pipe.  


D. Trap Primer Piping: 
1. Pipe: ASTM B88, Type K below grade only or Type L above grade, soft 


drawn copper water tube.   
2. Fittings: For pipes below grade double wrap with Scotch Wrap #51 or 


PASCO Wrap, with 50% overlap. 


E. Sanitary Sewer, Vent, Rainwater Pipe & Fittings: 
1. Sch 40 solid wall PVC.  
2. Pipe: ASTM A-74, ASTM A-888 cast iron, bituminous coated, “No-Hub”.  


Pipe and fittings shall be marked with the collective trademark of the Cast 
Iron Soil Pipe Institute and manufactured by AB&I, Charlotte, Tyler or 
approved equal.  Pipe showing rust or cracks in coating shall be removed 
and replaced. 


3. Fittings: No-hub, ASTM A-888. 
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4. Couplings Below Grade: Heavy Duty Type 304 stainless steel couplings 
conforming to FM 1680 and ASTM C-1540 with heavy-duty shield and 
neoprene sealing sleeve conforming to ASTM C-564 and CISPI 301.  Husky 
SD-4000, Clamp-All Hi-Torq 125 or Ideal Tridon HD or equal. 


5. Above grade: Use standard ANACO no hub bands or equal and appoved per 
ATSM and SCIPI requirements. 


F. Rainwater Leader Pipe and Fittings-Alternative for Exposed Areas Above Grade:  
1. Pipe: ASTM B306, DWV class, copper tube. 
2. Fittings: ANSI B16.23 cast bronze or ANSI B16.29 wrought copper. Drainage 


pattern fittings. 
3. Joints:  Lead free solder. 


G. Aboveground sanitary-sewage forced mains (pumped discharge) up to 6” shall be 
one of the following: 
1. Hard copper tube, ASTM B88 Type L or Type K, copper pressure fittings and 


soldered joints. 
2. Galvanized-steel pipe, ASTM A53 Schedule 40, pressure fittings, and 


threaded joints. 
3. Pressure rated transition coupling where connecting to dissimilar materials. 


H. Underground sanitary-sewage forced mains (pumped discharge) up to 4” shall be 
one of the following: 
1. Hard copper tube, ASTM B88 Type K, wrought copper pressure fittings; and 


soldered joints. 
2. Ductile-iron, ANSI A21.51, mechanical-joint piping and mechanical joints. 
3. Ductile iron, ANSI A21.51, grooved-joint piping and grooved joints. 
4. Fitting-type transition coupling for piping smaller than 1-1/2” and pressure 


transition coupling for 1-1/2” and larger if dissimilar pipe materials. 


I. Single Wall Acid Waste Pipe and Fittings:   
1. PP Drainage Pipe and Fittings: ASTM F1412, pipe extruded and drainage-


pattern fittings molded, with Schedule 40 dimensions, from PP resin with 
fire-retardant additive complying with ASTM D4101; with fusion welded-joint 
ends. 


2. Manufacturers: 
1) IPEX Inc. 
2) Orion Fittings, Inc 
3) Sloane, George Fischer Inc 
4) Zurn Plumbing Products Group, Chemical Drainage 


Systems 
5) Or equal 


3. PVC Drainage Pipe and Fittings: ASTM D2665, pipe and drainage-pattern 
fittings. 


4. Adapters and Transition Fittings: Assemblies with combination of clamps, 
couplings, adapters, and gaskets; compatible with piping and system liquid; 
made for joining different piping materials. 


J. Natural Gas Pipe & Fitting (Above Grade) 
1. Pipe:  ASTM A53, Schedule 40 black steel. 


a. Fittings:  150 lb. rating, ANSI B16.3, malleable iron threaded; ANSI 
B16.5, flanged; ANSI B16.9, steel. 


b. Joints 2" and smaller: Threaded in accessible areas.  Welded in 
concealed areas such as shafts and plenums. 
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c. Joints 2-1/2" and larger: ANSI B16.25 bevelweld, ANSI B16.5 
flanges, or ANSI B16.11 socket weld.  Welded in concealed areas 
such as shafts and plenums. Open-butt welded fittings or sock 
welded shall be acceptable where meeting ANSI requirements. 


K. Natural Gas Piping (Below Grade) 
1. Polyethylene, Grade 23, Type II, ASTM 2513, plain ends, heat fused joints, 


orange finish. 


2.3 VALVES: GENERAL 


A. General:  Valve ratings shall exceed respective system operating pressures by 50% 
(minimum).  All valves shall be line size unless otherwise noted. 


B. Product Data:  Submit manufacturer’s technical product data, including installation 
instructions for each type of valve.  Include pressure drop curve or chart for each 
type and size of valve.  Submit valve schedule showing manufacturer’s figure 
number, size, location, and valve features for each required valve. 


C. Shop Drawings:  Submit manufacturer’s assembly-type (exploded view) shop 
drawings for each type of valve, indicating dimensions, weights, materials, and 
methods of assembly of components. 


D. Acceptable manufacturers (manufacturer and model number listed for individual 
valves indicates minimum acceptable by all manufacturers): 
1. Gate, Ball, Check or Butterfly:  Apollo, Hammond, Nibco (commercial grade, 


US manufacturer only), Milwaukee, Victaulic or Watts. 
2. Lubricated Plug Valves:  Homestead, Resun, or Rockwell. 
3. Backflow Preventors:  Apollo, Ames, Febco, Cla-Val, Watts or Wilkins. 
4. Pressure Reducing Valves:  Apollo, Cash-Acme, Cla-Val, Watts, or Wilkins. 
5. Solenoid Valves:  ASCO, Automatic or Magnatrol. 
6. Circuit Setters:  Griswold (Venturi with characterized ball valve only), Caleffi, 


Wheatley (Y-globe type only), Armstrong, or Tour & Anderson. 


E. Valve Identification:  Provide valves with manufacturer’s name (or trademark) and 
pressure rating clearly marked on the valve body. 


F. Operators:  Provide handwheels, fastened to valve stem, for valves other than 
quarter-turn.  Provide lever handle for quarter-turn valves, other than plug valves.  
Provide one wrench for every 10 plug valves, and one in each size.  Provide 
extended levers/stems for valves on insulated lines. For manual valves 2 ½” and 
larger located 8 feet above the floor in mechanical rooms provide chain operator to 
permit operating the valve from 4’-0” above floor. 


G. Valve Features: 
1. General:  Provide valves with features indicated and, where not otherwise 


indicated, provide proper valve features.  Comply with ASME B31.9 for 
building services piping, and ASME B31.1 for power piping. 


2. Flanged:  Valve flanges complying with ANSI B16.1 (cast iron), ANSI B16.5 
(steel), or ANSI B16.24 (bronze). 


3. Threaded:  Valve ends complying with ANSI B2.1. 
4. Solder-Joint:  Valve ends complying with ANSI B16.18. 
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5. Flangeless:  Valve bodies manufactured to fit between flanges complying 
with ANSI B16.1 (cast iron), ANSI B16.5 (steel), or ANSI B16.24 (bronze). 


2.4 DOMESTIC PLUMBING SERVICE VALVES 


A. Ball Valves: 
1. 2" and Smaller: 600 psi, 2 piece, bronze body, soldered ends for copper pipe 


and threaded ends for iron pipe, chrome plated brass ball, Teflon seat, brass 
stem, steel handle, full port, low lead compliant.  Apollo Lead Free #77CLF 
Series or equal. 


B. Butterfly Valves: 
1. 2-1/2” and Larger:  MSS SP-67, lug wafer, ductile iron body, stainless steel 


disc, stainless steel stem, EPDM seat, low lead compliant, memory stop 
control, lever handle thru 5" size and worm gear operator for 6" and larger.  
Mount stem in horizontal position.  Apollo #LD141/WD141 Series or equal. 


C. Check Valves: 
1. 2" and Smaller:  Class 125, MSS SP-80, ASTM B62 and ASTM B16, cast 


bronze body, soldered ends for copper pipe, screwed cap, swing type, Teflon 
bronze disc, low lead compliant. Apollo Lead Free #163LF Series or equal. 


2. 2-1/2" and Larger:  Class 125, MSS SP-71, ASTM A126 class B cast iron 
body, bolted bonnet flanged ends, bolted cap, swing type, cast iron disc with 
bronze face rings, low lead compliant.  Apollo Lead Free #910F Series or 
equal. 


3. Vertical or High Flow: Class 125, cast bronze, high-flow body, TFE seat, 
brass check, low lea compliant, stainless steel guide and spring.  Apollo 
Lead Free #61LF Series or equal 


D. Angle Stop Valves: 
1. Heavy duty 1/4 turn commercial stop, brass body, chrome plated 


compression type, 125 psi working pressure, ASME A112.18.1, low lead 
compliant.  Provide with loose key handle in public access spaces for vandal 
resistance.  Chicago Faucets #ST Series, Brasscraft #KT Series, or equal. 


2.5 NATURAL GAS SERVICE VALVES 


A. General:  All valves to be UL listed for the required fluid service.   


B. Ball Valves: 
1. 1/2" and 3/4": Brass body, UL listed, CSA approved for pressure of system, 


bronze ball valve, 175 WOG, with integral lever handle.  Apollo #77F Series, 
Watts #FBV-1 or equal. 


2. 1" thru 1-1/2":  175 psi working pressure, CSA and UL approved, bronze 
body, stainless steel ball, stainless steel stem, steel handle with memory 
stop tab, conventional port.  Apollo #77F-140 Series or equal. 


3. Lubricated Plug Valve, 2" and Larger: Class 125, MSS SP-78, 200 PSI, UL 
listed, CSA approved for pressure of system, lubricated plug type, semi-steel 
body, loose wrench operated, straight way pattern round port, combination 
button head fitting and lubricant screw, Teflon seal and discs. 


C. Seismic Gas Shutoff Valves: 
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1. 3/4” thru 2” (low and medium pressure, screwed body): U.L. Listed valve 
meeting ASCE 25-97, positive closure, soft seal seating, visual open-close 
indicator, manual reset, and closure time interval within 5 seconds when 
subjected to a sinusoidal oscillation with peak acceleration of 0.3G and a 
period of 0.4 seconds. Koso/California Valve Series EV, or approved equal, 
sized for 0.5 PSI or 20 PSI max operating pressure, respectively. 


2. 2”, 3” and 4” (High pressure, screwed body): U.L. Listed valve meeting 
ASCE 25-97,manual reset, soft seat construction for positive sealing, visual 
open-close indicator, tripping mechanism with non-creeping rolling latch, and 
closure time interval within 5 seconds when subjected to sinusoidal 
oscillation with peak acceleration of 0.3G and a period of 0.4 seconds. 
Koso/California Valve Series EV315, or approved equal, sized for 20 PSI 
max. operating pressure. 


3. 6” (high Pressure, Flanged body): U.L. Listed valve meeting ASCE 25-
97,manual reset, soft seat construction for positive sealing, visual open-
close indicator, tripping mechanism with non-creeping rolling latch, and 
closure time interval within 5 seconds when subjected to sinusoidal 
oscillation with peak acceleration of 0.3G and a period of 0.4 seconds. 
Koso/California Valve Series EV317, or approved equal, sized for 60 PSI 
max. operating pressure. 


2.6 COMPRESSED AIR AND VACUUM SERVICE VALVES 


A. Ball Valves: 
1. 2" and Smaller:  175 psi working pressure, 2 piece bronze body, soldered or 


threaded ends, stainless steel ball, stainless steel stem, steel handle with 
conventional port.  Apollo #140 Series or equal. 


B. Butterfly Valves: 
1. 2-1/2" and Larger:  MSS SP-67, lug wafer ductile iron body, stainless steel 


disc, stainless steel stem, EPDM seat, memory stop control, lever handle.  
Mount stem in horizontal position. Apollo #LD141/WD141 Series or equal. 


C. Air Vent Needle Valves: 
1. 3/4" and Smaller:  200 psi working pressure, needle globe valve, bronze 


body, threaded ends, bronze stem, steel wheel handle.  Milwaukee #600 or 
equal. 


2.7 BALANCING VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE 


A. Pressure Dependent Water Flow: 
1. 1/2" and Larger:  Construction and attachment style as required by piping 


system.  Autoflow valves Caleffi or equal lead free copper valves. Install in 
pipe with minimum length of unrestricted straight pipes.  Install in pipe with 
minimum length of unrestricted straight pipe equivalent to five pipe 
diameters upstream and two pipe diameters downstream.   


2.8 BACKFLOW PREVENTION VALVES 


A. General:  All backflow prevention valves shall be State approved and listed. 


B. Reduced Pressure Principal Backflow Prevention Assembly for High Hazard 
Applications: 
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1. 2" and Smaller:  Assembly shall consist of shutoff ball valves in inlet and 
outlet, and strainer on inlet.  Assemblies shall include test cocks and 
pressure-differential relief valve located between two positive seating check 
valves and shall comply with requirements of ASSE Standard 1013 and 
AWWA C506.  Bronze construction, threaded ends, stainless steel internal 
parts, and air gap fitting.  Route pipe from air gap fitting to approved waste 
receptor.  Apollo Lead Free #RP4ALF Series valve with #AGD4A air gap 
fitting. 


2. 2-1/2" and Larger:  Assembly shall consist of shutoff OS&Y gate valves in 
inlet and outlet, and strainer on inlet.  Assemblies shall include test cocks 
and pressure-differential relief valve located between two positive seating 
check valves and shall comply with requirements of ASSE Standard 1015 
and AWWA C506. Stainless Steel body construction, flanged ends, center 
stem guided check valves, and air gap fitting.  Route pipe from air gap fitting 
to approved waste receptor. Apollo Lead Free #RP4ALF-OS&Y valve with 
#AGD4A air gap fitting or equal. 


C. Atmospheric Vacuum Breaker: Assembly shall consist of a bronze vacuum breaker 
body with silicone disc, and full size orifice.  Device shall be IAPMO listed, meet 
ASSE 1001 and ANSI A113.1.1.  Chrome plated in finish areas.  Apollo Lead Free 
38LF Series. 


D. Pressure Vacuum Breaker: Assembly shall consist of a one piece bronze or stainless 
steel body, with stainless steel spring loaded check, rubber diaphragm, and 
atmospheric vent, breakaway set screw.  Provide chrome plated in finish areas.  
Apollo #4A-PVB Series or equal. 


2.9 PRESSURE REDUCING VALVES 


A. Single seated, direct operated type; high capacity, having bronze body with strainer, 
by-pass feature, pressure gauge tappings and complying with requirements of ASSE 
Standard 1003.  Select proper size for maximum flow rate and fail-off at inlet and 
outlet pressure indicated.  Apollo Lead Free #36HLF Series or equal by Watts or 
Cash Acme. 


B. Single seated, pilot operated globe valve type having ductile iron body with FDA 
approved epoxy coating inside and out, with Y strainer, stainless steel seat, FDA 
approved diaphragm, copper control tubing, pressure gauge tappings and complying 
with requirements of ANSI Standard A112.26.2.  Select proper size for maximum 
flow rate and fall-off at inlet and outlet pressure indicated.  Apollo #A108 series or 
equal by Watts or Cash Acme. 


2.10 PRESSURE RELIEF VALVES 


A. Pressure Relief Valve:  Lead free bronze body construction, thermostat and test 
lever, and initial pressure relief set at 125 psi (adjust for system requirements).  
Certified to meet ASME low pressure heating boiler code. 


B. Manufacturers:  Watts #LF3L, Cash Acme #LFF-95 Series or equal. 







SAN DIEGO STATE UNIVERSITY SECTION 221000 
EIS COMPLEX PLUMBING PIPING, VALVES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC AND SPECIALTIES 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 221000 - 9 McParlane & Associates 


2.11 TEMPERATURE AND PRESSURE RELIEF VALVES 


A. Temperature and Pressure Relief Valve:  Lead free bronze body construction, 
thermostat and test lever, temperature relief set at 210⁰F, and pressure relief set at 
125 psi.  Certified to meet ASME low pressure heating boiler code and ANSI Z21.22. 


B. Manufacturers:  Watts #LF Series (100XL, 40, 140, N240, 340), Cash Acme #FVX 
Series or equal. 


2.12 VACUUM RELIEF VALVES 


A. Vacuum Relief Valve:  Lead free brass body construction, protective cap, 1/2” male 
NPT, maximum operating temperature 250⁰F.  Tested and rated to ANSI Z21.22. 


B. Manufacturers:  Watts #LFN36 Series, Cash Acme #VR-801, or equal. 


2.13 GAS PRESSURE REGULATOR VALVES - VENTED 


A. Diaphragm operated with adjusting screw and relief valve.  Steel, cast iron or ductile 
iron construction as required for application.  Size and capacity as indicated on 
drawings.  Regulators shall be approved by the serving gas supplier.  CSA and UL 
listed. 


B. Where gas supply regulator will be located indoors provide internal relief valve with 
overpressure protection and set to discharge at 10% above equipment operating 
setpoint.  Route relief vent pipe to exterior of building in compliance with code. 


C. Manufacturer: Emerson Fisher #SC800 Series, Maxitrol or equal. 


2.14 GAS PRESSURE REGULATOR VALVES – VENT LIMITING 


A. Lever acting design for 2 psi propane piping systems or 5 psi natural gas piping 
systems with adjusting screw for outlet pressures of 7” to 11” wc.  Aluminum body 
with threaded connections. 


B. ANSI Z21.80/CSA 6.22 listing with vent limiting device for indoor installation in 
ventilated (occupied) spaces.  Vent piping to outdoor is not required.  Install per 
manufacturer’s installation instructions.  Size and capacity as indicated on drawings. 


C. Manufacturer: Maxitrol #325 Series with vLimiter, or equal. 


2.15 THERMOSTATIC MIXING VALVE ASSEMBLY 


A. Factory assembled cabinet with one thermostatic mixing valve to serve low volume 
flow range and adjustable to maintain +/-5⁰F up to leaving water temperature of 
150⁰F.  Refer to drawings for locations, capacities, pressure drops, flow rates, and 
models. 


B. Full cabinet enclosure for all components.  Stainless steel or powder coated steel 
cabinet for recessed or surface mounting with hinged access door.  Refer to 
drawings for mounting requirements.  Top or bottom water supplies as required.  
Provide access door with cylinder lock.  Finish color as selected by Architect or 
Owner’s Representative. 
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C. Thermostatic valve constructed of brass and stainless steel, with screwdriver locking 
temperature regulators, check stops, removable/replaceable cartridge, stainless 
steel piston, ball valves, bimetal dial thermometer (20⁰F to 200⁰F range), brass pipe 
fittings, and unions.  Interior parts in standard rough bronze, nickel or chrome finish. 


D. Mixing valve assembly shall be ASSE 1070 (Performance Requirements for Water 
Temperature Limiting Devices) compliant with adjustable and lockable means to limit 
the hot water temperature setting. 


E. Valve assembly shall be ASSE 1017 certified and meet low lead requirements of 
wetted surface area containing less than 0.24% lead by weight.  Compliant with 
ASME A112.18.1/CSA B125.2, CA 116875 and NSF 372. 


F. Manufacturers: Apollo #34 Series, Symmons #Maxline 7 Series, Leonard #LF Series 
or equal. 


2.16 THERMOSTATIC MIXING VALVE ASSEMBLY – HIGH/LOW FLOW 


A. Factory assembled cabinet with two thermostatic mixing valves to serve broad range 
of flow conditions and adjustable to maintain +/-5⁰F up to leaving water temperature 


of 150⁰F.  Refer to drawings for locations, capacities, pressure drops, flow rates, and 


models. 


B. Full cabinet enclosure for all components.  Stainless steel or powder coated steel 
cabinet for recessed or surface mounting with hinged access door.  Refer to 
drawings for mounting requirements.  Top or bottom water supplies as required.  
Provide access door with cylinder lock.  Finish color as selected by Architect or 
Owner’s Representative. 


C. Thermostatic valve constructed of brass and stainless steel, with screwdriver locking 
temperature regulators, pressure reducing valve, check stops, 
removable/replaceable cartridge, stainless steel piston, ball valves, two pressure 
gauges, bimetal dial thermometer (20⁰F to 200⁰F range), brass pipe fittings, and 
unions.  Interior parts in standard rough bronze, nickel or chrome finish.   


D. Mixing valve assembly shall be ASSE 1070 (Performance Requirements for Water 
Temperature Limiting Devices) compliant with adjustable and lockable means to limit 
the hot water temperature setting. 


E. Valve assembly shall be ASSE 1017 certified and meet low lead requirements of 
wetted surface area containing less than 0.24% lead by weight.  Compliant with 
ASME A112.18.1/CSA B125.2, CA 116875 and NSF 372. 


F. Manufacturers: Apollo #34 Series, Symmons #Maxline 7 Series, Leonard #LF Series 
or equal. 


2.17 SOLENOID VALVES 


A. UL listed, globe pattern bronze valve with threaded ends, stainless steel pilot, bronze 
piston, malleable iron solenoid assembly with 1/2" tapped conduit connections and 
Class "A" coil, 120 Volt, 60 Hertz.  Solenoid valve shall be wired to the Fire Alarm 
System.  The valve shall close instantly on application of current and open when de-
energized.  Provide solenoid valve on gas line into boiler and water heating rooms 
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where the aggregate gas input is over 400,000 Btuh.  Wire to “mushroom” button(s) 
outside of each door to room. 


2.18 THERMOMETERS AND GAUGES 


A. General: 
1. Certification:  Provide meters and gauges whose accuracies, under specified 


operating conditions, are certified by manufacturer. 
2. No mercury shall be used in thermometers due to hazardous material 


classification. 
3. Acceptable Manufacturers:  Weksler, Winters, Trerice, Marshalltown or US 


Gauge. 


B. Thermometers: 
1. Bi-Metal Type:  Provide bi-metal glass thermometers of materials, 


capacities, and ranges indicated, designed and constructed in service 
indicated.  Accuracy shall be 1% +/- full scale with adjustable recalibration. 
a. Case:  Type 300 series stainless steel, hermetically sealed, glass 


window, 3" diameter dial, with adjustable angle. 
b. Adjustable Joint:  Die cast aluminum, finished to match case, 180° 


adjustment in vertical plane, 360° adjustment in horizontal plane, 
with locking device. 


c. Scale:  Satin faced, non-reflective aluminum, permanently etched 
markings. 


d. Stem:  Stainless steel, adjustable angle socket, length to suit 
installation. 


2. Range:  Conform to the following: 
1) Hot Water:  20°F - 240°F with 2°F scale divisions. 
2) Cold Water:  -40°F - 160°F with 2°F scale divisions. 


C. Thermometer Test Wells: 
1. Provide thermometer test wells as indicated, constructed of brass or 


stainless steel, pressure rated to match piping system design pressure.  
Provide 2" extension for insulated piping.  Provide cap nut with chain 
fastened permanently to thermometer well. 


D. Temperature Gauge Connector Plugs: 
1. Provide temperature gauge connector plugs pressure rated for 500 psi and 


200°F (93°C).  Construct of brass and finish in nickel-plate, equip with 1/2" 
NPS fitting, with self-sealing valve core type neoprene gasketed orifice 
suitable for inserting 1/8" O.D. probe assembly from dial type insertion 
thermometer.  Equip orifice with gasketed screw cap and chain.  Provide 
extension, length equal to insulation thickness, for insulated piping. 


E. Pressure Gauges: 
1. General:  Provide pressure gauges of materials, capacities, and ranges 


indicated, designed and constructed for use in service indicated. 
2. Type:  General use, 1% accuracy ANSI B40.1 grade A, phosphor bronze 


bourbon type, bottom connection. 
3. Case:  Drawn steel or brass, glass lens, 4-1/2" diameter. 
4. Connector:  Brass with 1/4" male NPT. 
5. Scale:  White coated aluminum, with permanently etched markings. 
6. Pressure differential range shall be 100 psig minimum for the appropriate 


application with maximum 1 psig divisions. 
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F. Pressure Gauge Cocks: 
1. General:  Provide pressure gauge cocks between pressure gauges and 


gauge tees on piping systems.  Gauge cock constructed of brass with ¼" 
female NPT on each end, and "T" handle brass plug. 


2. Syphon:  1/4" straight coil constructed of brass tubing with 1/4" male NPT on 
each end. 


3. Snubber:  1/4" brass bushing with corrosion resistant porous metal disc, 
through which pressure fluid is filtered.  Select disc material for fluid served 
and pressure rating. 


G. Pressure Gauge Connector Test Plugs: 
1. Provide pressure gauge connector plugs pressure rated for 500 psi and 


200°F (93°C).  Constructed of brass and finish in nickel-plate, equip with ½" 
NPS fitting, with self-sealing valve core type neoprene gasketed orifice 
suitable for inserting 1/8" O.D. probe assembly from dial type insertion 
pressure gauge.  Equip orifice with gasketed screw cap and chain.  Provide 
extension, length equal to insulation thickness, for insulated piping. 


2.19 PIPING SPECIALTIES 


A. General: 
1. Provide factory-fabricated piping specialties recommended by manufacturer 


for use in service indicated.  Provide piping specialties of types and pressure 
ratings indicated for each service, or provide proper selection to comply with 
installation requirements.  Provide sizes as indicated, and connections, 
which properly mate with pipe, tube, and equipment connections.  Where 
more than one type is indicated, selection is installer's option. 


B. Pipe Escutcheons: 
1. Provide pipe escutcheons as specified herein with inside diameter closely 


fitting pipe outside diameter, or outside of pipe insulation where pipe is 
insulated.  Select outside diameter of escutcheon to completely cover pipe 
penetration hole in floors, walls, or ceilings; and pipe sleeve extension, if 
any.  Furnish pipe escutcheons with nickel or chrome finish for occupied 
areas only. 


2. Pipe Escutcheons for Dry Areas:  Provide steel/chrome escutcheons, solid 
or split hinged. 


C. Low Pressure Y-Type Pipeline Strainers: 
1. Provide strainers full line size of connecting piping, with ends matching 


piping system materials.  Select strainers for 125% of the working pressure 
of piping system, with Type 304 stainless steel screens, with 3/64" 
perforations at 233 0.045" perforations per square inch. 


2. Threaded ends, 2" and smaller:  Cast-iron body, screwed screen retainer 
with centered blowdown fitted with hose bibb.  Sarco, Wheatley or Mueller. 


3. Flanged ends, 2-1/2" and larger:  Cast-iron body, bolted screen retainer with 
off-center blowdown fitted with hose bibb.  Sarco, Wheatley or Mueller. 


4. Grooved ends 2-1/2” and larger:  Ductile iron body, bolted screen retainer 
with off center blowdown fitted with hose bibb.  Victaulic or Gustin-Bacon. 


D. Drip Pans: 
1. Provide drip pans fabricated from 16-gauge galvanized sheet metal with 


watertight joints, and with edges turned up 2-1/2.  Provide hole, gasket, and 
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flange at low point for watertight joint and 1" copper drain line connection.  
Extend 1” drain to nearest approved receptor as illustrated on drawings. 


E. Air Vent with Valves: 
1. Cold water and hot water vent valve with 1/4 turn ball shut-off valve.  Tapped 


at top for 1/8” or 1/4” NPT drain connection.  Removable top and built-in 
check valve.  Maximum operating pressure 75 psi.  Maximum operating 
temperature 250⁰F.  Hoffman #79, Dole #75 or equal. 


F. Dielectric Unions: 
1. Provide standard products recommended by manufacturer for use in service 


indicated, which effectively isolate ferrous from non-ferrous piping (electrical 
conductance), prevent galvanic action, and stop corrosion. 


G. Dielectric Flanges: Provide dielectric flanges for flanged transitions between 
dissimilar metal piping.  Watts Series 3100 C.T.S. flanges or approved equal. 


H. Unions: 
1. Unions shall be of type specified in following schedule: 


a. Black Steel, 2" and smaller: 250 lb. screwed malleable iron, ground 
joint, brass to iron seat. 


b. Black Steel, 2-1/2" and larger: 150 lb. cast iron screwed flanged, flat 
faced, full faced gasket. 


c. Soldered Copper or Brass Pipe, 2" and smaller: 150 lb. cast bronze 
or copper, ground joint, non-ferrous seat with soldered ends. 


d. Screwed Copper or Brass Pipe, 2" and smaller: 150 lb. cast brass, 
ground joint, brass to brass seat, with threaded ends. 


e. Flanged Copper or Brass Pipe, 2-1/2" and larger: two (2) 150 lb. 
cast bronze flanges. 


f. Manufacturer: EPCO, Mueller, Stanley G. Flagg or Watts. 


I. Flanges: 
1. Provide flanges at flanged connections to equipment, tanks and valves.  


Faces of flanges being connected shall be alike in all cases.  Connection of 
raised-face flange to flat-faced flange not permitted. 


2. Use ASTM A307, Grade B, bolts and nuts for cast iron flanges and ASTM 
A193 for steel flanges.  Regular square head unfinished bolts with heavy 
semi-finished hex nuts ASTM A194.  Cadmium plated where exposed to 
weather.  Rating:  150 lb. or 300 lb. in high pressure portions. 


3. Type of pipe and corresponding flanges as follows: 
a. Screwed Black Steel Pipelines:  125 lb. black cast iron screwed 


flange, flat faces. 
b. Welded Steel Pipe, 150 lb. black forges steel welding flanges, 1/16" 


raised fact ASTM A181 Grade I.  Use flat face when connected to 
flat faced companion flange. 


J. Pipe Sleeves: 
1. Sleeves shall provide a minimum ½" annular clearance around pipe. 
2. Sheet metal:  Fabricate from galvanized sheet metal; round tube closed with 


snaplock joint, welded spiral seams, or spotwelded longitudinal joint.  
Fabricate from 28 gauge metal. 


3. Steel pipe:  Fabricate from Schedule 40 black steel pipe; remove burrs. 
4. Iron pipe:  Fabricate from cast iron or ductile-iron pipe; remove burrs. 
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5. Plastic and copper pipe:  Fabricate from Schedule 80 PVC plastic pipe; 
remove burrs. 


6. Sleeves through interior concrete walls and floors:  Telescopic, submerged, 
adjustable sleeves by Adjust-to-Crete, AMI or Shamrock or equal. 


7. Through exterior walls and floor on grade:  150-pound class cast-iron pipe 
sleeve.  Where waterproof membranes are used, provide membrane clamps 
by others.  For insulated piping, sleeve diameter shall not be less than 
diameter of insulated pipe. 


8. Where watertight sleeves are required in exterior walls use link seal plastic 
waterstop sleeves with linkseal and seal to pipe. 


K. Valve Boxes:  Concrete body, cast iron cover with vandal resistant screws, 
extensions as required to extend full depth to valve.  Valve box cover lettering shall 
correspond to the valve service, "Water", "Gas", "Fire", "Sewer", etc.  Christy #G8 or 
equal. 


2.20 PIPE COATING 


A. Pipe coatings and or wrapping may be required for certain pipe materials where 
pipes are located in corrosive soils or corrosive air environments.  Verify local soil 
and air conditions with building department and soils report, when available.  Protect 
all underground buried steel and copper pipe and fittings.  Protect all aboveground 
exposed steel and copper pipe and fittings located in corrosive air environments.  
Buried cast iron does not require protection unless specifically required by the AHJ or 
project Soils Report. 


B. Provide pipe protection using one of the following methods: 
1. Twice Wrap 20 Mil. Scotch Wrap PVC No. 51, 50% overlap. 
2. Prefabricated extruded plastic cover with joints sealed with two coats of 20 


Mil. Scotch Wrap No. 51 or Pasco Wrap 20 mil weight. 


2.21 GAS CONNECTORS 


A. General Areas: CSA rated, UL listed, braided stainless steel gas hose of size and 
capacity to meet appliance input requirements. 


B. Gas connectors for outdoor applications shall be listed for exterior use. 


2.22 EXPANSION COMPENSATORS 


A. General:  Pipe expansion, in general, is to be absorbed in bends, swing joints, 
expansion loops, and offsets.  All piping mains, branches and runouts shall be 
installed to allow for free expansion and contraction without developing leaks or 
undue stressing of pipe.  Stresses shall be within allowable limits of ASME B31.1 for 
pressure piping.    Expansion products to conform to the standards of the Expansion 
Joint Manufacturer's Association.  Expansion joints shall not required packing.  
Installer shall select materials and pressure/temperature ratings to suit intended 
service.  Select packless expansion joints to provide 150% absorption capacity of 
calculated maximum piping expansion between anchors.  All connections shall have 
ends to match piping system application. 
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B. Flexible Expansion Joint/Seismic Connector for Steel Pipe:  Stainless steel hose and 
braid, 180° return, CSA approved, and end fittings.  Metraflex #Metraloop or 
approved equal. 


C. Flexible Connection for Steel Pipe (Piping and Equipment Located Outside the 
Building):  Stainless steel hose and braid, with threaded or flanged ends.  Metraflex 
#SST or approved equal. 


D. Flexible Connection for Copper Pipe:  Bronze hose and braid, copper tube ends.  
Metraflex #BBS or approved equal. 
1. For non-critical pump connections.  Furnish with fluorelastomer tube and 


cover to ASTM D2000 Grade 1HK710.  The body shall be reinforced with 
rectangular body rings and six bias plies of fiberglass/kevlar fabric rated 
190#/26" vacuum at 250°F.  Provide galvanized flat (not L shaped) back up 
rings and control rods to limit maximum axial extension.  Garlock #206 EZ-
FLO or approved equal. 


E. Pipe Alignment Guides:  Provide pipe alignment guides on both sides of expansion 
joints, and elsewhere as indicated on drawings.  Guide shall be of carbon steel 
construction with split guiding cylinder and integral anchor base and internal four 
finger two-piece spider.  Cylinder wall thickness shall be equal to schedule 40 wall 
thickness of pipe being guided.  Spider shall be capable of clamping directly to pipe 
and moving only in an axial direction while inside cylinder.   Anchoring directly to 
building substrate.  Metraflex #Style IV or equal. 


F. Expansion Loops:  Provide field fabricated pipe expansion loops as detailed on the 
drawings or in place of mechanical expansion joints. 


2.23 PROCESS VALVES 


A. Refer to Section 222114. 


2.24 FIRE PROTECTION VALVES: 


A. Refer to Section 211000. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Workmanship shall be performed by licensed journeymen or master mechanics and 
shall result in an installation consistent with the best practices of trades. 


B. Install work uniform, level and plumb, in relationship to lines of building.  Do not 
install any diagonal, or otherwise irregular work unless so indicated on Drawings or 
approved by Architect. 


3.2 MANUFACTURER'S DIRECTIONS 


A. Follow manufacturers' directions and recommendations in all cases where the 
manufacturers of articles used on this Contract furnish directions covering points not 
shown on the Drawings or covered in these Specifications. 
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3.3 INSTALLATION 


A. Coordinate the work between the various Plumbing Sections and with the work 
specified under other Divisions of the work or contracts toward rapid completion of 
the entire project.  If any cooperative work must be altered due to lack of proper 
supervision or failure to make proper provisions in time, then the work hereunder 
shall include all expenses of such changes as are necessary in the work under other 
contracts, and such changes shall be directly supervised by and made to the 
satisfaction of the Engineer. 


B. The cooperative work not included in the Plumbing Division related to the general 
construction work is as follows: 
1. All formed concrete work. 
2. Framed openings in masonry and other Architectural and Structural 


elements. 
3. Wood grounds and nailing strips in masonry and concrete. 
4. Sloping of floors to drains and floor sinks. 
5. Sloping of roof-to-roof drains and overflow drains. 


C. Inspect all material, equipment, and apparatus upon delivery and do not install any 
that may be subject to rejection as a result of damage or other defects.  Provide 
tarps and visqueen cover to protect equipment and piping delivered to and stored at 
the site. 


3.4 WORKING PRESSURES 


A. All fittings, valves, pipe, specialties equipment shall be rated for the working pressure 
subjected in the installed locations. 


B. Drawings indicate working pressure in each system.  The rating of the equipment 
and material shall not be less than that of the system pressures. 


3.5 PIPES SIZES TO EQUIPMENT 


A. General:  Pipe sizes indicated shall be carried full size to equipment served.  Any 
change of size to match equipment connection shall be made within one foot of 
equipment. 


B. At temperature control valves with sizes smaller than connected lines, reduction shall 
be made immediately adjacent to valve. 


3.6 PIPING INSTALLATION 


A. General:  Install pipes and pipe fittings in accordance with recognized industry 
practices which will achieve permanently leakproof piping systems, capable of 
performing each indicated service without piping failure.  Install each run with 
minimum joints or couplings, but with adequate and accessible unions for 
disassembly and maintenance or replacement of valves and equipment.  Reduce 
sizes (where indicated) by use of reducing fittings.  Align piping accurately at 
connections, within 1/16" misalignment tolerance.  Comply with ASME B31 Code for 
Pressure Piping. 
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B. Locate piping runs, except as otherwise indicated, vertically and horizontally and 
avoid diagonal runs wherever possible.  Orient horizontal runs parallel with walls and 
column lines.  Locate runs as shown or described by diagrams, details, and notations 
or, if not otherwise indicated, run piping in shortest route which does not obstruct 
space or block access for servicing building and its equipment.  Hold piping close to 
walls, overhead construction, and other structural and permanent-enclosure 
elements of building.  Limit clearance to 1/2" where furring is shown for enclosure or 
concealment of piping, but allow for insulation thickness, if any.  Where possible, 
locate insulated piping for 1" clearance outside insulation.  Whenever possible in 
finished and occupied spaces, conceal piping from view, by locating in column 
enclosures, in hollow wall construction, or above suspended ceilings.  Do not encase 
horizontal runs in solid partitions, except as indicated. 


C. Elevator Machine Rooms, Switchgear, Generator, Telecommunications, Telephone 
Rooms, and Electrical Equipment Spaces:  Do not run piping through transformer 
vaults and other electrical or electronic equipment spaces and enclosures unless 
unavoidable.  Install drip pan under piping that must be run through electrical spaces. 
 Route drip pan drain piping to floor drain, floor sink or other approved receptor. 


D. Manual type vent may be used in lieu of automatic type, where specifically shown on 
the Drawings. 


3.7 SLEEVE INSTALLATION 


A. Install sleeves for piping passing through penetrations in floors, and roofs.  


B. Install sleeves in concrete floors above grade, concrete roof slabs, and concrete 
walls as new slabs and walls are constructed. 
1. Cut sleeves to length for mounting flush with both surfaces. 


a. Exception:  Extend sleeves installed in floors of mechanical 
equipment areas or other wet areas 2 inches (50 mm) minimum 
above finished floor level. 


2. Using grout, seal the space outside of sleeves in slabs and walls without 
sleeve-seal system. 


3.8 SLEEVE-SEAL-SYSTEM INSTALLATION 


A. Install sleeve-seal systems in sleeves in exterior concrete walls at service piping 
entries into building. 


B. Select type, size, and number of sealing elements required for piping material and 
size and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping 
in penetration, assemble sleeve-seal system components, and install in annular 
space between piping and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make a watertight seal. 


C. Aboveground, Cast-in-Place Watertight Sleeves.  Select sleeve size based on pipe 
size and material to be inserted, and thickness of wall. 
1. Install cast-in-place watertight sleeves for pipes NPS 6 (DN 150) and smaller 


in diameter. 
2. Position cast-in-place water tight sleeve in wall space securing sleeve to 


reinforcing steel using tie wire. 
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D. Underground, Exterior-Wall, Cast-in-Place Watertight Penetrations.  Select sleeve 
size based on pipe size and material to be inserted, and thickness of wall. 
1. Install cast-in-place watertight sleeves for pipes NPS 6 (DN 150) and smaller 


in diameter. 
2. Secure sleeve to the reinforcing steel using tie wire. 


3.9 WELDING 


A. Qualifications of Welders:  Welders performing work under this Contract shall be 
certified and qualified in accordance with tests prescribed by the National Certified 
Welding Bureau (NCWB) or by other approved test procedures using methodology 
and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, 
"Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and 
Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power 
Piping". 
1. Submit for approval the names, identification, and welder's assigned 


number, letter or symbol of welders assigned to this project. 
2. The assigned identification symbol shall be used to identify the work of each 


welder and shall be indelibly stamped immediately upon completion of each 
weld. 


3.10 PIPING SYSTEM JOINTS 


A. All piping shall be cut squarely, free of rough edges and reamed to full bore.  Piping 
shall be mechanically cleaned prior to make-up of joints and fully inserted into 
fittings. 


B. Provide joints of type indicated in each piping system. 


C. Thread pipe in accordance with ANSI B2.1.  Cut threads full and clean using sharp 
dies.  Ream threaded ends to remove burrs and restore full inside diameter.  
Remove excess cutting oil from piping prior to assembly.  Apply pipe joint compound, 
or pipe joint tape (Teflon) where recommended by pipe/fitting manufacturer, on male 
threads at each joint and tighten joint. 


D. Solder copper tube and fitting joints with lead free nickel/silver bearing solder 
meeting ASTM.  B-32, in accordance with IAPMO IS 3-93, ASTM B-828 and Copper 
Development Association recommended procedures.  Joints shall be cleaned by 
other than chemical means prior to assembly.  "Shock" cooling is prohibited.  Fluxes 
shall be applied liberally to the outside of the pipe and the solder cup of the fitting.  
Fluxes shall be water soluble for copper and brass potable water applications, and 
shall meet CDA standard test method 1.0 and ASTM B813-91.  Solder shall be 
applied until a full fillet is present around the joint.  Solder and flux shall not be 
applied in such excessive quantities as to run down interior of pipe.  Lead solder or 
corrosive flux shall not be present at the jobsite. 
1. Manufacturers: 


a. Solder: JW Harris "Bridgit" or Englehard "Silvabrite 100". 
b. Flux: Laco "Flux-Rite 90", MW Dunton "Nokorode CDA Flux", 


Hercules "Fluid Action Solder Flux". 


E. Braze copper tube and fitting socket or extrude joints (T-drill) with BCUP series filler 
metal without flux.  Listed brazing flux shall be used for joining of copper tube to 
brass or bronze fittings and shall meet AWS FB3A or FB3C.  Medical gas system 
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brazing shall be as specified in Section 226313.  "Shock" cooling is prohibited.  A 
continuous fillet shall be visible around the completed joint.  After cooling, flux 
residue shall be thoroughly removed with warm water and a brush prior to testing.  
Do not use BCUP filler on copper alloys containing over 10% nickel. 


F. Alternative domestic water piping mechanical press type connections with pre-
approval from Owner’s Representative.  Copper press fittings shall be made in 
accordance with the manufacturer’s installation instructions.  The tubing shall be fully 
inserted into the fitting and the tubing marked at the shoulder of the fitting.  The fitting 
alignment shall be checked against the mark on the tubing to assure the tubing is 
fully engaged (inserted) in the fitting.  The joints shall be pressed using the tool 
approved by the manufacturer. Copper press fittings shall conform to the material 
and sizing requirements of ASME B16.22.  O-rings for copper press fittings shall be 
EPDM.  Viega/Ridgid or approved equal. 


G. Piping shall be capped during construction to prevent entry of foreign material. 


H. Weld pipe joints in accordance with recognized industry practice and as follows: 
1. Weld pipe joints only when ambient temperature is above 0°F. 
2. Bevel pipe ends at a 37.5° angle where possible, smooth rough cuts, and 


clean to remove slag, metal particles, and dirt. 
3. Build up welds with stringer-bead pass, followed by hot pass, followed by 


cover or filler pass.  Eliminate valleys at center and at edges of each weld.  
Weld by procedures which will ensure elimination of unsound or unfused 
metal, cracks, oxidation, blow-holes, and non-metallic inclusions. 


4. Do not weld out piping system imperfections by tack-welding procedures.  
Refabricate to comply with requirements. 


5. At Installer's option, install forged branch-connection fittings whenever 
branch pipe is indicated, or install regular T-fitting. 


I. Flanged Joints:  Match flanges within piping system, and at connections with valves 
and equipment.  Clean flange faces and install gaskets.  Tighten bolts to provide 
uniform compression of gaskets. 


J. Cast-Iron Joints:  Comply with coupling manufacturer's Cast Iron Soil Pipe Institute 
Standards and installation instructions. 


3.11 VALVES 


A. General:  Except as otherwise indicated, comply with the following requirements: 
1. Install valves where required for proper operation of piping and equipment, 


including valves in branch lines where shown on drawings.  Locate valves so 
as to be accessible and so that separate support can be provided as 
necessary. 


2. Install valves, except butterfly valves, with stems pointed up, in vertical or 
equal position where possible, but in no case with stems pointed downward 
from horizontal plane without prior written approval.  Install valve drains with 
hose-end adapter for each valve that must be installed with stem below 
horizontal plane. 


3. Install butterfly valves with stems mounted horizontally or above horizontal 
plane. 
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4. All valves mounted higher than 8’ above floor in mechanical rooms and 
where indicated shall be installed with stem horizontal and equipped with 
chain wheels and chains extending to 6' above floor. 


5. Provide Seismic shut off valve on gas main downstream of meter. 


B. Insulation:  Where insulation is indicated, install extended-stem valves, arranged in 
proper manner to receive insulation. 


C. Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select 
and install valves with the following ends of types of pipe/tube connections: 
1. Copper Pipe, 2-1/2" and Smaller:  Soldered-joint valves. 
2. Steel Pipe, 2" and Smaller:  Threaded joint valves. 
3. Larger Pipe Sizes:  One of the following, at installer's option: 


a. Flanged valves. 
b. Lug valves. 


D. Fluid Control:  Except as otherwise indicated, install gate, ball, plug, circuit setter, 
globe, and butterfly valves to comply with ASME B31.9. 


E. Swing Check Valves:  Install in horizontal position with hinge pin horizontally 
perpendicular to center line of pipe.  Install for proper direction of flow. 


F. Wafer Check:  Install between 2 flanges in horizontal or vertical position. 


G. Ball Valve:  Ball valve used on gas systems shall be UL listed, CSA approved for 
pressure of system, no exception. 


H. Valve Adjustment:  After piping systems have been tested and put into service, but 
before final testing, adjusting, and balancing, inspect each valve for possible leaks.  
Adjust or replace packing to stop leaks, replace valve if leak persists. 


I. Valve Identification:  Tag each valve in accordance with "Mechanical Identification" 
section. 


J. Cleaning:  Clean factory-finished surfaces.  Repair marred or scratched surfaces 
with manufacturer's touch-up paint. 


3.12 TEMPERATURE GAUGES 


A. General:  Install temperature gauges in vertical upright position, and tilted so as to be 
easily read by observer standing on floor without supplemental illumination.  All 
gages to be installed with snubbers to absorb system shock. 


B. Install in the following locations, and elsewhere as indicated: 
1. At outlet of hot water heaters. 
2. At inlet and outlet of boilers. 


3.13 MECHANICAL SLEEVE SEALS 


A. Loosely assemble rubber links around pipe with bolts and pressure plates located 
under each bolt head and nut.  Push into sleeve and center.  Tighten bolts until links 
have expanded to form a watertight seal. 
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B. Fire Barrier Penetration Seals:  Fill entire opening with sealing compound in 
compliance approved and listed UL system number.  Adhere to manufacturer's 
installation instructions. 


3.14 SUPPORTS AND HANGERS (SEE 220500-BASIC PLUMBING MATERIALS AND 
METHODS) 


3.15 EQUIPMENT RAILS AND PIPE PORTALS 


A. Install per manufacturer's instructions. 


B. Coordinate with other trades so units are installed when roofing is being installed. 


C. Verify roof insulation thickness and adjust raise of cant to match. 


3.16 VIBRATION CONTROL ISOLATORS 


A. Refer to Section 220548 – Vibration Isolation for Plumbing Piping and Equipment. 


3.17 EXPANSION LOOPS 


A. Expansion Loops:  Fabricate expansion loops as indicated, in locations indicated, 
and elsewhere as determined by installer for adequate expansion of installed piping 
system.  Subject loop to cold spring which will absorb 50% of total expansion 
between hot and cold conditions.  Provide pipe anchors and pipe alignment guides 
as indicated, and elsewhere as determined by installer to properly anchor piping in 
relationship to expansion loops. 


B.  


3.18 EXCAVATION AND BACKFILL 


A. Underground piping shall be installed in stable, open trench work.  Trench 
excavations shall be a minimum of 16” wide, true to line and grade.  Contractor shall 
exercise all due shoring and safety procedures.  No stones larger than 1” may be 
present in the trench to a minimum depth of 4” below the trench bottom.  The trench 
shall be free of job site debris, and free of corrosive media.  Pipe crown shall be not 
less than 24” below the finished ground surface for metallic pipe, and 30” for non-
metallic pipe, unless otherwise indicated on the drawings or directed by the Architect. 
 Trenches shall be kept free of excess moisture, and shall be kept open for only a 
short a time as necessary for installation, testing and inspection.  Dispose of surplus 
excavation and seepage water as directed by the Architect. 


B. Piping shall be properly bedded and backfilled over stable trench bottom to a level of 
at least 12” above the pipe crown with thin layers of unwashed sand, dampened but 
not puddle, and free of organic or corrosive materials and excessive moisture.  
Backfill shall be placed in thin layers not to exceed 12” and tamped by mechanical 
tampers to a minimum 90% Modified Proctor Density, in accordance with ASTM D-
1557-12.  All pipes shall be covered with at least 3 feet of backfill prior to being 
subjected to wheel loads, per detail #2 on sheet C-003. In graded and undeveloped 
areas, in addition to procedures specified above, backfill trenches with crown 8” 
above the surrounding surface. 
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C. Excavated  and backfill in soils of unstable nature shall be provided as directed by 
Architect. 


3.19 PIPE INSPECTIONS 


A. It is the intent of the Contract Documents that systems be inspected at completion of 
each phase while under tests required for administrative authorities, and prior to 
concealment, i.e. “Rough-in” “top-out” and final. 


B. Inspection – Below Grade:  All piping installed below grade shall be inspected prior to 
burial by the Owner’s Representative.  Contractor must notify Owner’s 
Representative no less than 24 working hours prior to inspection time.  Should the 
piping be buried prior to inspection the contractor may be requested to uncover the 
piping at no delay to the project and at no additional cost to the Owner. 


C. Inspection – Above Grade:  All piping installed above grade shall be made available 
for inspection upon completion and prior to finish of walls and ceilings.  Contractor 
must notify Owner’s Representative no less than 24 working hours prior to the 
desired inspection time.  Should the piping be hidden within the structure prior to 
inspection the contractor may be requested to uncover the piping at no delay to the 
project and at no additional cost to the Owner. 


3.20 CLEANING, FLUSHING, DISINFECTING 


A. General:  Clean exterior surfaces of installed piping systems of superfluous 
materials, and prepare for application of specified coatings (if any). 


B. Inspect pressure piping in accordance with procedures of ASME B31. 


C. Disinfect water mains and water service piping in accordance with Section 220500. 


3.21 TESTING 


A. Provide all tests specified hereinafter.  All tests shall meet or exceed the minimum 
requirements of applicable codes and local ordinances.  Provide all test equipment, 
including test pumps, gauges, instruments, and other equipment required.  Test all 
rotational equipment for proper direction of rotation.  Upon completion of testing, 
certify to the Architect, in writing, that the specified tests have been performed and 
that the installation complies with the specified requirements and provide a report of 
the test observations signed by qualified inspector. 


B. Piping:  Remove from the system, during testing, all equipment which would be 
damaged by test pressure.  Replace removed equipment when testing has been 
accomplished.  The system may be tested in sections as the work progresses; 
however, any previously tested portion shall become a part of any latter test of a 
composite system.  Correct leaks by remaking joints with new material. 


C. Test time will be accrued only while full test pressure is on the system, unless 
indicated otherwise.  “Tolerance” shall be no pressure drop, except that due to 
temperature change in a 24-hour period.  Inspect and test all work prior to burying or 
concealing.  Test pressure shall be one and one-half times the system operating 
pressure or the listed test pressure below, whichever is greater: 
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System Test Medium Test Pressure Tolerance-Test Period 


Domestic Water Water 150 psig None –1 hour 


Sanitary Sewer (non-
plastic) 


Water 10 ft head (or 5 psi 
air) 


No leaks – 15 minutes 


Vent (non-plastic) Air 5 psi No leaks – 15 minutes 


Storm Water 10 ft head (or 5 psi 
air) 


No leaks – 15 minutes 


Automatic Fire Water 200 psig None – 8 hours 


Natural Gas Air or Nitrogen 100 psig None – 1 hours 


Compressed Air Air 200 psig None – 1 hours 


Gases/Vacuum Nitrogen 1.5 times operating 
pressure 


No leaks – 1 hour or 
per NFPA requirement 


D. Valves:  Test all valve bonnets for tightness.  Test operate all valves at least once 
from closed-to-open-to-closed position while valve is under test pressure.   


E. Piping Specialties:  Test all thermometers, pressure gauges, and water meters for 
accurate indication; automatic water feeders, air vents, trap primers, and vacuum 
breakers for proper performance.  Test all air vent points to ensure that all air has 
been vented. 


F. Backflow Preventers:  Each testable backflow prevention device shall be tested and 
approved by certified testers after installation.  Submit test results. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 220500 - Basic Plumbing Materials and Methods, and other Sections in Division 22 specified herein. 



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 220500:  Basic Plumbing Materials and Methods

		B. Section 223000:  Plumbing Equipment

		C. Section 224000:  Plumbing Fixtures

		D. Division 26:  Electrical

		E. Division 09: Finishes/Painting



		1.4 QUALITY ASSURANCE

		A. Manufacturers Qualifications:

		B. Codes and Standards:



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer’s technical product data for all piping, valves and specialties indicating dimensions, valve CV, tolerances etc.

		B. Shop Drawings:  Submit shop drawings indicating underground piping installation showing all fittings with inverts. Indicate all footings and grade beams.

		C. Maintenance Data:  Submit maintenance instructions on accordance with requirements of Division 01.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Furnish and install all new material, equipment, and apparatus hereinafter specified unless specifically noted otherwise.  All material, equipment, and apparatus shall be identified by the manufacturer's name, nameplate, and pertinent data.

		B. Type M copper piping is not acceptable for any pressure water piping unless specifically noted otherwise.

		C. For all Grade B piping specified below grade provide a mill report with production identification numbers for piping submitted to permit tracking of pipe by mill and production lot.

		D. All materials, equipment, and apparatus are mentioned as standards unless noted otherwise.  The words "or approved equal" shall be considered to be subsequent to all manufacturer's names used herein, unless specifically noted that substitutes are not allowed.



		2.2 STANDARD PIPE AND FITTING

		A. Domestic Water Pipe & Fittings (Below Grade):

		B. Domestic Hot and Cold Water Pipe & Fittings and Pumped Systems (Above Grade):

		C. Condensate and Indirect drains:

		D. Trap Primer Piping:

		E. Sanitary Sewer, Vent, Rainwater Pipe & Fittings:

		F. Rainwater Leader Pipe and Fittings-Alternative for Exposed Areas Above Grade: 

		G. Aboveground sanitary-sewage forced mains (pumped discharge) up to 6” shall be one of the following:

		H. Underground sanitary-sewage forced mains (pumped discharge) up to 4” shall be one of the following:

		I. Single Wall Acid Waste Pipe and Fittings:  

		J. Natural Gas Pipe & Fitting (Above Grade)

		K. Natural Gas Piping (Below Grade)



		2.3 VALVES: GENERAL

		A. General:  Valve ratings shall exceed respective system operating pressures by 50% (minimum).  All valves shall be line size unless otherwise noted.

		B. Product Data:  Submit manufacturer’s technical product data, including installation instructions for each type of valve.  Include pressure drop curve or chart for each type and size of valve.  Submit valve schedule showing manufacturer’s figure number, size, location, and valve features for each required valve.

		C. Shop Drawings:  Submit manufacturer’s assembly-type (exploded view) shop drawings for each type of valve, indicating dimensions, weights, materials, and methods of assembly of components.

		D. Acceptable manufacturers (manufacturer and model number listed for individual valves indicates minimum acceptable by all manufacturers):

		E. Valve Identification:  Provide valves with manufacturer’s name (or trademark) and pressure rating clearly marked on the valve body.

		F. Operators:  Provide handwheels, fastened to valve stem, for valves other than quarter-turn.  Provide lever handle for quarter-turn valves, other than plug valves.  Provide one wrench for every 10 plug valves, and one in each size.  Provide extended levers/stems for valves on insulated lines. For manual valves 2 ½” and larger located 8 feet above the floor in mechanical rooms provide chain operator to permit operating the valve from 4’-0” above floor.

		G. Valve Features:



		2.4 DOMESTIC PLUMBING SERVICE VALVES

		A. Ball Valves:

		B. Butterfly Valves:

		C. Check Valves:

		D. Angle Stop Valves:



		2.5 NATURAL GAS SERVICE VALVES

		A. General:  All valves to be UL listed for the required fluid service.  

		B. Ball Valves:

		C. Seismic Gas Shutoff Valves:



		2.6 COMPRESSED AIR AND VACUUM SERVICE VALVES

		A. Ball Valves:

		B. Butterfly Valves:

		C. Air Vent Needle Valves:



		2.7 BALANCING VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE

		A. Pressure Dependent Water Flow:



		2.8 BACKFLOW PREVENTION VALVES

		A. General:  All backflow prevention valves shall be State approved and listed.

		B. Reduced Pressure Principal Backflow Prevention Assembly for High Hazard Applications:

		C. Atmospheric Vacuum Breaker: Assembly shall consist of a bronze vacuum breaker body with silicone disc, and full size orifice.  Device shall be IAPMO listed, meet ASSE 1001 and ANSI A113.1.1.  Chrome plated in finish areas.  Apollo Lead Free 38LF Series.

		D. Pressure Vacuum Breaker: Assembly shall consist of a one piece bronze or stainless steel body, with stainless steel spring loaded check, rubber diaphragm, and atmospheric vent, breakaway set screw.  Provide chrome plated in finish areas.  Apollo #4A-PVB Series or equal.



		2.9 PRESSURE REDUCING VALVES

		A. Single seated, direct operated type; high capacity, having bronze body with strainer, by-pass feature, pressure gauge tappings and complying with requirements of ASSE Standard 1003.  Select proper size for maximum flow rate and fail-off at inlet and outlet pressure indicated.  Apollo Lead Free #36HLF Series or equal by Watts or Cash Acme.

		B. Single seated, pilot operated globe valve type having ductile iron body with FDA approved epoxy coating inside and out, with Y strainer, stainless steel seat, FDA approved diaphragm, copper control tubing, pressure gauge tappings and complying with requirements of ANSI Standard A112.26.2.  Select proper size for maximum flow rate and fall-off at inlet and outlet pressure indicated.  Apollo #A108 series or equal by Watts or Cash Acme.



		2.10 PRESSURE RELIEF VALVES

		A. Pressure Relief Valve:  Lead free bronze body construction, thermostat and test lever, and initial pressure relief set at 125 psi (adjust for system requirements).  Certified to meet ASME low pressure heating boiler code.

		B. Manufacturers:  Watts #LF3L, Cash Acme #LFF-95 Series or equal.



		2.11 TEMPERATURE AND PRESSURE RELIEF VALVES

		A. Temperature and Pressure Relief Valve:  Lead free bronze body construction, thermostat and test lever, temperature relief set at 210⁰F, and pressure relief set at 125 psi.  Certified to meet ASME low pressure heating boiler code and ANSI Z21.22.

		B. Manufacturers:  Watts #LF Series (100XL, 40, 140, N240, 340), Cash Acme #FVX Series or equal.



		2.12 VACUUM RELIEF VALVES

		A. Vacuum Relief Valve:  Lead free brass body construction, protective cap, 1/2” male NPT, maximum operating temperature 250⁰F.  Tested and rated to ANSI Z21.22.

		B. Manufacturers:  Watts #LFN36 Series, Cash Acme #VR-801, or equal.



		2.13 GAS PRESSURE REGULATOR VALVES - VENTED

		A. Diaphragm operated with adjusting screw and relief valve.  Steel, cast iron or ductile iron construction as required for application.  Size and capacity as indicated on drawings.  Regulators shall be approved by the serving gas supplier.  CSA and UL listed.

		B. Where gas supply regulator will be located indoors provide internal relief valve with overpressure protection and set to discharge at 10% above equipment operating setpoint.  Route relief vent pipe to exterior of building in compliance with code.

		C. Manufacturer: Emerson Fisher #SC800 Series, Maxitrol or equal.



		2.14 GAS PRESSURE REGULATOR VALVES – VENT LIMITING

		A. Lever acting design for 2 psi propane piping systems or 5 psi natural gas piping systems with adjusting screw for outlet pressures of 7” to 11” wc.  Aluminum body with threaded connections.

		B. ANSI Z21.80/CSA 6.22 listing with vent limiting device for indoor installation in ventilated (occupied) spaces.  Vent piping to outdoor is not required.  Install per manufacturer’s installation instructions.  Size and capacity as indicated on drawings.

		C. Manufacturer: Maxitrol #325 Series with vLimiter, or equal.



		2.15 THERMOSTATIC MIXING VALVE ASSEMBLY

		A. Factory assembled cabinet with one thermostatic mixing valve to serve low volume flow range and adjustable to maintain +/-5⁰F up to leaving water temperature of 150⁰F.  Refer to drawings for locations, capacities, pressure drops, flow rates, and models.

		B. Full cabinet enclosure for all components.  Stainless steel or powder coated steel cabinet for recessed or surface mounting with hinged access door.  Refer to drawings for mounting requirements.  Top or bottom water supplies as required.  Provide access door with cylinder lock.  Finish color as selected by Architect or Owner’s Representative.

		C. Thermostatic valve constructed of brass and stainless steel, with screwdriver locking temperature regulators, check stops, removable/replaceable cartridge, stainless steel piston, ball valves, bimetal dial thermometer (20⁰F to 200⁰F range), brass pipe fittings, and unions.  Interior parts in standard rough bronze, nickel or chrome finish.

		D. Mixing valve assembly shall be ASSE 1070 (Performance Requirements for Water Temperature Limiting Devices) compliant with adjustable and lockable means to limit the hot water temperature setting.

		E. Valve assembly shall be ASSE 1017 certified and meet low lead requirements of wetted surface area containing less than 0.24% lead by weight.  Compliant with ASME A112.18.1/CSA B125.2, CA 116875 and NSF 372.

		F. Manufacturers: Apollo #34 Series, Symmons #Maxline 7 Series, Leonard #LF Series or equal.



		2.16 THERMOSTATIC MIXING VALVE ASSEMBLY – HIGH/LOW FLOW

		A. Factory assembled cabinet with two thermostatic mixing valves to serve broad range of flow conditions and adjustable to maintain +/-5⁰F up to leaving water temperature of 150⁰F.  Refer to drawings for locations, capacities, pressure drops, flow rates, and models.

		B. Full cabinet enclosure for all components.  Stainless steel or powder coated steel cabinet for recessed or surface mounting with hinged access door.  Refer to drawings for mounting requirements.  Top or bottom water supplies as required.  Provide access door with cylinder lock.  Finish color as selected by Architect or Owner’s Representative.

		C. Thermostatic valve constructed of brass and stainless steel, with screwdriver locking temperature regulators, pressure reducing valve, check stops, removable/replaceable cartridge, stainless steel piston, ball valves, two pressure gauges, bimetal dial thermometer (20⁰F to 200⁰F range), brass pipe fittings, and unions.  Interior parts in standard rough bronze, nickel or chrome finish.  

		D. Mixing valve assembly shall be ASSE 1070 (Performance Requirements for Water Temperature Limiting Devices) compliant with adjustable and lockable means to limit the hot water temperature setting.

		E. Valve assembly shall be ASSE 1017 certified and meet low lead requirements of wetted surface area containing less than 0.24% lead by weight.  Compliant with ASME A112.18.1/CSA B125.2, CA 116875 and NSF 372.

		F. Manufacturers: Apollo #34 Series, Symmons #Maxline 7 Series, Leonard #LF Series or equal.



		2.17 SOLENOID VALVES

		A. UL listed, globe pattern bronze valve with threaded ends, stainless steel pilot, bronze piston, malleable iron solenoid assembly with 1/2" tapped conduit connections and Class "A" coil, 120 Volt, 60 Hertz.  Solenoid valve shall be wired to the Fire Alarm System.  The valve shall close instantly on application of current and open when de-energized.  Provide solenoid valve on gas line into boiler and water heating rooms where the aggregate gas input is over 400,000 Btuh.  Wire to “mushroom” button(s) outside of each door to room.



		2.18 THERMOMETERS AND GAUGES

		A. General:

		B. Thermometers:

		C. Thermometer Test Wells:

		D. Temperature Gauge Connector Plugs:

		E. Pressure Gauges:

		F. Pressure Gauge Cocks:

		G. Pressure Gauge Connector Test Plugs:



		2.19 PIPING SPECIALTIES

		A. General:

		B. Pipe Escutcheons:

		C. Low Pressure Y�Type Pipeline Strainers:

		D. Drip Pans:

		E. Air Vent with Valves:

		F. Dielectric Unions:

		G. Dielectric Flanges: Provide dielectric flanges for flanged transitions between dissimilar metal piping.  Watts Series 3100 C.T.S. flanges or approved equal.

		H. Unions:

		I. Flanges:

		J. Pipe Sleeves:

		K. Valve Boxes:  Concrete body, cast iron cover with vandal resistant screws, extensions as required to extend full depth to valve.  Valve box cover lettering shall correspond to the valve service, "Water", "Gas", "Fire", "Sewer", etc.  Christy #G8 or equal.



		2.20 PIPE COATING

		A. Pipe coatings and or wrapping may be required for certain pipe materials where pipes are located in corrosive soils or corrosive air environments.  Verify local soil and air conditions with building department and soils report, when available.  Protect all underground buried steel and copper pipe and fittings.  Protect all aboveground exposed steel and copper pipe and fittings located in corrosive air environments.  Buried cast iron does not require protection unless specifically required by the AHJ or project Soils Report.

		B. Provide pipe protection using one of the following methods:



		2.21 GAS CONNECTORS

		A. General Areas: CSA rated, UL listed, braided stainless steel gas hose of size and capacity to meet appliance input requirements.

		B. Gas connectors for outdoor applications shall be listed for exterior use.



		2.22 EXPANSION COMPENSATORS

		A. General:  Pipe expansion, in general, is to be absorbed in bends, swing joints, expansion loops, and offsets.  All piping mains, branches and runouts shall be installed to allow for free expansion and contraction without developing leaks or undue stressing of pipe.  Stresses shall be within allowable limits of ASME B31.1 for pressure piping.    Expansion products to conform to the standards of the Expansion Joint Manufacturer's Association.  Expansion joints shall not required packing.  Installer shall select materials and pressure/temperature ratings to suit intended service.  Select packless expansion joints to provide 150% absorption capacity of calculated maximum piping expansion between anchors.  All connections shall have ends to match piping system application.

		B. Flexible Expansion Joint/Seismic Connector for Steel Pipe:  Stainless steel hose and braid, 180° return, CSA approved, and end fittings.  Metraflex #Metraloop or approved equal.

		C. Flexible Connection for Steel Pipe (Piping and Equipment Located Outside the Building):  Stainless steel hose and braid, with threaded or flanged ends.  Metraflex #SST or approved equal.

		D. Flexible Connection for Copper Pipe:  Bronze hose and braid, copper tube ends.  Metraflex #BBS or approved equal.

		E. Pipe Alignment Guides:  Provide pipe alignment guides on both sides of expansion joints, and elsewhere as indicated on drawings.  Guide shall be of carbon steel construction with split guiding cylinder and integral anchor base and internal four finger two-piece spider.  Cylinder wall thickness shall be equal to schedule 40 wall thickness of pipe being guided.  Spider shall be capable of clamping directly to pipe and moving only in an axial direction while inside cylinder.   Anchoring directly to building substrate.  Metraflex #Style IV or equal.

		F. Expansion Loops:  Provide field fabricated pipe expansion loops as detailed on the drawings or in place of mechanical expansion joints.



		2.23 PROCESS VALVES

		A. Refer to Section 222114.



		2.24 FIRE PROTECTION VALVES:

		A. Refer to Section 211000.





		PART 3 - EXECUTION

		3.1 GENERAL

		A. Workmanship shall be performed by licensed journeymen or master mechanics and shall result in an installation consistent with the best practices of trades.

		B. Install work uniform, level and plumb, in relationship to lines of building.  Do not install any diagonal, or otherwise irregular work unless so indicated on Drawings or approved by Architect.



		3.2 MANUFACTURER'S DIRECTIONS

		A. Follow manufacturers' directions and recommendations in all cases where the manufacturers of articles used on this Contract furnish directions covering points not shown on the Drawings or covered in these Specifications.



		3.3 INSTALLATION

		A. Coordinate the work between the various Plumbing Sections and with the work specified under other Divisions of the work or contracts toward rapid completion of the entire project.  If any cooperative work must be altered due to lack of proper supervision or failure to make proper provisions in time, then the work hereunder shall include all expenses of such changes as are necessary in the work under other contracts, and such changes shall be directly supervised by and made to the satisfaction of the Engineer.

		B. The cooperative work not included in the Plumbing Division related to the general construction work is as follows:

		C. Inspect all material, equipment, and apparatus upon delivery and do not install any that may be subject to rejection as a result of damage or other defects.  Provide tarps and visqueen cover to protect equipment and piping delivered to and stored at the site.



		3.4 WORKING PRESSURES

		A. All fittings, valves, pipe, specialties equipment shall be rated for the working pressure subjected in the installed locations.

		B. Drawings indicate working pressure in each system.  The rating of the equipment and material shall not be less than that of the system pressures.



		3.5 PIPES SIZES TO EQUIPMENT

		A. General:  Pipe sizes indicated shall be carried full size to equipment served.  Any change of size to match equipment connection shall be made within one foot of equipment.

		B. At temperature control valves with sizes smaller than connected lines, reduction shall be made immediately adjacent to valve.



		3.6 PIPING INSTALLATION

		A. General:  Install pipes and pipe fittings in accordance with recognized industry practices which will achieve permanently leakproof piping systems, capable of performing each indicated service without piping failure.  Install each run with minimum joints or couplings, but with adequate and accessible unions for disassembly and maintenance or replacement of valves and equipment.  Reduce sizes (where indicated) by use of reducing fittings.  Align piping accurately at connections, within 1/16" misalignment tolerance.  Comply with ASME B31 Code for Pressure Piping.

		B. Locate piping runs, except as otherwise indicated, vertically and horizontally and avoid diagonal runs wherever possible.  Orient horizontal runs parallel with walls and column lines.  Locate runs as shown or described by diagrams, details, and notations or, if not otherwise indicated, run piping in shortest route which does not obstruct space or block access for servicing building and its equipment.  Hold piping close to walls, overhead construction, and other structural and permanent�enclosure elements of building.  Limit clearance to 1/2" where furring is shown for enclosure or concealment of piping, but allow for insulation thickness, if any.  Where possible, locate insulated piping for 1" clearance outside insulation.  Whenever possible in finished and occupied spaces, conceal piping from view, by locating in column enclosures, in hollow wall construction, or above suspended ceilings.  Do not encase horizontal runs in solid partitions, except as indicated.

		C. Elevator Machine Rooms, Switchgear, Generator, Telecommunications, Telephone Rooms, and Electrical Equipment Spaces:  Do not run piping through transformer vaults and other electrical or electronic equipment spaces and enclosures unless unavoidable.  Install drip pan under piping that must be run through electrical spaces.  Route drip pan drain piping to floor drain, floor sink or other approved receptor.

		D. Manual type vent may be used in lieu of automatic type, where specifically shown on the Drawings.



		3.7 SLEEVE INSTALLATION

		A. Install sleeves for piping passing through penetrations in floors, and roofs. 

		B. Install sleeves in concrete floors above grade, concrete roof slabs, and concrete walls as new slabs and walls are constructed.



		3.8 SLEEVE-SEAL-SYSTEM INSTALLATION

		A. Install sleeve-seal systems in sleeves in exterior concrete walls at service piping entries into building.

		B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

		C. Aboveground, Cast-in-Place Watertight Sleeves.  Select sleeve size based on pipe size and material to be inserted, and thickness of wall.

		D. Underground, Exterior-Wall, Cast-in-Place Watertight Penetrations.  Select sleeve size based on pipe size and material to be inserted, and thickness of wall.



		3.9 WELDING

		A. Qualifications of Welders:  Welders performing work under this Contract shall be certified and qualified in accordance with tests prescribed by the National Certified Welding Bureau (NCWB) or by other approved test procedures using methodology and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, "Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power Piping".



		3.10 PIPING SYSTEM JOINTS

		A. All piping shall be cut squarely, free of rough edges and reamed to full bore.  Piping shall be mechanically cleaned prior to make-up of joints and fully inserted into fittings.

		B. Provide joints of type indicated in each piping system.

		C. Thread pipe in accordance with ANSI B2.1.  Cut threads full and clean using sharp dies.  Ream threaded ends to remove burrs and restore full inside diameter.  Remove excess cutting oil from piping prior to assembly.  Apply pipe joint compound, or pipe joint tape (Teflon) where recommended by pipe/fitting manufacturer, on male threads at each joint and tighten joint.

		D. Solder copper tube and fitting joints with lead free nickel/silver bearing solder meeting ASTM.  B-32, in accordance with IAPMO IS 3-93, ASTM B-828 and Copper Development Association recommended procedures.  Joints shall be cleaned by other than chemical means prior to assembly.  "Shock" cooling is prohibited.  Fluxes shall be applied liberally to the outside of the pipe and the solder cup of the fitting.  Fluxes shall be water soluble for copper and brass potable water applications, and shall meet CDA standard test method 1.0 and ASTM B813-91.  Solder shall be applied until a full fillet is present around the joint.  Solder and flux shall not be applied in such excessive quantities as to run down interior of pipe.  Lead solder or corrosive flux shall not be present at the jobsite.

		E. Braze copper tube and fitting socket or extrude joints (T-drill) with BCUP series filler metal without flux.  Listed brazing flux shall be used for joining of copper tube to brass or bronze fittings and shall meet AWS FB3A or FB3C.  Medical gas system brazing shall be as specified in Section 226313.  "Shock" cooling is prohibited.  A continuous fillet shall be visible around the completed joint.  After cooling, flux residue shall be thoroughly removed with warm water and a brush prior to testing.  Do not use BCUP filler on copper alloys containing over 10% nickel.

		F. Alternative domestic water piping mechanical press type connections with pre-approval from Owner’s Representative.  Copper press fittings shall be made in accordance with the manufacturer’s installation instructions.  The tubing shall be fully inserted into the fitting and the tubing marked at the shoulder of the fitting.  The fitting alignment shall be checked against the mark on the tubing to assure the tubing is fully engaged (inserted) in the fitting.  The joints shall be pressed using the tool approved by the manufacturer. Copper press fittings shall conform to the material and sizing requirements of ASME B16.22.  O-rings for copper press fittings shall be EPDM.  Viega/Ridgid or approved equal.

		G. Piping shall be capped during construction to prevent entry of foreign material.

		H. Weld pipe joints in accordance with recognized industry practice and as follows:

		I. Flanged Joints:  Match flanges within piping system, and at connections with valves and equipment.  Clean flange faces and install gaskets.  Tighten bolts to provide uniform compression of gaskets.

		J. Cast�Iron Joints:  Comply with coupling manufacturer's Cast Iron Soil Pipe Institute Standards and installation instructions.



		3.11 VALVES

		A. General:  Except as otherwise indicated, comply with the following requirements:

		B. Insulation:  Where insulation is indicated, install extended�stem valves, arranged in proper manner to receive insulation.

		C. Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select and install valves with the following ends of types of pipe/tube connections:

		D. Fluid Control:  Except as otherwise indicated, install gate, ball, plug, circuit setter, globe, and butterfly valves to comply with ASME B31.9.

		E. Swing Check Valves:  Install in horizontal position with hinge pin horizontally perpendicular to center line of pipe.  Install for proper direction of flow.

		F. Wafer Check:  Install between 2 flanges in horizontal or vertical position.

		G. Ball Valve:  Ball valve used on gas systems shall be UL listed, CSA approved for pressure of system, no exception.

		H. Valve Adjustment:  After piping systems have been tested and put into service, but before final testing, adjusting, and balancing, inspect each valve for possible leaks.  Adjust or replace packing to stop leaks, replace valve if leak persists.

		I. Valve Identification:  Tag each valve in accordance with "Mechanical Identification" section.

		J. Cleaning:  Clean factory�finished surfaces.  Repair marred or scratched surfaces with manufacturer's touch�up paint.



		3.12 TEMPERATURE GAUGES

		A. General:  Install temperature gauges in vertical upright position, and tilted so as to be easily read by observer standing on floor without supplemental illumination.  All gages to be installed with snubbers to absorb system shock.

		B. Install in the following locations, and elsewhere as indicated:



		3.13 MECHANICAL SLEEVE SEALS

		A. Loosely assemble rubber links around pipe with bolts and pressure plates located under each bolt head and nut.  Push into sleeve and center.  Tighten bolts until links have expanded to form a watertight seal.

		B. Fire Barrier Penetration Seals:  Fill entire opening with sealing compound in compliance approved and listed UL system number.  Adhere to manufacturer's installation instructions.



		3.14 SUPPORTS AND HANGERS (SEE 220500-BASIC PLUMBING MATERIALS AND METHODS)

		3.15 EQUIPMENT RAILS AND PIPE PORTALS

		A. Install per manufacturer's instructions.

		B. Coordinate with other trades so units are installed when roofing is being installed.

		C. Verify roof insulation thickness and adjust raise of cant to match.



		3.16 VIBRATION CONTROL ISOLATORS

		A. Refer to Section 220548 – Vibration Isolation for Plumbing Piping and Equipment.



		3.17 EXPANSION LOOPS

		A. Expansion Loops:  Fabricate expansion loops as indicated, in locations indicated, and elsewhere as determined by installer for adequate expansion of installed piping system.  Subject loop to cold spring which will absorb 50% of total expansion between hot and cold conditions.  Provide pipe anchors and pipe alignment guides as indicated, and elsewhere as determined by installer to properly anchor piping in relationship to expansion loops.



		3.18 EXCAVATION AND BACKFILL

		A. Underground piping shall be installed in stable, open trench work.  Trench excavations shall be a minimum of 16” wide, true to line and grade.  Contractor shall exercise all due shoring and safety procedures.  No stones larger than 1” may be present in the trench to a minimum depth of 4” below the trench bottom.  The trench shall be free of job site debris, and free of corrosive media.  Pipe crown shall be not less than 24” below the finished ground surface for metallic pipe, and 30” for non-metallic pipe, unless otherwise indicated on the drawings or directed by the Architect.  Trenches shall be kept free of excess moisture, and shall be kept open for only a short a time as necessary for installation, testing and inspection.  Dispose of surplus excavation and seepage water as directed by the Architect.

		B. Piping shall be properly bedded and backfilled over stable trench bottom to a level of at least 12” above the pipe crown with thin layers of unwashed sand, dampened but not puddle, and free of organic or corrosive materials and excessive moisture.  Backfill shall be placed in thin layers not to exceed 12” and tamped by mechanical tampers to a minimum 90% Modified Proctor Density, in accordance with ASTM D-1557-12.  All pipes shall be covered with at least 3 feet of backfill prior to being subjected to wheel loads, per detail #2 on sheet C-003. In graded and undeveloped areas, in addition to procedures specified above, backfill trenches with crown 8” above the surrounding surface.

		C. Excavated  and backfill in soils of unstable nature shall be provided as directed by Architect.



		3.19 PIPE INSPECTIONS

		A. It is the intent of the Contract Documents that systems be inspected at completion of each phase while under tests required for administrative authorities, and prior to concealment, i.e. “Rough-in” “top-out” and final.

		B. Inspection – Below Grade:  All piping installed below grade shall be inspected prior to burial by the Owner’s Representative.  Contractor must notify Owner’s Representative no less than 24 working hours prior to inspection time.  Should the piping be buried prior to inspection the contractor may be requested to uncover the piping at no delay to the project and at no additional cost to the Owner.

		C. Inspection – Above Grade:  All piping installed above grade shall be made available for inspection upon completion and prior to finish of walls and ceilings.  Contractor must notify Owner’s Representative no less than 24 working hours prior to the desired inspection time.  Should the piping be hidden within the structure prior to inspection the contractor may be requested to uncover the piping at no delay to the project and at no additional cost to the Owner.



		3.20 CLEANING, FLUSHING, DISINFECTING

		A. General:  Clean exterior surfaces of installed piping systems of superfluous materials, and prepare for application of specified coatings (if any).

		B. Inspect pressure piping in accordance with procedures of ASME B31.

		C. Disinfect water mains and water service piping in accordance with Section 220500.



		3.21 TESTING

		A. Provide all tests specified hereinafter.  All tests shall meet or exceed the minimum requirements of applicable codes and local ordinances.  Provide all test equipment, including test pumps, gauges, instruments, and other equipment required.  Test all rotational equipment for proper direction of rotation.  Upon completion of testing, certify to the Architect, in writing, that the specified tests have been performed and that the installation complies with the specified requirements and provide a report of the test observations signed by qualified inspector.

		B. Piping:  Remove from the system, during testing, all equipment which would be damaged by test pressure.  Replace removed equipment when testing has been accomplished.  The system may be tested in sections as the work progresses; however, any previously tested portion shall become a part of any latter test of a composite system.  Correct leaks by remaking joints with new material.

		C. Test time will be accrued only while full test pressure is on the system, unless indicated otherwise.  “Tolerance” shall be no pressure drop, except that due to temperature change in a 24-hour period.  Inspect and test all work prior to burying or concealing.  Test pressure shall be one and one-half times the system operating pressure or the listed test pressure below, whichever is greater:

		D. Valves:  Test all valve bonnets for tightness.  Test operate all valves at least once from closed-to-open-to-closed position while valve is under test pressure.  

		E. Piping Specialties:  Test all thermometers, pressure gauges, and water meters for accurate indication; automatic water feeders, air vents, trap primers, and vacuum breakers for proper performance.  Test all air vent points to ensure that all air has been vented.

		F. Backflow Preventers:  Each testable backflow prevention device shall be tested and approved by certified testers after installation.  Submit test results.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 DESCRIPTION OF SCOPE 


A. Provide complete water treatment work required by this section as indicated on 
drawings and schedules and by requirements of this section, and includes necessary 
equipment, chemicals, and service for the following systems: 
1. Cleaning solution for HVAC Piping Systems 
2. Treatment of Chilled Water Systems 
3. Treatment of Heating Water Systems 


B. Provide chemicals and service program for a period of one year from start-up date of 
equipment, including the following: 
1. Initial water analysis and recommendations. 
2. Systems start-up assistance and supporting documentation. 
3. Training of operating personnel. 
4. Periodic field service and consultation for first year of operation. 
5. Customer report charts and log sheets. 
6. Laboratory technical assistance. 


1.3 GENERAL PERFORMANCE REQUIREMENTS 


A. Water treatment systems for chilled water and heating water systems shall inhibit 
corrosion and scale to maximize efficiency and operating life of hvac equipment.  


B. Water treatment shall be based on existing water quality, HVAC system materials 
and performance, and any local jurisdictional requirements. 


C. Water treatment services shall include water analysis; water quality goal definition; 
solid or liquid chemical products designed to treat specific water conditions; effective 
dosage calculations; equipment adjustment and maintenance. Services shall be 
provided by qualified water treatment professionals trained in solid chemical 
application. 


D. Water treatment equipment for delivery of solid or liquid chemicals shall deliver 
accurate dosages per professional water treatment service recommendations, and 
use equivalent or less energy than liquid chemical systems. 


1.4 QUALITY ASSURANCE 


A. Manufacturers and Representative Qualifications.  Firms regularly engaged in 
manufacture of water treatment equipment, chemical and service shall have been 
active in the field of industrial water treatment and whose products have been in 
satisfactory use in similar service for not less than 5 years, and shall have full-time 
service personnel located within 150 miles of the project site.   
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B. Codes and Standards: 
1. ASME Compliance: Construct pressure service tanks in accordance with 


ASME Boiler and Pressure Vessel Code, Section VIII, provide stamp and 
certification. 


2. UL Labels: Provide water conditioners ancillary electrical components that 
have been listed and labeled by UL. 


3. NEMA Standards: Provide electrical controls and enclosures conforming to 
applicable standards of NEMA for environment where water conditioners are 
indicated. 


4. Chemical Standards: Provide only chemical products that are acceptable 
under state and local public health and pollution control regulations.  All 
products shall have the necessary registrations and approvals.  All biocides 
shall be registered with the company performing the service in the State 
where the project is located and the company shall have all necessary 
licenses. 


1.5 SUBMITTALS 


A. Product Data: Submit manufacturer’s technical product including rated capacities of 
selected equipment clearly indicating water pressure drops, weights, installation and 
start-up instructions, and furnished specialties and accessories. 


B. Shop Drawings: Submit manufacturer’s assembly-type shop drawings indicating 
dimensions, weight loadings, required clearances, and methods of assembly of 
components. 


C. Wiring Diagrams: Submit manufacturer’s electrical requirements for power supply 
wiring to water treatment equipment.  Submit manufacturer’s ladder-type wiring 
diagrams for interlock and control wiring.  Clearly differentiate between portions of 
wiring that are factory-installed and portions to be field-installed. 


D. Record Drawings: At project closeout, submit record drawings of installed systems 
and products. 


E. Maintenance Data: Submit maintenance data and parts list for each item of 
equipment, control, and accessory; including “trouble-shooting” maintenance guide.  
Include this data, product data, shop drawings, and wiring diagrams in maintenance 
manual. 


1.6 DELIVERY, STORAGE AND HANDLING 


A. Handle water treatment materials and components carefully to prevent damage, 
breaking, denting and scoring to materials and equipment.  Deliver packaged units in 
original crates.  Do not install damaged water treatment materials and components; 
remove from site and replace with new. 


B. Store water treatment materials and components in an environment satisfactory to 
prevent their damage by the elements. 


1.7 EXTENDED MAINTENANCE SERVICES 


A. Agreement to Maintain: Prior to time of final acceptance, submit four copies of 
“Agreement for Continued Service and Maintenance” for water treatment system, for 
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Owner’s possible acceptance.  Offer terms and conditions for furnishing chemicals 
and providing continued testing and servicing, and including replacement of 
materials and equipment, for one-year period with option for renewal of Agreement 
by Owner.  For the purposes of this section, the date of substantial completion shall 
begin on the date regular chemical treatment has commenced for the water systems. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Manufacturer: Subject to compliance with requirements, provide products by US 
Water Services, San Joaquin Chemicals, Garratt-Callahan, Chemcoa Nalco, Ecolab 
or approved equal. 


2.2 CHEMICAL POT FEEDER 


A. Provide pot feeder with removable cover, control valve, shut-off valves, drain valve, 
balancing valve and check valve. 


B. Pot feeder to be mounted on floor and provided with legs.  The unit to be five gallon 
capacity (minimum) or as scheduled and shall be piped as detailed on plans or as 
recommended by the manufacturer. 


C. Manufacturer:   Neptune, J.L.Wingert, or approved equal. 


PART 3 - EXECUTION 


3.1 CHEMICAL COMPATIBILITY 


A. The Water Treatment Contractor is responsible for determining the system material 
content and submitting chemicals compatible with each system’s content.  In the 
case of systems equipped with aluminum heat exchangers, non-Borate Nitrite 
inhibitors must be submitted.  For closed chilled water systems in excess of 10,000 
gallons, non-Nitrate inhibitors must be submitted. 


3.2 FLUSHING AND CLEANING 


A. The Water Treatment Contractor shall be responsible for furnishing the cleaning 
material and supervising the chemical cleaning of the chilled water piping, process 
cooling water system, condenser water piping, heating piping, and heat recovery 
loop piping.  See 232113 for flushing and cleaning method for HVAC piping. 


B. The system to be cleaned shall be filled with a solution of 10% by weight of a heavy 
duty alkaline liquid cleaner.  The cleaner shall be capable of wetting and penetrating 
heavy soil deposits of oil or grease, and keeping these products in suspension, for 
removal through flushing the system to drain.  Alkaline cleaners shall not be used for 
systems with galvanized components to assure no stripping of zinc coating. 


C. The cleaning solution shall be circulated for a minimum of 8 to 24 hours depending 
on the system water volume.  At the end of the circulation period the system shall be 
flushed to sanitary sewer drain for an additional 8 to 24 hours and then refilled with 
fresh water, taking care to remove any entrapped air from the system. 
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D. At the end of the cleaning period, the system shall be chemically treated as 
specified.  In no case shall the system being cleaned be left in an untreated condition 
for more than 8 hours. 


E. At the conclusion of the cleaning operation, the Water Treatment Contractor shall 
certify in writing that the system was cleaned as specified. 


3.3 TESTING 


A. Closed Systems: 
1. Provide a Nitrite “Drop Test” kit or other inhibitor test kit for determining the 


level of Nitrite or other approved inhibitor in the closed system. 


3.4 COUPON RACKS 


A. Coupon Rack for Closed Systems: 
1. Install two coupon holders between the low and high pressure of the 


circulating pump. The coupon holders shall be isolated with shut off valves 
for removing and inspecting the coupons.  When the system is ready for 
startup, the Water Treatment Contractor shall install two pre-weighted 
coupons, one copper, and the other steel in the above coupon holders, 
noting time and date.  At the end of each 180 day period, the coupons shall 
be removed, noting the time and date, re-weighed, and inspected, with a 
report being sent to the General Contractor/Mechanical Contractor, for 
distribution to the Owner’s Representative, showing the condition of the 
system being treated.  Coupon racks shall be PVC Schedule 80 composition 
for all chilled water closed loop systems and black iron composition for a 
heating water closed loop systems. 


3.5 INSTALLATION 


A. Coordination where installation of Water Treatment equipment in piping systems is 
required with the other work (plumbing and heating piping) as necessary to interface 
components of water treatment equipment.  Provide installation instructions to those 
firms providing installation. 


B. Electrical Wiring: Install electrical devices furnished by manufacturer but not 
specified to be factory mounted.  Furnish copy of manufacturer’s wiring diagram 
submittal to Electrical installer. 
1. Verify that electrical wiring installation is in accordance with manufacturer’s 


submittal and installation requirements of Division 26 sections.  Do not 
proceed with equipment start-up until wiring installation is acceptable to 
equipment installer. 


2. Install pressure gauges, valves, and controls furnished by manufacturer, in 
accordance with manufacturer’s instructions. 


C. Add corrosion inhibitor chemicals to each closed system.  The type of inhibitor 
chemicals shall be as recommended by the Water Treatment Contractor for the 
intended system materials, operating temperatures and application.  Non-Nitrate 
inhibitors must be used for all closed loop systems in excess of 10,000 gallons to 
eliminate the risk of microbiological consumption. 


D. Provide full size shut-off ball valves and piping between sidestream filter and 
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inlet/discharge side of pump.  Side-stream filters shall be of the multi-media sand 
filter type for all open systems and closed loop systems in excess of 10,000 gallons.  
The multi-media sand filters shall be capable of filtering down to a minimum of 0.5 
micron and shall automatically perform unit backwashes based on a programmed 
pressure differential set-point.  Side-stream filters for closed loop systems less than 
10,000 gallons in capacity shall be of the cartridge filter type and shall be capable of 
filtering down to a minimum of 1 micron.  Cyclone or other separator type filtration 
systems shall not be accepted 


3.6 INSPECTION 


A. Examine areas and conditions under which water treatment systems are to be 
installed.  Do not proceed with work until unsatisfactory conditions have been 
corrected. 


3.7 FIELD QUALITY CONTROL 


A. Following start-up sample water at one-week intervals for period of three (3) weeks 
and provide a test report on the conditions of the water.  Subsequent visits shall be 
at a monthly frequency. 


3.8 SYSTEM START-UP 


A. The Water Treatment Supplier shall put the system into operation, and make 
adjustments necessary for proper operation. 


B. The Water Treatment Supplier shall provide a written report to the Division 23 
Contractor indicating that the start-up has been completed and that all Water 
Treatment Equipment is operating properly. 


3.9 TESTING AND CLEANING 


A. Following start-up sample all treated water systems at one-week intervals for period 
of three (3) weeks and prepare certified test report for each system being treated.  
Subsequent visits shall be at a monthly frequency. 


B. Start-up test, and adjust water conditioners in presence of manufacturer’s authorized 
representative.  Operate units including regeneration, back washing, rinsing and 
flushing.  Adjust unit to maintain required steady state effluent water quality. 


C. Cleaning: Clean factory-finished surfaces.  Repair any marred or scratched surfaces 
with manufacturer’s touch-up paint. 


3.10 CLOSEOUT PROCEDURES 


A. Provide services of manufacturer’s technical representative to instruct Owner’s 
personnel in operation and maintenance of water treatment systems. 
1. Schedule training with Owner, provide at least 7 day notice to Contractor and 


Engineer of training date. 
2. Submit certified test reports to Engineer. 


END OF SECTION 
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		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Manufacturer: Subject to compliance with requirements, provide products by US Water Services, San Joaquin Chemicals, Garratt-Callahan, Chemcoa Nalco, Ecolab or approved equal.



		2.2 CHEMICAL POT FEEDER

		A. Provide pot feeder with removable cover, control valve, shut-off valves, drain valve, balancing valve and check valve.

		B. Pot feeder to be mounted on floor and provided with legs.  The unit to be five gallon capacity (minimum) or as scheduled and shall be piped as detailed on plans or as recommended by the manufacturer.

		C. Manufacturer:   Neptune, J.L.Wingert, or approved equal.





		PART 3 - EXECUTION

		3.1 CHEMICAL COMPATIBILITY

		A. The Water Treatment Contractor is responsible for determining the system material content and submitting chemicals compatible with each system’s content.  In the case of systems equipped with aluminum heat exchangers, non-Borate Nitrite inhibitors must be submitted.  For closed chilled water systems in excess of 10,000 gallons, non-Nitrate inhibitors must be submitted.



		3.2 FLUSHING AND CLEANING

		A. The Water Treatment Contractor shall be responsible for furnishing the cleaning material and supervising the chemical cleaning of the chilled water piping, process cooling water system, condenser water piping, heating piping, and heat recovery loop piping.  See 232113 for flushing and cleaning method for HVAC piping.

		B. The system to be cleaned shall be filled with a solution of 10% by weight of a heavy duty alkaline liquid cleaner.  The cleaner shall be capable of wetting and penetrating heavy soil deposits of oil or grease, and keeping these products in suspension, for removal through flushing the system to drain.  Alkaline cleaners shall not be used for systems with galvanized components to assure no stripping of zinc coating.

		C. The cleaning solution shall be circulated for a minimum of 8 to 24 hours depending on the system water volume.  At the end of the circulation period the system shall be flushed to sanitary sewer drain for an additional 8 to 24 hours and then refilled with fresh water, taking care to remove any entrapped air from the system.

		D. At the end of the cleaning period, the system shall be chemically treated as specified.  In no case shall the system being cleaned be left in an untreated condition for more than 8 hours.

		E. At the conclusion of the cleaning operation, the Water Treatment Contractor shall certify in writing that the system was cleaned as specified.



		3.3 TESTING

		A. Closed Systems:



		3.4 COUPON RACKS

		A. Coupon Rack for Closed Systems:



		3.5 INSTALLATION

		A. Coordination where installation of Water Treatment equipment in piping systems is required with the other work (plumbing and heating piping) as necessary to interface components of water treatment equipment.  Provide installation instructions to those firms providing installation.

		B. Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be factory mounted.  Furnish copy of manufacturer’s wiring diagram submittal to Electrical installer.

		C. Add corrosion inhibitor chemicals to each closed system.  The type of inhibitor chemicals shall be as recommended by the Water Treatment Contractor for the intended system materials, operating temperatures and application.  Non-Nitrate inhibitors must be used for all closed loop systems in excess of 10,000 gallons to eliminate the risk of microbiological consumption.

		D. Provide full size shut-off ball valves and piping between sidestream filter and inlet/discharge side of pump.  Side-stream filters shall be of the multi-media sand filter type for all open systems and closed loop systems in excess of 10,000 gallons.  The multi-media sand filters shall be capable of filtering down to a minimum of 0.5 micron and shall automatically perform unit backwashes based on a programmed pressure differential set-point.  Side-stream filters for closed loop systems less than 10,000 gallons in capacity shall be of the cartridge filter type and shall be capable of filtering down to a minimum of 1 micron.  Cyclone or other separator type filtration systems shall not be accepted



		3.6 INSPECTION

		A. Examine areas and conditions under which water treatment systems are to be installed.  Do not proceed with work until unsatisfactory conditions have been corrected.



		3.7 FIELD QUALITY CONTROL

		A. Following start-up sample water at one-week intervals for period of three (3) weeks and provide a test report on the conditions of the water.  Subsequent visits shall be at a monthly frequency.



		3.8 SYSTEM START-UP

		A. The Water Treatment Supplier shall put the system into operation, and make adjustments necessary for proper operation.

		B. The Water Treatment Supplier shall provide a written report to the Division 23 Contractor indicating that the start-up has been completed and that all Water Treatment Equipment is operating properly.



		3.9 TESTING AND CLEANING

		A. Following start-up sample all treated water systems at one-week intervals for period of three (3) weeks and prepare certified test report for each system being treated.  Subsequent visits shall be at a monthly frequency.

		B. Start-up test, and adjust water conditioners in presence of manufacturer’s authorized representative.  Operate units including regeneration, back washing, rinsing and flushing.  Adjust unit to maintain required steady state effluent water quality.

		C. Cleaning: Clean factory-finished surfaces.  Repair any marred or scratched surfaces with manufacturer’s touch-up paint.



		3.10 CLOSEOUT PROCEDURES

		A. Provide services of manufacturer’s technical representative to instruct Owner’s personnel in operation and maintenance of water treatment systems.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic Materials and Methods, and other Sections in 
Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Ductwork - Rigid, Flexible and Fabric 
2. Chimneys, Stacks and Flue Vents 
3. Ductwork Specialties 
4. Flexible Connections 
5. Sealants, Adhesives and Tapes 
6. Flashings 
7. Bird Screens 
8. Duct Access Panels and Doors 
9. Control Dampers   
10. Backdraft and Relief Dampers 
11. Louvers 
12. Diffusers, Grilles, and Registers 
13. Combination Fire and Smoke Dampers 
14. Fire Dampers 
15. Smoke Dampers 
16. Sound Traps 
17. Fan Powered Terminal Units 
18. Variable Air Volume (VAV) Terminal Units 
19. Elevator Shaft Vents 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing  


C. Section 230700:  Mechanical Insulation 


D. Section 230900:  Controls and Instrumentation 


E. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Codes and Standards: Provide products conforming to the requirements of the 
following: 
1. ARI 885-98 “Procedure for Estimating Occupied Space Sound Levels in the 


Application of Air Terminal and Air Outlets.” 







SAN DIEGO STATE UNIVERSITY SECTION 233113 
EIS COMPLEX AIR DISTRIBUTION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 233113 - 2 McParlane & Associates, Inc. 


2. AMCA-210 - Laboratory Methods of Testing Fans for Rating Purposes. 
3. ANSI S1.23 - Designation of Sound Power Emitted by Machinery and 


Equipment. 
4. ASC-A7001 - Standard for Duct Sealants. 
5. ASTM A167 - Standard Specification for Stainless and Heat-Resisting 


Chromium-Nickel Steel Plate, Sheet, and Strip.  Type 304 or 304 stainless 
steel. 


6. ASTM A525 - Standard Specification for General Requirements for Steel 
Sheet, Zinc-Coated (Galvanized) Hot-Dip Process.  G90 zinc-coated. 


7. ASTM A527/A527M - Standard Specification for Sheet, Zinc-Coated 
(Galvanized) by the Hot-Dip Process, Lock-Forming Quality. 


8. TIMA AAC-101 - Standard for fiberglass duct liner with erosion proof facing. 
9. UL 181 - Factory-Made Air Ducts and Connections, Class 1. 
10. ASHRAE Standard 130-2008 Methods of Testing Air Terminal Units 
11. AHRI Standard 885-2008, Procedures for Estimating Occupied Space 


Sound Levels in the Application of Air Terminals and Air Outlets. 


B. Conform to NFPA 90A "Standards for the Installation of Air Conditioning and 
Ventilating Systems". 


C. Provide and construct ductwork systems in conformance with the latest editions of 
the following documents: 
1. SMACNA "HVAC Duct Construction Standards-Metal and Flexible - 2005" 
2. SMACNA "Accepted Industry Practice for Industrial Duct Construction" for 


duct pressures above +5" W.G. positive pressure or below -5" W.G. negative 
pressure. Where differences exist between SMACNA and the prevailing 
building code, the gauge or construction method of the submitted ductwork 
shall be the more stringent of the two standards 


3. ASHRAE Systems and Equipment Handbook "Duct Construction" chapter 
4. ASHRAE Fundamentals Handbook "Duct Design" chapter 


D. Alternatives:  The SMACNA standards and publications referenced in this Section of 
the specifications establish ductwork construction requirements. 
1. Alternatives to these standards and publications may be submitted.  


Approval will be based on demonstration that such alternatives are 
equivalent and satisfy the functional requirements described in the 
referenced standards. 


2. Such demonstration shall include evidence that the alternatives proposed 
were tested in accordance with SMACNA procedures and with test results 
certified by an independent testing laboratory. 


E. All ductwork and equipment shall be seismically supported and braced per the 
SMACNA “Seismic Restraint Manual: Guidelines for Mechanical Systems”. 


F. Flame/Smoke Rating:  All materials, including sealants and adhesives, exposed 
within plenum shall have a flame-spread index of 25 or less, and smoke developed 
index of 50 or less, as tested by ASTM E84 (NFPA 255) method. 


1.5 SUBMITTALS 


A. Prior to construction, submit for approval on all materials and equipment: 
1. Ductwork - Rigid, Flexible and Fabric 
2. Ductwork Specialties 
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3. Flexible Connections 
4. Sealants, Adhesives and Tapes 
5. Flashings 
6. Bird Screens 
7. Duct Access Panels and Doors 
8. Backdraft Dampers 
9. Control Dampers 
10. Diffusers, Grilles, and Registers 
11. Fire/Smoke Dampers - Schedule of selected dampers must include the 


location, nominal size, free area velocity, and static pressure drop at free 
area velocity for each damper. 


12. Sound Traps 
13. VAV Boxes 
14. SMACNA "HVAC Duct Construction Standards - Metal and Flexible" 


B. Shop Drawings:  Provide shop drawings of sheet metal ductwork and plenums as 
follows: 
1. Draw to a scale not less than 1/8" to one foot, with sheet sizes equal to 


Contract Drawings. 
2. Show duct sizes, where possible use even duct sizes. 
3. Show fitting details. 
4. Show coordination with lighting fixtures, fire dampers, fire/smoke dampers, 


piping, diffusers, grilles, registers, fans, major electrical runs, cable trays and 
bus ducts. 


C. Shop Drawings: Provide shop drawings for field erected mechanical equipment: 
1. Draw to a scale of 1/2” to one foot, with sheet sizes equal to Contract 


Drawings. 
2. Show plan, sections, elevations and details of all joints and enclosures. 
3. Detail access doors and hardware. 
4. Detail coil, damper, humidifier, filter and fan installations. 
5. Show access space for electrical components that are part of the equipment 


provided and/or installed such as power and control panels on humidifiers.  
This shall be coordinated with Division 26 and CEC. 


D. Certifications:  Provide a duct schedule, certified by an officer of the sheet metal 
fabrication subcontractor, that the ductwork conforms to SMACNA standards, and for 
each sheet metal system furnished on the project include: 
1. System name. 
2. Duct material. 
3. Duct gauge. 
4. SMACNA rectangular reinforcement number. 
5. SMACNA intermediate reinforcement number. 
6. SMACNA transverse reinforcement number. 
7. Rod diameter and type. 
8. Sealant type.  
9. Attachment method. 
10. Duct system design pressure. 


E.D. Construction IAQ Management Plan:  Collaborate with the general contractor to 
submit and implement an IAQ Management Plan for the construction process 
meeting the requirements of the SMACNA IAQ Guidelines.  This plan should 
address the protection of the ventilation system components during construction and 
cleanup of contaminated components after construction is complete.  SMACNA IAQ 
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Guideline recommends control measures in five areas.  The IAQ Management Plan 
should address how compliance has been achieved in these required five areas as 
follows: 
1. HVAC Protection 


a. Shutdown of return side of existing HVAC system in areas affected 
by heavy construction. 


b. Provision of temporary filters if existing or new systems must remain 
operational during construction. 


c. Dampering of supply and returns and sealing of openings in areas 
subject to construction dust. 


2. Source Control 
a. How will reduction of contaminants be reduced at the source? 
b. What steps will be taken to employ low emitting products and 


sealants. 
c. How will air handling equipment be cycled off when not needed? 


3. Pathway Interruption 
a. Describe how the construction space will be ventilated as required to 


dilute contaminants. 
b. Describe how occupied spaces adjacent to construction areas will 


be kept at positive pressure relative to spaces under construction. 
4. Housekeeping:  Describe how the following housekeeping objectives will be 


implemented: 
a. Reduction of dust generated by work will be suppressed. 
b. Maintaining a frequent cleaning frequency for dust and particulates. 
c. Remove spills or excess applications of solvent-containing products 


as soon as possible. 
d. Remove accumulated water and keep work areas as dry as 


possible. 
e. Protect insulation materials from exposure to moisture. 


5. Scheduling:  Describe how overlap of construction activity and ongoing 
building occupancy activities will be minimized. 


F.E. Field Manual:  Submit one copy of the SMACNA "HVAC Duct Construction 
Standards - Metal and Flexible".  Maintain a second copy on the project site. 


G.F. Any ductwork installed without prior approval by the specifier, shall be replaced at the 
expense of the contractor. 


H.G. The contractor must comply with the enclosed specification in its entirety.  If on 
inspections, the specifier finds changes have been made without prior approval, the 
contractor will make the applicable changes to comply with this specification, at the 
contractor’s expense. 


I.H. At the discretion of the specifier, sheet metal gauges, and reinforcing may be 
checked at various times to verify all duct construction is in compliance. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged components. Remove damaged products from project site. 







SAN DIEGO STATE UNIVERSITY SECTION 233113 
EIS COMPLEX AIR DISTRIBUTION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 233113 - 5 McParlane & Associates, Inc. 


PART 2 - PRODUCTS 


2.1 DUCTWORK 


A. Construct all ducts and plenum of gauges, and with joints, bracing, reinforcing, and 
other construction details in accordance with the latest construction standards 
previously listed.  Metals shall be manufactured by United States Steel, Kaiser, Rolok 
or equal. 


B. Duct dimensions indicated on drawings are net, inside, clear dimensions.  For 
internally lined ducts, add lining thickness to determine metal duct dimensions. 


C. Ducts shall be constructed of material gauges and reinforcement per SMACNA 


pressurization classifications to meet 150% of the pressureSMACNA requirements 
for external static pressure scheduled on drawings for the fans serving each system. 
 Where differences exist between SMACNA and the prevailing building code, the 
gauge or construction method of the submitted ductwork shall be the more stringent 
of the two standards.  Refer to Part III - Execution for matrix of pressure and leakage 
requirements. 


2.2 SHEET METAL MATERIALS 


A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and 
duct construction methods unless otherwise indicated.  Sheet metal materials shall 
be free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 


B. Galvanized Sheet Steel:  Comply with ASTM A653/A653M. 
a. Galvanized Coating Designation:  G60 (Z180) for ductwork inside 


the building envelope in non-corrosive environments.  G90 (Z275) 
for ductwork installed external to the building and may be installed 
inside the building as an alternate to G60. 


b. Finishes for Surfaces Exposed to View:  Mill phosphatized. 


C. PVC-Coated, Galvanized Sheet Steel:  Comply with ASTM A653/A653M. 
1. Galvanized Coating Designation:  [G60 (Z180)] [G90 (Z275)]. 
2. Minimum Thickness for Factory-Applied PVC Coating:  4 mils (0.10 mm) 


thick.  On sheet metal surface of ducts and fittings exposed to corrosive 
conditions, and minimum 1 mil (0.025 mm) thick on opposite surface]. 


3. Coating Materials:  Acceptable to authorities having jurisdiction for use on 
ducts listed and labeled by an NRTL for compliance with UL181, Class 1. 


D. Carbon-Steel Sheets:  Comply with ASTM A1008/A1008M, with oiled, matte finish for 
exposed ducts. 


E. Stainless-Steel Sheets (for laboratory and hazardous material exhaust ductwork):  
Comply with ASTM A480/A480M, Type 304 or 316, as indicated in the "Duct 
Schedule" Article; cold rolled, annealed, sheet.  Exposed surface finish shall be No. 
2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" Article. 


F. Aluminum Sheets:  Comply with ASTM B209 (ASTM B209M) Alloy 3003, H14 
temper; with mill finish for concealed ducts, and standard, one-side bright finish for 
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duct surfaces exposed to view. 


G. Reinforcement Shapes and Plates:  ASTM A36/A36M, steel plates, shapes, and 
bars; black and galvanized.  Where black- and galvanized-steel shapes and plates 
are used to reinforce aluminum ducts, isolate the different metals with butyl rubber, 
neoprene, or EPDM gasket materials. 


H. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 
inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer 
than 36 inches (900 mm). 


2.3 DUCTWORK FABRICATION 


A. Joints – Sealing 
1. Duct tape is not allowed.  Rolled elastomeric duct sealants are not allowed. 
2. Solvent-based and oil-based sealants are not allowed indoors. 
3. Seal all transverse joints - this includes mechanical joints similar to 


Ductmate on all supply, return, exhaust and outside air intake ducts. 
4. All sealant systems for outdoor application to be suitable for use in exposure 


to water. 
5. All sealant systems for indoor application to be meet VOC limits as specified 


in South Coast Air Quality Management District (SCAQMD) Rule #1168 
limiting VOC’s to 80 gram/Liter for ductliner adhesives and 250 grams/Liter 
for duct sealants. 


6. Manufacturers:  Tremco, Dure Dyne, Hardcast, Ductmate, Mon-Eco 
Industries, McGill AirSeal LLC, or equal, as recommended for ductwork 
application. 


7. Water-Based Joint and Seam Sealant:  Flexible, adhesive sealant, suitable 
for high velocity and high pressure applications, UL 181B-M listed, UL 723 
classified, and complying with NFPA requirements for Class 1 ducts. 
a. Outdoor Application:  Not permitted where subject to moisture 


exposure. 
b. Indoor Application:  Hardcast Iron Grip, Ductmate PROseal, Mon-


Eco EZ Seal 44-44, or equal. 
8. Two-Part Tape Sealing System: Woven-fiber tape impregnated with gypsum 


mineral compound and modified acrylic/silicone activator to react 
exothermally with tape to form hard, durable airtight seal.  Hardcast Two Part 
II, McGill Uni-Cast, or equal. 


B. Joints - Rectangular Ducts 
1. Slip drive joints, standard seams, flanges or welding as required by 


SMACNA HVAC Duct Construction Standards for system static pressure.  
Ductmate, MEZ Industries, or equal are acceptable joint methods, but must 
be sealed as described previously.  Transverse duct joints shall be 
constructed per Figure 1-4 for types T-8 through T-25.  T-1 and T-5 slip 
joints are NOT allowed.  Joint T-2, T-3, T-6 and T-7 reinforced slip joints are 
allowed below 2” static pressures.. 


C. Joints - Round 
1. Exposed Ductwork:  Slip drive and sheet metal screws. 
2. Concealed Ductwork:  Sheet metal screws. 


D. Elbows 
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1. Construct long radius elbows with centerline not less than 1.5 times the duct 
width.  Shorter radius elbows may be used where required to fit in restricted 
spaces, or as shown.  Provide single thickness turning vanes on all short 
rectangular radius elbows less than 25" wide.  Provide double thickness 
turning vanes for short rectangular radius elbows 25" wide and greater.  
Number of vanes per SMACNA.  Elbows with square throat and radius heel 
are NOT allowed. 


E. Transitions 
1. Construct transitions with minimum slope of 1 to 5 ratio and in conformance 


to SMACNA. 


F. Branch Connections 
1. Provide 45⁰ entry boots or radius taps for rectangular duct take-offs.  Provide 


conical, bellmouth or 45⁰ lo-loss boot taps for round duct take-offs.  Straight 


90° taps are not allowed, except where round take-off duct size equals round 
branch duct size.  Provide volume dampers at take-offs for balancing if not 
specifically noted as provided at outlet or inlet.  Provide insulation guards at 
transitions to lined ductwork. 


2.4 RECTANGULAR DUCTWORK 


A. Construct rectangular ductwork to meet all functional criteria defined in Section VII, 
of the SMACNA “HVAC Duct Construction Standards Metal and Flexible” 1995 
Edition.  This shall be subsequently referred to as the SMACNA Manual.  All 
ductwork must comply with all local, code requirements.  Ductwork shall be 
constructed of galvanized steel.  Diagonally cross break all panels on ducts 30 
inches wide and larger, or bead using automatic bead machine with beads at 12 
inches on center or less.  All connections shall utilize 45° boot take-offs.  Bullhead 
tees and straight taps are not permitted.   


2.5 ROUND AND OVAL DUCTWORK 


A. Round and oval ductwork shall be constructed to SMACNA round ductwork 
requirements of galvanized sheet steel.  Comply with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible", Chapter 3, "Round, Oval, and Flexible 
Duct", based on indicated static-pressure class unless otherwise indicated.  
Longitudinal seams shall be spiral lock seams or continuous welded.  Flat oval shall 
be utilized in space-restricted areas.  Elbows shall be 5-piece mitered and welded.  
All elbows shall be long radius type with centerline radius to duct diameter of 1.5, 
exceptions will only be allowed at restricted space locations.   


B. Round or oval duct and fitting manufacturers: 
1. McGill Airflow Corporation 
2. Lindab 
3. Semco 
4. Sheet Metal Connectors 
5. Spiral Manufacturing 
6. Or equal. 


C. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor 
dimension). 
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D. Transverse Joints:  Fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible", Figure 3-1, "Round Duct Transverse Joints", for 
static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible."  All transverse joints to be externally sealed at all 
joints. 
1. Exception: internal manufactured single or dual EPDM rubber gasket fittings 


do not require external sealant. 
2. Transverse joints in ducts larger than 50” diameter require flanged joints. 
3. Lap or snap lock seams are not permitted for round ductwork of any size. 


E. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible", Figure 3-2, "Round Duct 
Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible.”  All longitudinal joints shall be 
sealed air tight with sealant or continuous welding. 
1. Fabricate round ducts larger than 90 inches in diameter with butt-welded 


longitudinal seams. 
2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) 


with butt-welded longitudinal seams. 


F. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible”, Figure 3-5, "45 Degree Tees and 
Laterals”, and Figure 3-6, "Conical Tees” and “45 Degree Boot Tees" for static-
pressure class, applicable sealing requirements, materials involved, duct-support 
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible.” 
1. Spin-in type or other types of butt tees, bullhead tees or straight taps are not 


permitted. 


2.6 FLEXIBLE DUCTWORK 


A. Flexible one-inch thick insulated round ductwork may be utilized where shown on the 
Drawings and at the last seven (7’) feet to each air outlet and inlet, unless shown 
otherwise on the plans. 


B. See Part III Execution for installation requirements. All connections shall utilize 
welded conical tees, aluminum conical fitting, Flexmaster #CBD, or 45° boot take-
offs by Flexmaster #STO.  Spin-in type or other types of butt tees, bullhead tees or 
straight taps are not permitted.  Dampers regulators shall include end bearings as 
manufactured by DuraDyne, Ventlok or equal. 


C. Flexible ductwork for low pressure systems with positive static pressure at or below 
2” w.g. positive pressure shall be a trilaminate of aluminized foil, fiberglass insulation, 
and aluminized polyester, mechanically locked to galvanized steel helix without 
adhesives, exterior 1” fiberglass insulation and fire retardant plastic outer jacket.  


Flexmaster #Type 5B, Thermaflex Model M-KE, Atco #031 Polymer Inner or 
approved equal. 


D. Flexible ductwork for medium and high pressure systems with static pressures 
above 2” w.g. through 10” w.g. positive pressure shall be a heavy coated fiberglass 
cloth fabric mechanically locked to galvanized steel helix without adhesives, exterior 
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1” fiberglass insulation and fire retardant plastic outer jacket.  Flexmaster #Type 4B, 
Thermaflex Model M-KC or approved equal. 


E. Flexible aluminum ductwork for use in magnetic/electrically sensitive room 
environments, such as MRI rooms, in low pressure systems with static pressure at or 
below 2” w.g. positive pressure shall be a trilaminate of aluminized foil with aluminum 
helix with exterior 1” aluminum jacket fiberglass insulation.  Flexmaster #TL-B or 
approved equal. 


2.7 FIBERGLASS DUCTBOARD 


A. Fiberglass ductboard may be utilized in the following instances and where indicated 
on plans: 
1. Downstream of VAV boxes. 
2. In the construction of return air transfer boots 


B. Ductboard shall be 1" thick finished with a factory-applied thermosetting acrylic 
polymer coating to the air stream side resistant to potential dust incursion into the 
material substrate, containing an immobilized EPA-approved anti-microbial agent to 
further inhibit potential microbial growth as indicated by ASTM G-21 and G-22 test 
data and resistant to fiber shed and damage during duct cleaning operations. 


C. Duct materials shall be Schuller #475 Duct board or equal.  Round to be Schuller 
Super Round or equal. 


D. Reinforce as necessary to assure no collapse of ducts under positive or negative 
pressures up to 1.0" W.G. of static pressure.  Seaming shall be provided using 
Schuller Therm-Lock PFR heat activated tape.  Application shall be applied with iron 
in accordance with manufacturer's instructions.  All Therm-Lock PFR joints shall be 
factory assembled by an approved shop.  Field joints shall be Ductmate or equal, 
flanged joints.  Support ductwork with ¾" wide galvanized sheet metal straps at 
intervals recommended by manufacturer.  Protect duct wall against abrasion from 
support straps.  Support at all fittings and each change in direction. 


2.82.7 FRP & HDPE DUCTWORK FOR UNDERGROUND APPLICATION 


A. Code Compliance:  All duct and fittings shall be designed and constructed to meet 
the applicable requirements of the mechanical codes for direct burial application.  
These requirements include: 
1. Ducts to be approved for underground installation. 
2. Plastic and HDPE duct and fittings described below may be utilized in 


underground installations only.   The maximum design temperature for 
systems utilizing plastic duct and fitting shall be 150°F and -10” to 52” w.g. 


B. Underground ductwork, including fittings, shall be constructed of fiberglass 
reinforced plastic as manufactured by Spunstrand Inc or HPDE manufactured by 
Blue Duct All ductwork and fittings shall include labels certifying this and shall be 
installed in strict accordance with the manufacturer’s instructions. 
1. Resin - The resin used shall be isophthalic polyester, tested and approved to 


meet requirements for underground installation and suitable for corrosion 
against all normal soil and moisture conditions. 


2. Inner Lining - All duct and fittings shall have a UL listed Class 1 inner liner for 
both flame spread and smoke developed ratings. 
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3. Structural Layer - The structural layer shall be filament wound of resin and 
glass to meet the specified working pressures and depths of burial 
requirements. 


4. Insulation – Insulation shall be closed cell polyisocyanurate foam that is 5/8” 
thick, R-5. 


5. Fittings - Fittings shall be fabricated from straight duct and have the same 
working pressure and will also be corrosion and moisture resistant. 


6. Reducers shall be filament wound as specified for the duct. 


C. Joints - Field joints are to be watertight by using an internal aluminum sheet metal 
sleeve secured with sheet metal screws.  The joints shall then be of the wet lay-up 
type in strict accordance with the manufacturer’s instructions.  This includes 
thoroughly cleaning and sanding areas to be joined and using polyester resin and 
fiberglass mat.  See wet lay-up joint instructions. 


D. Underground ductwork shall be factory pre-insulated including all fittings.  The duct 
shall be ICBO listed and installed in strict accordance with the manufacturer’s 
instructions. 


2.92.8 FLUE VENTS AND STACKS 


A. Refer to Section 235100 – Breechings, Chimneys, and Stacks for boiler flues and 
generator exhaust stacks. 


2.102.9 DUCT/VAV UNIT SOUND CONTROL LAGGING 


A. External wrapped with minimum 2” thick glass or mineral fiber blanket, 1.5 lb/ft
3
 


minimum density and two layers of “mass-loaded” vinyl sheet.  Each lead vinyl sheet 
shall weight 0.4-0.5 lb/ft


2
 and shall be 0.025 - 0.040 inches thick.  The lead vinyl shall 


be applied to the fiber base fabric with edges overlapped by at least 2 inches and 
sealed with duct tape.  Complete system or lead/vinyl material shall provide a 
minimum STC-20 as measured in an independent accredited acoustical laboratory in 
accordance with ASTM E90 and/or E413. 


B. The following are acceptable: 
1. Gray Loaded Vinyl from Singer Partitions, Inc., Chicago, IL. 
2. Soundfab from The Soundcoat Company, Inc., Santa Ana, CA. 
3. EAR WB-5 from EAR Corporation, Indianapolis, IN or approved equal. 


2.112.10 PLENUMS AND EQUIPMENT CASINGS 


A. Construct casings and plenums in conformance with SMACNA. 


B. Minimum Pressure Class:  Unless otherwise indicated construct plenums and 
casings to withstand either a negative or positive static pressure of 4" W.G. 


C. Single-Wall:  Provide single-wall, casings and plenums where indicated on the 
drawings. 
1. Construct in accordance with SMACNA Standards. 
2. Use steel-angle-reinforced standing-seam construction. 
3. Locate intermediate bracing angles bolted to the casing 24 inches on 


centers. 
4. Construct for static pressure indicated or for the maximum fan static 
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pressure whichever is less. 
5. Bolt to 3" high concrete pads using 1-1/2" x 1-1/2" x 1/4" thick galvanized 


steel structural sections. 


D. Double-Wall:  Provide where indicated on the drawings, constructed as follows: 
1. Provide 4" thick prefabricated double wall insulated metal panel assemblies, 


with 16MS gauge aluminum or 18 gauge minimum galvanized steel outer 
sheets. 


2. Provide 22 gauge Type 304 stainless steel inner sheets. 
3. Casings shall be fully metal enclosed, insulated with 4" thick rigid fiberglass 


insulation and conforming to NFPA 90A, with maximum flame spread of 25 
and maximum smoke developed of 50. 


4. Field or factory fabricate to size and configuration indicated on the drawings, 
using field verified dimensions. 


5. Provide coordinated shop drawings. 
6. Reinforce spans 10' or greater with structural steel sections to yield 


maximum deflection ¼" at minus 10" or plus 10" W.G. static pressure. 
7. Provide openings and doors, all factory framed, and reinforced with 304 


stainless steel structural sections. 
8. Construct doors of same material as casings, of sizes and locations 


indicated on the drawings but not smaller than 18" by 54", and conforming to 
SMACNA. 


9. Provide doors, hinges and hardware factory fabricated and mounted. 
10. Door swings shall open against air pressure, with door latches operable from 


either side. 
11. Provide door seals with neoprene gaskets, which have an airtight seal. 
12. Provide each door with a 10" by 10" wire reinforced double pane window. 
13. Bolt base channel to 3" high concrete pads. 


2.122.11 DUCTWORK SPECIALTIES 


A. General:  Where specifically called for, materials for use in fabricating ductwork 
specialties shall be identical to that used to fabricate ductwork.  See drawings and 
Part 3, Execution for schedule.  


B. Volume and Splitter Dampers:  Galvanized sheet metal blade and frame with 
Ventfabrics Inc., Ventlok operating hardware.  For accessible dampers, provide #641 
self -locking dial regulators and #644 self-locking dial regulators for insulated 
ductwork, #637 square end bearing, and #635 spring end bearing, as applicable.  
For inaccessible dampers, provide #666 or #677 concealed locking damper regulator 
with bearings as above.  For static pressures above 3" W.G., provide #640 HiVel dial 
regulator and #609 HiVel end bearing for accessible dampers.  Regulators shall 
extend to and through ceiling with neatly installed hardware at the finished ceiling.   
For inaccessible dampers requiring adjustment through diffusers use Young 
Regulator, Bowden cable control system. 


C. Multi-louver Volume Dampers:  16 gauge galvanized steel frame. Opposed, 6" wide, 
16 gauge galvanized steel blades.  Concealed linkage in frame.  Ruskin  
#CD35/OBD or equal. 


D. Flexible Connections:  Provide flexible connectors at the discharge and inlet of fans, 
air handlers, rotating mechanical equipment, and where shown on the Drawings for 
proper vibration isolation.  Neoprene impregnated glass cloth with 24 gauge 
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galvanized metal frame.  Neoprene-only connectors are not allowed.  Minimum 
dimensions - 3" metal, 3" fabric, 3" metal.   Ventfabrics #Ventglas or approved equal 
by Duro Dyne, Q Industries, consolidated Kinetics, Ductmate Proflex or Elgen. 


E. Ducts through roof shall be 16 gauge (or minimum of 2 gauges heavier than 
attaching ductwork), flashed and counterflashed, and provided with storm collars to 
secure a watertight construction. 


F. Bird Screens:  14 gauge, 1/2", galvanized wire mesh, set in a galvanized steel frame, 
screw set. 


2.132.12 DUCT ACCESS PANELS AND DOORS 


A. In sheet metal work, hollow core double construction of same or heavier gauge 
material as duct in which installed.  Use no door smaller than 12" by 12" for simple 
manual access or smaller than 24" by 24" where personnel must pass through 
infrequently.  Use 24" by 60" minimum for filters and more frequent maintenance.  
Use Ventlok or approved hinges and latches on all doors; 100 Series hinges and 
latches on low pressure system doors up to 18 " maximum dimension, 200 Series on 
larger low pressure system doors and 333 Series on high pressure systems.  
Construct doors up to 18 " maximum dimension with one inch overlap fit and gasket 
with ¾" by ⅛" sponge rubber, fit larger doors against 1½" by ⅛" flat stock or angle 
frame and gasket with ¾" by ⅛" sponge rubber or felt.  Door swing to be opposite 
airflow.  CESCO, Pottorff, Vent Products, Air Balance, Ductmate Sandwich or equal. 
 Access doors smaller than 12" x 12" can be used for visual inspection of dampers, 
etc. on small ductwork less than 12" wide but must be of maximum size that will fit 
on duct with 6" x 6" as minimum size.  All access doors smaller than 12" x 12" must 
be approved by Engineer for the specific application prior to ordering. 


2.142.13 CONTROL DAMPERS 


A. General:  Low leakage dampers are to have a maximum leakage rate of 3 cfm/ft
2
 at 


1.0 in w.g. pressure difference when tested to AMCA Standard 500. 


B. Damper Type One:  Airfoil Low Leakage Dampers 
1. Application: Commercial supply, return, and general exhaust air systems up 


to 3,000 fpm velocity. 
2. Frames to be 5" x 1"x 16 gauge steel channel 
3. Blades to be 6" wide, 14 gauge galvanized steel design. 
4. Axles to be 1/2" diameter plated steel. 
5. Bearings to be stainless steel sleeve type pressed into frame. 
6. Linkage to be concealed in frame 
7. Crank lever for operator to be provided. 
8. Provide with mill finish on blades and frame. 
9. Silicone rubber blade seals. 
10. Flexible metal jamb seals. 
11. Maximum temperature rating to be 300°F. 
12.  Edit options as applicable Required Options: 


a. Damper position indicator switch 
13. Manufacturer:  Ruskin #CD60, Swartout, NCA PBD/OPD-AF-101, American 


Warming, Air Balance, Greenheck, Pottorff,  Nailor or approved equal. 


C. Damper Type Two: Airfoil low Leakage for coastal environments. 
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1. Application:  Commercial supply, return, and general exhaust air systems 
where damper will be exposed to damp marine air and where velocity is less 
than 3,000 fpm.  


2. Frame to be 5" x 1" x 0.125 anodized extruded aluminum with silicon side 
seals. 


3. Blades to be 6" wide, 6063-T-5 anodized aluminum at approximately 6" 
centers, opposed blade design. 


4. Seals to be PVC coated polyester on blade edges, suitable for -25°F to 
+180°F.  Jamb seal to be flexible metal compression type. 


5. Bearing to be molded synthetic. 
6. Linkage to be exposed on larger units and concealed on units under 14" 


high. 
7. Stainless Steel hardware 
8. Control shaft to be 1/2" diameter.  Outboard support bearing to be supplied 


with all single section dampers for field mounted operators.  Factory installed 
jackshaft supplied on multiple section dampers. 


9. Unit to meet leakage rate of 5 cfm/sf at 3" W.G. when tested in accordance 
with AMCA Standard 500. 


10. Manufacturer:  TAMCO SW Series, Ruskin, Swartout, NCA, Pottorff,  
American Warming, Air Balance, Greenheck or approved equal. 


D. Damper Type Three: Heavy Duty 
1. Application: Velocity over 3,000 fpm and fan outlet damper. 
2. Frames to be 10" x 2" x 12 gauge steel channel. 
3. Blades to be 7¾" wide, 0.080 thick extruded aluminum airfoil design. 
4. Axles to be 3/4" diameter plated steel. 
5. Bearings to be stainless steel sleeve type pressed into frame. 
6. Linkage to be out of airstream with 10 gauge galvanized steel clevis type 


arms on 7/8" diameter brass trunnions at 3" radius.  Tie bar to be ⅜" 
diameter plated steel. 


7. Crank lever for operator to be provided. 
8. Provide with mill finish on blades and frame. 
9. Maximum temperature rating to be 300°F. 
10.  Edit options as applicable Options: 


a. Silicone rubber blade seals. 
b. Flexible stainless steel jamb seals. 
c. Bearings with integral shaft seals. 
d. Bearings bolted to frame. 
e. Bolt holes in frame. 
f. Special finishes. 
g. Electric or pneumatic operator. 


11. Manufacturer:  Ruskin #CD102, Nailor, Swartout, Pottorff,  American 
Warming, Air Balance, Greenheck or approved equal. 


E. Damper Type Four:  Airfoil Low Leakage Insulated Dampers  
1. Application: Natural Ventilation inlets and outlets. 
2. Frames to be steel or aluminum channel thermally broken with insulation 


within frame channels. 
3. Blades to be 6" wide, insulated (1/2” polystyrene), airfoil shaped, galvanized 


steel double skin construction of 14 gauge equivalent design. 
4. Blade Seals:  Extruded silicone rubber with flexible metal compression type 


jamb mating seal. 
5. Axles to be 1/2" diameter plated steel or stainless steel. 
6. Bearings to be synthetic sleeve type pressed into frame. 
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7. Linkage to be concealed in frame. 
8. Crank lever for operator to be provided. 
9. Provide with mill finish on blades and frame. 
10. Maximum temperature rating to be -40 to 200°F 
11. Damper position indicator switch. 
12. Manufacturer:  Greenheck Model ICD-45, Ruskin #CD40x2, Pottorff,  


TAMCO Series 9000 BF, or approved equal performance insulating damper. 


2.152.14 BACKDRAFT AND RELIEF DAMPERS 


A. Light Duty Counterbalanced Backdraft Damper 
1. Applications:  Low pressure ductwork systems, including outside air intake 


and exhaust locations. 
2. Frame:  Extruded aluminum channel frame with flanges to match ductwork 


requirements. 
3. Blades:  Parallel blades, horizontal orientation, 0.025” (0.6 mm) minimum 


formed aluminum.  Maximum 6” wide blades.  Extruded vinyl blade seals 
mechanically attached to blade edge. 


4. Counterbalance: Adjustable steel weights mechanically attached to blade. 
5. Mounting:  Vertically or horizontally oriented as shown on the drawings. 
6. Sized for maximum velocity of 1,500 fpm (7.6 m/s). 
7. Maximum back pressure of 2.0” w.g. (1.1 kPa). 
8. Maximum Pressure Drop Fully Open: 0.06” w.g. (15 Pa). 
9. Manufacturer:  Ruskin #CBD2, Greenheck #WD Series, or equal. 


B. Heavy Duty Counterbalanced Backdraft Damper 
1. Application:  Medium pressure air ductwork and generator exhaust. 
2. Frame:  Galvanized steel, 16 gage (1.5 mm) wall thickness minimum with 


flanges to match ductwork requirements. 
3. Blades:  Parallel blades, horizontal orientation, 0.05” (1.2 mm) minimum 


formed aluminum.  Maximum 6” wide blades.  Extruded vinyl blade seals 
mechanically attached to blade edge. 


4. Counterbalance: Adjustable steel weights mechanically attached to blade. 
5. Mounting:  Vertically or horizontally oriented as shown on the drawings. 
6. Sized for maximum velocity of 2,500 fpm (12.7 m/s). 
7. Maximum back pressure of 4.5” w.g. (1.1 kPa). 
8. Maximum Pressure Drop Fully Open: 0.20” w.g. (50 Pa). 
9. Manufacturer:  Ruskin #BD6, Greenheck #HB Series, Nailor #1380, or 


equal. 


C. Barometric Relief Damper  
1. Applications:  Gravity hood exhaust, room pressurization control and 


stairwell pressurization relief. 
2. Frame:  Extruded aluminum channel frame, 0.090” (2.3 mm) wall thickness 


minimum with flanges to match ductwork requirements. 
3. Blades:  Parallel blades, horizontal orientation, 0.063” (1.6 mm) minimum 


formed aluminum.  Maximum 6” wide blades.  Extruded vinyl blade seals 
mechanically attached to blade edge. 


4. Counterbalance:  Adjustable on-blade counterweights for tuning of start-to-
open and full open blade operation. 


5. Axle:  3/8” (9.5 mm) galvanized steel rod with roller bearings. 
6. Mounting:  Vertically or horizontally oriented as shown on the drawings. 
7. Sized for maximum velocity of 1,000 fpm (5.1 m/s). 
8. Maximum back pressure of 2.0” w.g. (0.5 kPa). 
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9. Start-Open Pressure: 0.05” w.g. (12.5 Pa). 
10. Manufacturer:  Greenheck #BR-30 for vertical mounting, Greenheck #BD-10 


for horizontal mounting, or equal. 


D. Round Counterbalanced Backdraft Damper 
1. Dampers shall be of the two-blade design with separate axles.  Blades shall 


be retained in closed position with tensioned spring and field adjustable for 
required opening pressure.  Not allowed for installation in dryer exhaust, 
kitchen exhaust or bypass air applications. 


2. Frame: 20 gage (1.0 mm) minimum galvanized steel. 
3. Blade:  0.016” thick (0.40 mm) minimum aluminum. 
4. Blade Seals: Vinyl foam. 
5. Axle: 3/16” (4.8 mm) minimum steel. 
6. Maximum Velocity: 1,000 fpm (7.6 m/s). 
7. Maximum Pressure Drop Fully Open: 0.06” w.g. (125 kPA). 
8. Manufacturer:  Ruskin #BDR2, Greenheck #WDR-53 or equal.  


E. Light Duty Non-Counterbalanced Neoprene Backdraft Damper 
1. Applications:  Low pressure exhaust from small mechanical equipment less 


than 2,500 cfm. 
2. Frame:  16 gage galvanized steel with flanges to match ductwork 


requirements. 
3. Blades:  Neoprene coated fiberglass.  Maximum 6” wide blades. 
4. Mounting:  Vertically or horizontally oriented as shown on the drawings. 
5. Sized for maximum velocity of 1,000 fpm (5.1 m/s). 
6. Manufacturer:  Ruskin #NMW2 or equal. 


2.162.15 LOUVERS 


A. Louvers are generally to be provided under Division 10 or as specified in the 
equipment schedules on the drawings..  Where louvers are not covered on 
architectural plans and specifications, contractor is to provide louvers with the 
following minimum specifications:  
1. Louvers to be 6" deep, 35° drainable fixed blade design, constructed of 


galvanized steel or extruded aluminum, or as specified on the plans. 
2. Frames to be constructed of 6" deep channel, aluminum or galvanized steel. 
3. Provide with 1/2" x 1/2" aluminum mesh birdscreen mounted on backside of 


louver. 
4. Finish/color per architect/engineer's review of manufacturers color chart or 


custom color matching if required. 
5. Manufacturer:  Ruskin #ELF6375DX or equal. 


2.172.16 DIFFUSERS, GRILLES AND REGISTERS 


A. All diffusers, grilles, and registers shall be selected to provide proper air distribution 
for the intended occupant application.  All supply air devices shall be selected to 
provide a maximum air velocity of 50 fpm at three feet above the floor, unless 
otherwise noted.  Manufacturer's representative shall carefully review Architectural 
and Mechanical drawings and ensure diffuser/grille/register selections will provide 
proper air distribution at NC 25 or less.  Manufacturer at no additional expense to the 
Owner shall replace diffusers, grilles, and registers not providing proper distribution 
or excessive noise at scheduled airflow. 
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B. All frames shall be selected to fit the ceiling type.  Verify with Architectural Drawing.  
Each diffuser, grille and register shall be individually capable of balancing via duct 
mounted balancing dampers or attached opposed blade dampers.  Provide unit 
opposed blade damper where individual duct mounted balancing dampers are not 
provided. 


C. Refer to schedule on drawings for sizes, capacities and patterns. 


D. Manufacturers: Titus, Krueger, Price, Metal Aire, Nailor, Anemostat, 
Carnes,Tuttle&Bailey, or equal. 


2.182.17 DUCT SMOKE DETECTORS (DSD) 


A. Duct mounted photoelectric smoke detector.  One required for each heating or 
cooling system supplying air in excess of 2,000 cfm, for systems serving more than 
one occupancy type, and for control of each combination fire/smoke damper when 
not controlled by Div. 26 area wide detection system.  Coordinate with Div 16. work 
and electrical installer for power to smoke detector.  Detector shall be mounted in the 
supply air ductwork downstream of the air handler and filters, or upstream of 
combination dampers.  Coordinate with control installer to assure that detector shall 
shut down the air-moving equipment when smoke is detected and close associated 
damper actuator(s).  Sensor shall be selected to operate with air velocity rating from 
100 to 4000 fpm.  Provide with metal sampling tube.  Provide remote test and reset 
station at ceiling or as otherwise indicated.  Duct smoke detector shall be installed in 
compliance with the applicable mechanical or building code.  Coordinate with Section 
230900 and 230593 work.  System Sensor #D2 series or approved equal. 


B. Additional requirements for duct smoke detectors include requirements per Section 
6.4 of NFPA-90A.  Provide one duct smoke detector at each story to the connection 
to a common supply and/or return and prior to any recirculation or fresh air inlet 
connection in air return systems having a capacity greater than 15,000 cfm and 
serving more than one story. 


2.192.18 FIRE, SMOKE AND COMBINATION FIRE/SMOKE DAMPERS 


A. General: 
1. Provide UL labeled 3 hour rated fire dampers at 3-hour and greater 


penetrations. 
2. Provide UL labeled 1-1/2 hour rated fire dampers at less than 3-hour 


penetrations. 
3. All dampers to be certified under the latest UL Standard.  Certification based 


on former non-current standards is unacceptable. 
4. All damper installations to conform with NFPA 90A and manufacturer's 


installation instructions.  Details on drawings are shown for reference only. 
5. Install in ducts passing through walls, floors, and ceilings as required by 


code.  Refer to Architectural and Mechanical plans for damper locations. 
6. Provide fire, smoke and fire/smoke dampers in locations as required by local 


code and NFPA-60A. 
7. Provide sleeves, slip joints, retaining angles, duct access doors, ceiling 


access panels, etc., as required to check and service the fire dampers.  Slip 
or break away joints are not allowed to be taped or sealed.  Access doors 
shall be tight fitting hinged or sliding and shall have 1" high label reading 
"FIRE DAMPER”, “SMOKE DAMPER”, or “FIRE/SMOKE DAMPER”. 
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8. All dampers to be designed for use in dynamic systems. 
9. Dampers shall be rated for Leakage Class I.  Leakage Class II may be used 


if damper size is smaller than available Leakage Class I dampers. 
10. Dampers shall be certified for use by State and local authorities. 
11. Dampers shall be installed straight and true, level in all planes, and square in 


all dimensions.  Dampers shall move freely without undue stress doe to 
twisting, racking, bowing, or other installation error.  Do not install actuators 
in area where moisture can penetrate actuator or where temperature 


exceeds 120°F. 
12. All fire dampers shall be sized to provide equivalent free area through the 


damper equal to, or greater than, the free area of the connecting ductwork.  
Upsize fire dampers as required to minimize pressure drops.  In no case is 
the damper pressure drops to exceed 0.20” w.g., but ideally less than 0.10” 
w.g. for low velocity dampers, as designed for total system static pressure 
allowance.  Refer to submittal requirements in Part One of this section and 
requirements on the drawings. 


13. Coordinate with "Security Bars" for installation in detention housing and high 
security areas.Radiation Ceiling Fire Dampers: 


1. Bladed ceiling fire damper constructed and tested in conformance with UL-
555C (dynamic rating).   


2. Fire damper shall have a 165°F fusible link. 
3. Installation shall be in accordance with damper manufacturer's instructions. 
4. Provide fire blanket where required to obtain listed fire rating. 
5. Manufacturer:  Ruskin #CFD Series, Greenheck #CRD Series, or equal by 


Pottorff, Cesco, Nailor, or Air Balance. 


C. Dynamic Fire Dampers (FD): 
1. Curtain fire damper constructed and tested in conformance with UL-555C. 
2. Fire damper shall have a 165°F fusible link.  Fire damper shall be equipped 


for vertical penetrations with manufacturer supplied sleeve.  Installation shall 
be in accordance with damper manufacturer's instructions. 


3. Curtain damper shall not be located in air stream during system operation, 
Style B or C.  Clear inside opening through fire damper is to match clear 
inside opening of duct.  Fire dampers in lined ducts are to match size of 
sheet metal duct. 


4. Provide duct and ceiling access panel as required. 
5. Manufacturer:  Ruskin #DIBD Series, Greenheck #DFD Series, or equal by 


Pottorff, Air Balance, Nailor or CESCO. 


D. Combination Fire and Smoke Dampers (FSD): 
1. Required Locations: 


a. Install at ducted penetrations through rated fire barriers, fire walls, 
rated ceilings, rated corridor ceilings, shaft enclosures, and smoke 
barriers and partitions as defined on Architectural drawings and 
Chapter 7 of the Building Code. 


b. Per NFPA-90A install smoke dampers or combination fire/smoke 
dampers in systems with a capacity greater than 15,000 cfm to 
isolate the air handling equipment from the remainder of the system 
on the building supply and return side.  Air handling units located on 
the floor they serve and only serving that floor are exempt.  Air 
handling units located on the roof and serving only the floor 
immediately below the roof shall be exempt. 


2. General Requirements: 
a. Dampers shall be Low Leakage Class 1 in accordance with UL 
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555S. 
b. Dampers shall be provided as a manufactured UL listed device with 


electric actuator.  Actuator shall be attached to sleeve outside of air 
stream. 


c. Temperature Rating:  250°F (121°C) 


d. Mounting: Vertical or horizontal 
e. Frame: 5” wide by 16 gage roll formed, galvanized steel hat-channel, 


minimum. 
f. Sleeve: Minimum 20 gage thickness and minimum 16” long. 
g. Bearings: Stainless steel, permanently lubricated sleeve type. 
h. Each damper shall be equipped with a controlled 15 second electric 


heat-actuated release device.  This device is to be equipped with a 
push-button reset.  No manual fusible links are permitted.  
Installation shall be in accordance with damper manufacturer's 
instructions.  Coordinate power and smoke detector connections 
with electrical installer.  Integral smoke detection and actuating 
devices may be used if listed and approved for such service.  
Comply with building code requirements.  All combination fire and 
smoke dampers shall automatically reset from closed to open 
position upon the reapplication of power to actuators. 


i. Dampers shall be installed straight and true, level in all planes, and 
square in all dimensions.  Dampers shall move freely without undue 
stress due to twisting, racking, bowing, or other installation error. 


j. Electric Actuators:  All gear and housing shall be steel.  The actuator 
shall be direct coupled and employ a steel toothed cold-weld clamp 
for connecting to damper shafts.  Aluminum clamps or set-screw 
attachments are not acceptable.  Actuator shall be UL listed and 
manufactured under ISO 9001 quality control. 
1) Actuator shall carry a manufacturer’s 5-year warranty. 
2) Damper position shall fail closed on lose of power. 
3) Actuator shall have microprocessor based motor controller 


providing electronic cut off at full open so that no noise can 
be generated while holding open.  Holding noise level shall 
be inaudible.  Actuator shall be incapable of burning out if 
stalled before full rotation is reached. 


4) Actuator shall have UL555S Listing by the damper 
manufacturer and be rated for 20,000 cycles minimum.  
Actuator shall draw no more than 0.23A at 120V running, or 
0.1A holding at 120V (27 VA and 10 VA respectively for 24V 
power) for 70 in-lb torque. 


5) Stall and instantaneous type actuators are not acceptable. 
6) Do not install in area where moisture can penetrate damper 


or actuator nor where actuator temperature exceeds 120°F. 
7) Manufacturer: Belimo FSNF120 or FSNF24 actuators equal. 


a) If a Honeywell ML-4115 actuator is submitted as an 
alternate, it must be provided with a time delay relay 
to cause the actuator to reset to drive open mode 
on momentary loss of power for less than 3 
seconds. 


3. Required Options: 
a. Provide open or closed indicator option assembly consisting of a 


single pole and a double throw switch used to indicate damper blade 
position.  Output from switch to position indicator light (LED, 
provided by Division 26) is by automatic temperature control 
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contractor.  Include switch mounting bracket, crank arm, blade 
bracket and linkage from blade to the switch. 


b. Provide a test module to permit test cycling of the damper/actuator 
in the field 


c. Provide integral duct smoke detector or coordinate with Division 26 
for area smoke detection.  Division 26 to provide all wiring.For 
exposed wall applications provide matching wall grille to maintain 
appearance and fire rating. 


e. Temperature limited override: Provide a two temperature electronic 


high temperature limit.  A primary sensor at 165°F can be bypassed 
by an external electrical signal allowing the damper to reopen and 
remain open until the temperature reaches the setting of the 


secondary sensor at 350°F at which point the damper is closed and 
remains closed.  Both sensors are to be equipped with manual 
resets. 


4. Low Velocity Applications (1500 fpm or below): 
a. Maximum Rate Velocity: 1500 fpm. 
b. Style: 3V grooved blades or airfoil-shaped, single piece, double skin 


with mechanically fastened silicone edge seals. 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
0.10” sp w.g. at full air flow. 


d. Pressure rating: 4” w.g. 
e. Manufacturer :  Ruskin #FSD37 or #FSD60 or #FSD60-3, Ruskin 


#FSDR25 or #FSDR60 round style, Greenheck #FSD-211 or #FSD-
231 or #FSD-311 or #FSD-311M, or equal by Pottorff, Cesco or Air 
Balance. 


5. High Velocity Applications (Greater than 1500 fpm): 
a. Maximum Rate Velocity: 4000 fpm. 
b. Style: True airfoil-shaped, extruded aluminum blades with silicone 


edge seals. 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
0.20” sp w.g. at full air flow. 


d. Pressure rating: 4” w.g. 
e. Manufacturer:  Ruskin #FSD60 or #FSD60-3, Greenheck #FSD-211 


or #FSD-231 or #FSD-311 or #FSD-331, or equal by Pottorff, Cesco 
or Air Balance. 


6. Low and Medium Velocity Round Applications (3000 fpm or below): 
a. Maximum Rate Velocity: 3000 fpm. 
b. Style: Two piece 14 gage thickness galvanized steel  with 


mechanically fastened silicone edge seals 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
0.15” sp w.g. at full air flow. 


d. Pressure rating: 4” w.g. 
e. Manufacturer:  Ruskin #FSDR25 or #FSDR60, Greenheck #FSDR-


511, or equal by Pottorff, Cesco or Air Balance. 
7. Corridor Ceiling Application: 


a. Maximum Rate Velocity: 1500 fpm. 
b. Style: 3V grooved blades or airfoil-shaped, single piece, double skin 


with mechanically fastened silicone edge seals. 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
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0.10” sp w.g. at full air flow. 
d. Pressure rating: 4” w.g. 
e. Manufacturer:  Ruskin #FSD60-C, Greenheck #CFSD-211, or equal 


by Pottorff, Cesco or Air Balance. 


E. Smoke Dampers (SD): 
1. Required Locations: 


a. Install at rated smoke barriers and partitions as defined on 
Architectural drawings and Chapter 7 of the Building Code. 


b. Per NFPA-90A install smoke dampers in systems with a capacity 
greater than 15,000 cfm to isolate the air handling equipment from 
the remainder of the system on the building supply and return side.  
Air handling units located on the floor they serve and only serving 
that floor are exempt.  Air handling units located on the roof and 
serving only the floor immediately below the roof shall be exempt. 


2. General Requirements: 
a. Dampers shall be Low Leakage Class 1 in accordance with UL 


555S. 
b. Dampers shall be provided as a manufactured UL listed device with 


electric actuator.  Actuator shall be attached to sleeve outside of air 
stream. 


c. Temperature Rating:  250°F (121°C) 


d. Mounting: Vertical or horizontal 
e. Frame: 5” wide by 16 gage roll formed, galvanized steel hat-channel, 


minimum. 
f. Sleeve: Minimum 20 gage thickness and minimum 12” long. 
g. Bearings: Stainless steel, permanently lubricated sleeve type. 
h. Smoke damper shall be equipped for vertical wall penetrations with 


manufacturer supplied sleeve and fail closed on loss of power.  
Each damper shall be equipped with a controlled 15 second electric 
heat-actuated release device.  This device is to be equipped with a 
push-button reset.  No manual fusible links are permitted. 
Installation shall be in accordance with damper manufacturer's 
instructions.  Coordinate power and smoke detector connections 
with electrical installer.  Integral smoke detection and actuating 
devices may be used if listed and approved for such service. Comply 
with building code requirements.  All combination smoke and fire 
dampers shall automatically reset from closed to open position upon 
the reapplication of power to actuators. 


i. Dampers shall be installed straight and true, level in all planes, and 
square in all dimensions.  Dampers shall move freely without undue 
stress due to twisting, racking, bowing, or other installation error. 


j. Electric Actuators:  All gear and housing shall be steel.  The actuator 
shall be direct coupled and employ a steel toothed cold-weld clamp 
for connecting to damper shafts.  Aluminum clamps or set-screw 
attachments are not acceptable.  Actuator shall be UL listed and 
manufactured under ISO 9001 quality control. 
1) Actuator shall carry a manufacturer’s 5-year warranty. 
2) Actuator shall have microprocessor based motor controller 


providing electronic cut off at full open so that no noise can 
be generated while holding open.  Holding noise level shall 
be inaudible.  Actuator shall be incapable of burning out if 
stalled before full rotation is reached. 


3) Actuator shall have UL555S Listing by the damper 
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manufacturer and be rated for 20,000 cycles minimum.  
Actuator shall draw no more than 0.23A at 120V running, or 
0.1A holding at 120V (27 VA and 10 VA respectively for 24V 
power) for 70 in-lb torque. 


4) Stall and instantaneous type actuators are not acceptable. 
5) Do not install in area where moisture can penetrate damper 


or actuator nor where actuator temperature exceeds 120°F. 
6) Manufacturer: Belimo FSNF120 or FSNF24 actuators equal. 


a) If a Honeywell ML-4115 actuator is submitted as an 
alternate, it must be provided with a time delay relay 
to cause the actuator to reset to drive open mode 
on momentary loss of power for less than 3 
seconds. 


3. Required Options: 
a. Provide open or closed indicator option assembly consisting of a 


single pole and a double throw switch used to indicate damper blade 
position.  Output from switch to position indicator light (LED, 
provided by Division 26) is by automatic temperature control 
contractor.  Include switch mounting bracket, crank arm, blade 
bracket and linkage from blade to the switch. 


b. Provide a test module to permit test cycling of the damper/actuator 
in the field 


c. Provide integral duct smoke detector or coordinate with Division 26 
for area smoke detection.  Division 26 to provide all wiring.For 
exposed wall applications provide matching wall grille to maintain 
appearance and fire rating. 


4. Low Velocity Applications (1500 fpm or below): 
a. Maximum Rate Velocity: 1500 fpm. 
b. Style: 3V grooved blades or airfoil-shaped, single piece, double skin 


with mechanically fastened silicone edge seals. 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
0.10” sp w.g. at full air flow. 


d. Pressure rating: 4” w.g. 
e. Manufacturer:  Ruskin #SD-37, Ruskin #SD-60, Greenheck #SMD-


201, Pottorff #SD-141, Pottorff #SD-151, or equal by Cesco or Air 
Balance. 


5. High Velocity Applications (Greater than 1500 fpm): 
a. Maximum Rate Velocity: 4000 fpm. 
b. Style: True airfoil-shaped, extruded aluminum blades with silicone 


edge seals. 
c. Allowable Pressure Drop: size damper as shown on drawings and 


as required to not exceed maximum allowable pressure drop of 
0.20” sp w.g. at full air flow. 


d. Pressure rating: 4” w.g. 
e. Manufacturer:  Ruskin #SD-50, Greenheck #SMD-401, or equal by 


Pottorff, Cesco or Air Balance. 


2.202.19 SOUND TRAPS 


A. Sound traps shall be I.A.C., Vibro-Acoustics, Aerosonics, United McGill, Pottorff,  
Ruskin, Nailor or approved equivalent.  Sound traps shall be sized for a maximum air 
pressure drop and maximum air velocity as noted on schedule. 
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B. Materials 
1. Outer casings of rectangular silencers shall be made of 22 gauge type #G-


90 lock-former-quality galvanized steel. 
2. Interior partitions for rectangular silencers shall be not less than 26 gauge 


type #G-90 galvanized lock-former-quality perforated steel. 
3. Filler material shall be as indicated on the Schedules and as appropriate for 


the application: 
a. Standard fill:  Filler material shall be inorganic glass fiber of a proper 


density to obtain the specified acoustic performance and be packed 
under not less than 5% compression to eliminate voids due to 
vibration and settling. Material shall be inert, vermin- and moisture-
proof. 


b. Encapsulated fill for hospital or clean room applications:  Filler 
material shall be inorganic glass fiber of a proper density to obtain 
the specified acoustic performance and be packed under not less 
than 5% compression to eliminate voids due to vibration and settling. 
Material shall be inert, vermin- and moisture-proof. Filler material 
shall be totally encapsulated and sealed with polymeric film of an 
appropriate thickness. The encapsulated fill material shall be 
separated from the interior perforated baffles by means of a 
noncombustible, erosion resistant, factory-installed, acoustic stand-
off. It shall not be acceptable to omit the acoustic stand-off and try to 
compensate for its absence by means of corrugated baffles. 


c. Packless sound traps:  No sound absorptive material of any kind is 
to be used in the silencers. The silencers shall attenuate air/gas 
transmitted noise solely by virtue of controlled impedance 
membranes and broadly tuned resonators. 


d. “Green” fill alternate:  Acoustic fill material shall be 100% 
environmentally friendly, and constructed of recycled natural fibers. 
Each fiber shall be treated with an EPA registered fungal inhibitor in 
order to prevent mold, mildew, fungi, and pest protection. The fill 
material must not contain any harmful chemicals, irritants, and/or 
volatile organic compounds (VOCs) in order to prevent off-gassing. 


4. Combustion ratings for the silencer acoustic fill shall be not greater than the 
following when tested to ASTM E 84, NFPA Standard 255, or UL No. 723:  
a. Flame Spread Classification: 25 
b. Smoke Development Rating: 50 


C. Construction 
1. Units shall be constructed in accordance with the ASHRAE Guide 


recommendations for high pressure duct work. Seams shall be lock formed 
and mastic filled. Rectangular casing seams shall be in the corners of the 
silencer shell to provide maximum unit strength and rigidity. Interior partitions 
shall be fabricated from single-piece, margin-perforated sheets and shall 
have die-formed entrance and exit shapes so as to provide the maximum 
aerodynamic efficiency and minimum self-noise characteristics in the sound 
attenuator. Blunt noses or squared off partitions will not be accepted. 


2. Attachment of the interior partitions to the casing shall be by means of an 
interlocking track assembly. Tracks shall be solid galvanized steel and shall 
be welded to the outer casing. Attachment of the interior partitions to the 
tracks shall be such that a minimum of 4 thicknesses of metal exist at this 
location. The track assembly shall stiffen the exterior casing, provide a 
reinforced attachment detail for the interior partitions, and shall maintain a 
uniform airspace width along the length of the silencer for consistent 
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aerodynamic and acoustic performance. Interior partitions shall be 
additionally secured to the outer casing with welded nose clips at both ends 
of the sound attenuator. 


3. Sound attenuating units shall not fail structurally when subjected to a 
differential air pressure of 8 inches water gauge from inside to outside the 
casing. Airtight construction shall be provided by use of a duct sealing 
compound on the jobsite material and labor furnished by the contractor. 


D. Acoustic Performance 
1. All silencer ratings shall be determined in a duct-to-reverberant room test 


facility which provides for airflow in both directions through the test silencer 
in accordance with ASTM Specification E477-99. The test facility shall be 
NVLAP accredited for the ASTM E477-99 test standard. Data from a non-
accredited laboratory will not be acceptable. The test set-up and procedure 
shall be such that all effects due to end reflection, directivity, flanking 
transmission, standing waves, and test chamber sound absorption are 
eliminated. Acoustic ratings shall include Dynamic Insertion Loss (DIL) and 
Self-Noise (SN) Power Levels both for FORWARD FLOW (air and noise in 
same direction) and REVERSE FLOW (air and noise in opposite directions) 
with airflow of at least 2000 fpm entering face velocity. Data for rectangular 
and tubular type silencers shall be presented for tests conducted using 
silencers no smaller than the following cross-sections: 
a. Rectangular, inch: 24x24, 24x30, or 24x36, and 
b. Tubular, inch: 12, 24, 36, and 48 


E. Aerodynamic Performance 
1. Static pressure loss of silencers shall not exceed those listed in the silencer 


schedule as the airflow indicates. Airflow measurements shall be made in 
accordance with ASTM specification E477-99 and applicable portions of 
ASME, AMCA, and ADC airflow test codes. Tests shall be reported on the 
identical units for which acoustic data is presented. 


2.212.20 VARIABLE AIR VOLUME TERMINAL UNITS 


A. Furnish and install variable volume zone boxes of the sizes and capacities shown on 
the Drawings. 


B. The control assemblies shall be pressure independent and shall be able to be reset 
to any airflow between zero and maximum scheduled CFM.  The valves shall be 
normally open.  The differential static pressure of the basic assembly shall not 
exceed 0.25" W.G. for all sizes with inlet velocities of 2,000 FPM or less. 


C. The air valve shall be galvanized steel or die cast aluminum; damper shafts shall 
operate in rustproof Delrin or equal, self-lubricating bearings.  The air valve shall seat 
against durable gaskets and not exceed a 2% leakage rate per ARI standards. 


D. The control device shall be designed to maintain consistent flow measurement 
regardless of inlet flow deflection.  Angled duct inlets, at 90° or less to the control 
device, shall not alter the maximum or minimum factory setting by more than 10%.  
The assembly shall incorporate a multi-point averaging differential pressure sensor 
mounted on the inlet. 


E. The assemblies shall be contained in a welded 26 gauge (minimum) galvanized steel 







SAN DIEGO STATE UNIVERSITY SECTION 233113 
EIS COMPLEX AIR DISTRIBUTION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 233113 - 24 McParlane & Associates, Inc. 


box internally lined with minimum 1” thick insulation complying with NFPA 90A and 
UL 181 standards.  Refer to Section 230700 “HVAC Insulation” for additional 
requirements. 


F. Fabricate and install 5 foot (minimum) acoustically lined sheet metal discharge 
plenum on all air terminal units.  Discharge plenum shall be mounted downstream of 
reheat coils where applicable.  Inside dimension of plenum shall be 2" larger in 
height and 4” larger in width than the outlet of the air terminal unit or reheat coil, 
whichever is greater.  Refer to detail on plans for additional information.  This is 
required for acoustic noise dissipation. 


G. Hot Water Coil:  Where scheduled on drawings, provide a single or double row hot 
water heating coil with aluminum fins mechanically bonded to copper coils.  Coil 
velocity shall not exceed 700 FPM and static pressure loss shall not exceed .35" w.g. 
for a double row coil or 0.20”w.g. for a single row coil.  Coil shall be pressure tested 


to 200 PSIG.  Coil section to be based on 180°EWT and 140°LWT unless otherwise 
noted on schedule and include access door.  Maximum water pressure drop shall be 
limited to 5 feet w.g. unless otherwise noted. 


H. Controls to be direct digital and connected to the BAS. 


I. Provide boxes without operator.  Provide factory mounted low voltage transformer of 
sufficient capacity to power the DDC controls.  Coordinate control with temperature 
Control Contractor.  Provide factory mounted operator and thermostat control if not 
provided by Control Contractor. 


J. Manufacturer:  Titus ESV-3000, Price SDV, Trane VC, Enviro-Tec SSD, Carnes AV, 
Tuttle & Bailey SDV, Nailor 3000, or approved equal by Krueger, or Anemostat. 


2.22 FAN POWERED BOXES 


A. Furnish and install fan powered boxes of the type, sizes and capacities shown on the 
Drawings. 


B. Casing:  22 gauge galvanized steel with rectangular discharge with slip and drive 
type connection.  One piece aluminum backdraft damper provided on fan discharge. 
 Damper factory set and aligned for precise seal.  Leak rate 2% at 0.5 WG. 


C. The control device shall be designed to maintain consistent flow measurement 
regardless of inlet flow deflection.  Angled duct inlets, at 90° or less to the control 
device, shall not alter the maximum or minimum factory setting by more than 10%.  
The assembly shall incorporate a multi-point averaging differential pressure sensor 
mounted on the inlet. 


D. The assemblies shall be contained in a welded 26 gauge (minimum) galvanized steel 
box internally lined with minimum 1” thick insulation complying with NFPA 90A and 
UL 181 standards.  Refer to Section 230700 “HVAC Insulation” for additional 
requirements. 


E. Air Valve:  Galvanized steel or cylindrical die cast aluminum airflow control device.  
Valve tapered to fit standard round flexible duct diameters.  Normally open 
sequencing for reverse acting thermostat.  Leak rate 4% at 2 WG.  Integral flow ring 
taps, calibration chart for flow measurement, ±10% accuracy regardless of inlet 
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condition. 


F. Fan:  Fan style galvanized steel wheel.  Housing is 18 gauge steel and fan board is 
16 gauge steel. 


G. Motor:  Motor is permanent split capacitor type, direct drive, 3 speed.  Motor 


temperature rise design criteria less than 50°C on all speeds.  Optional 115 or 277 
voltage. 


H. Motor to be an Electrically Commutated Motor (ECM) with a minimum efficiency of 
70% throughout the operating range.  Motor speed to be controlled for a constant 
delivery fan cfm regardless of varying external static pressure.  Provide remote 
adjustment option for integration with DDC controls by others. 


I. Fan Controls:  Factory mounted on-off toggle switch, for disconnect and normally 
open P.O. switch to energize fan. 


J. Disconnect Switch:  Provide factory mounted fused disconnect switch with 
interlocking door handle on terminal box door. 


K. Dust Cover:  Integral control panel shall be gasketed for tight seal. 


L. Hot Water Coil:  Where scheduled on drawings, provide a single or double row hot 
water heating coil with aluminum fins mechanically bonded to copper coils.  Coil 
velocity shall not exceed 700 FPM and static pressure loss shall not exceed .35" 
W.G. for a double row coil or 0.20 for a single row coil.  Coil shall be pressure tested 
to 200 PSIG. 


M. Manufacturer:  Trane VFWC, Titus, Price FDV, FDVLP, FDC, FDCLP, Carnes, 
Enviro-Tec, Nailor 35P (parallel boxes), 35SST (Series) or approved equal by 
Krueger, or Anemostat. 


2.23 STEAM HUMIDIFIERS (H’S) 


A. Steam separator type that discharges steam into the air stream through a steam 
jacketed distribution manifold or dispersion tube.  Humidifiers shall be complete with 
Y-type steam supply strainer, normally closed modulating steam control valve; 
normally closed condensate temperature switch; and inverted bucket steam trap.  
Control valve actuator to be 24 VAC powered with 0-10 VDC modulating input signal 
compatible with the control system as provided by Section 230900. 


B. Steam Separator: Stainless steel or cast iron. 


C. Distribution Manifold:  Stainless steel, composed of dispersion pipe and surrounding 
system jacket, manifold shall span the width of duct and shall be multiple manifold 
type designed for full steam absorption within 2 feet. 


D. Manufacturer:  Armstrong, Spirax Sarco, Dristeem and Neptronic. 


PART 3 - EXECUTION 


3.1 DUCTWORK MATERIAL APPLICATION SCHEDULE 
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A. Fabricate ducts with galvanized sheet steel, except as otherwise indicated and as 
follows: 
1. Humidifier ductwork:  Ductwork for humidifiers shall be constructed of 20 


gauge stainless steel ductwork with longitudinal seam at top of horizontal 
runs and all joints sealed watertight.  Duct length shall be as required by 
humidifier manufacturer, or as shown on drawings whichever is greater, to 
allow for full absorption of water vapor.  This portion of duct shall include an 
integral drain pan and drain line connection. 


2. Environmental exhaust ductwork serving domestic clothes dryers shall be 
constructed of metal and shall have smooth interior surface.  Provide 
backdraft damper at discharge to atmosphere. 


3. All duct system appurtenances are to be the same material as ductwork 
including volume dampers and access panels. 


4. Underground Ducts: 
a. For ductwork 24” diameter or smaller: Concrete-encased: 


[galvanized sheet steel] [PVC-coated, galvanized sheet steel with 
thicker coating on duct exterior] [stainless steel]. 


b. Fiberglass reinforced plastic (FRP) 
c. Blue Duct (HDPE) with clamping system. 


5. Non-toxic and non-hazardous wet vapor exhaust: 
a. Material: Type 316L stainless steel, minimum 24 gage spiral or 


sheet metal ductwork. Type 316 stainless steel fittings. 
b. Joints: welded, or swaged lap-joint with silicon caulk and stainless 


steel sheet metal screws. 
c. All accessories shall be stainless steel including dampers, damper 


hardware and turning vanes. 
6. Chemical fume hood and hazardous/corrosive exhaust: 


a. Material: Type 316L stainless steel, minimum 18 gage fully welded 
ductwork and fittings. 


b. Joints: TIG welded. Weld may be either butt-weld or swaged joint 
with lap weld with lap running in direction of airflow. Welding rod 
shall be type 316L material. MIG welding technique not allowed. 
Inert gas purging inside ductwork not required. 


c. All accessories shall be 316 stainless steel including dampers, air 
valves, damper hardware, etc.. 


d. Pressure testing: refer to pressure classification and testing 
procedure table this specification section. 


7. Magnetically or Electrically sensitive rooms including MRIs: 
a. All ductwork, fittings, grilles/diffuser, etc, shall be constructed of 


aluminum in and around magnetically/electrically sensitive rooms.  
Refer to all construction documents for location of these critical 
rooms. 


3.2 DUCTWORK AND SPECIALTIES INSTALLATION 


A. Ductwork is generally diagrammatically indicated and shall be generally installed as 
indicated.  Do not scale Drawings for exact location of ducts.  Install ducts to best 
suit field conditions and cooperate with other trades.  Do not penetrate Structural 
members without consent of Architect or Structural Engineer.  Check with Structural 
drawings prior to locating any penetrations.  Duct sizes are indicated as net inside 
dimensions on the Drawings.  The indicated dimensions shall be altered at the job 
site for the purpose of avoiding interferences and clearance difficulties to other 
dimensions producing the same air handling characteristics, provided such altered 
dimensions are approved by the Architect.  Ducts shall be constructed in accordance 
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with the latest edition of codes and standards identified in Part 1 and as shown on 
the Drawings. 
1. Clean and pretreat surfaces before application of sealant.  Conform to the 


manufacturer's cleaning procedures.  Install sealants in conformance with 
manufacturer's instructions. 


2. Except where noted, vertical ducts or horizontal ductwork penetrating fire 
rated ceilings, roofs, walls and floors shall be fire separated with UL listed 
and labeled fire dampers installed per UL tested assembly including sleeves 
and retaining angles.  Provide additional fire dampers indicated on the 
Drawings and as otherwise required by the IBC and building inspector.  
Provide approved firestopping between damper frames and firewalls.  Install 
fire dampers in accordance with NFPA Standards, requirements of the State 
Fire Marshal, and applicable codes.  Ensure that fire dampers are installed 
in the open position. 


3. For penetration of fire rated partitions which meet the IBC Chapter Seven 
requirements of non-Group H occupancy penetration of tenant separation 
and corridor walls in buildings with fire sprinklers provide metal sleeves as 
follows:  A minimum 12 inch-long (0.30 m) by 0.060 inch thick (1.52 mm) 
steel sleeve shall be centered in each duct opening.  The sleeve shall be 
secured to both sides of the wall and all four sides of the sleeve with 
minimum 1-1/2" by 1-1/2” by 0.060 inch steel retaining angles.  The retaining 
angles shall be secured to the sleeve and the wall with No. 10 screws.  The 
annular space between the steel sleeve and wall opening shall be filled with 


rock wool batting on all sidesFire caulking per as required per 


manufacturer instructions. 
4. Grilles, Registers and Diffusers:  Install flush, squared, tightly sealed, and 


entirely covering sheet metal ductwork and gaskets.  Thread sheet metal 
mounting screws tightly into sheet metal.  All frames shall be selected to fit 
the ceiling type.  Verify with Architectural Drawing.  Each diffuser, grille and 
register shall be individually capable of balancing via duct mounted 
balancing dampers or attached opposed blade dampers.  Provide unit 
opposed blade damper only where individual duct mounted balancing 
dampers are specifically noted as not provided.  Duct connections shall fit 
securely to necks or collars behind face area.  Provide all necessary 
transition pieces and duct collars to make connections from ductwork to 
neck sizes.  Where ducts connect directly to necks or collars provide a 
minimum straight duct section of two times the duct diameter to the last 
elbow.  Where minimum straight duct sections are not physically possible 
provide sheet metal plenum sized for approximately 500 fpm air velocity with 
duct tapped directly to side of plenum.  Where building walls, floors and 
ceilings form portions of duct or plenum, provide gasketed angles or 
channels at junction points, securely bolted and sealed to building structure. 


5. Install turning vanes in all mitered elbows in all ducts, so that tips are parallel 
with the sides of the ducts.  Vanes shall be single thickness type.  Tips of 
acoustical turning vanes on outside radius shall be flush with acoustical 
lining. 


6. Provide flexible connections to completely isolate fans from direct contact 
with all sheet metal work. 


7. Provide access panels or doors, as required, for access to valves, 
controllers, fire dampers and humidifier dispersion tubes. Access doors 
required in Product Conveying Vapor/Moisture Ductwork (see applicable 
paragraph above) shall not be installed in the bottom of the duct or in a 
manner to allow leaks. 


8. Volume Dampers: Provide manual volume dampers in all low pressure 
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supply, return and exhaust branch ductwork to grilles, diffusers, inlet and 
outlet openings to facilitate balancing of systems.  These are to be provided 
as part of contract whether shown on plans or not.  Where ceilings are not 
accessible, provide access door or remote damper operator. 


9. Splitters and splitter dampers shall not be installed in medium or low 
pressure supply ductwork to VAV systems. 


B. Hangers and Supports:  Securely fasten all ductwork to the building construction by 
means of hangers, supports, guides, anchors, and sway braces to maintain duct 
alignment, to prevent sagging, and to prevent noise and excessive strain on 
ductwork due to movement under operating conditions. 
1. Maximum spacing between hangers shall not exceed eight (8) feet. 
2. Adequately mount and anchor all material and equipment as required.  


Include lateral bracing as required to prevent horizontal, seismic movement. 
 Refer to IBC and architectural Drawings for seismic requirements. 


3. Do not support ductwork from fans or any other pieces of equipment. 
4. Powder driver fasteners shall not be used to support rectangular ducts of 40" 


maximum dimension.  Powder driven fasteners shall not be allowed in 
existing facilities where electronic equipment is located. 


5. Support round duct, 30" and larger, with two hangers at each support point. 
6. Hangers and supports shall conform to SMACNA section "Hangers and 


Supports".  Nail inserts, hangers and supports to formwork before slabs are 
poured.  Cut off or remove nails, strap-ends and other projections, flush with 
concrete after forms are removed. 


7. Support vertical ducts, passing through floors with two continuous angles 
screwed to the duct and bearing to the floor and conforming to SMACNA 
section "Riser Support-From Floor".  Blocking or shimming ducts will not be 
permitted. 


C. Other: 
1. Fans:  Align fans, motors, and drives.  Install fans to render bearings 


accessible for lubrication without dismantling fans or ducts.  Provide 
extended bearing oilers as required.  Mount all fans on vibration isolators as 
specified. 


2. Insulation:  Properly and neatly apply insulation on all material and 
equipment and apparatus, as specified, including all fittings.  Apply insulation 
over clean, dry surfaces, with adjoining sections firmly butted together and 
canvas smoothly pasted over.  When vapor barriers are specified, install 
continuous overall external surfaces of the entire system. 


3. Duct Sizing: Where duct sizes are not specifically shown on the plans or 
must be modified due to physical limitations, supply ducts may be sized at a 
maximum velocity of 1,500 fpm or 0.08" sp friction per 100 feet, whichever 
provides the larger duct, and return/exhaust/intake ducts may be sized at a 
maximum velocity of 1,000 fpm or 0.06" sp friction per 100 feet, whichever 
provides the larger duct. 


4. Humidifiers:  Humidifier installation shall be approved by manufacturer and 
coordinated with all other systems.  Condensate piping shall include p-traps 
as recommended by the humidifier manufacturer.  Insulate exposed piping 
as required by the code 


5. Access Floor Diffusers:  The mounting ring for floor mounted diffusers are to 
be affixed to the floor tiles using a clamp insert or other method approved for 
use with the floor diffuser. 


3.3 FLEXIBLE DUCTWORK INSTALLATION 
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A. Flexible insulated round ductwork may be utilized where shown on the Drawings and 
at the last seven (7’) feet to each air outlet and inlet, unless shown otherwise on the 
plans. 


B. Maximum of only one 90° bend in any length.  Elbows in flex ductwork are to be 
supported using Flexmaster Flexright elbow support, or equal.  No intermediate 
joints are allowed.  Seal each end using 2 wraps of tape listed in accordance with UL 
181B and marked 181B-FX, followed by a mechanical stainless steel screw operated 
drawband.  Support duct to maintain smooth shape without sagging.  All connections 
shall utilize welded conical tees, aluminum conical fitting, Flexmaster #CBD, or 45° 
boot take-offs by Flexmaster #STO.  Spin-in type or other types of butt tees, bullhead 
tees or straight taps are not permitted.  Dampers regulators shall include end 
bearings as manufactured by DuraDyne, Ventlok or equal. 


3.4 STAINLESS STEEL DUCTWORK  


A. For installations serving moisture, vapor, or fume exhaust. 
1. For connections to hoods or equipment provide minimum 12” length flanged 


and bolted stainless steel spool piece connection. 
2. All fittings shall be long radius. Round elbows shall be minimum 5 gore. 
3. Slope horizontal ductwork back toward source connected equipment 


minimum 1% slope so that moisture and liquids may drain back toward 
equipment. 


4. Low point “traps” in the ductwork shall be fitted with a low point drain valve, 
1/2” welded connection, stainless steel piping and valve. 


5. All welding to be completed by certified welders experienced in 316 grade 
stainless. 


3.5 CONSTRUCTION AND SEALING CRITERIA 


A. Unless called out otherwise on drawings the pressure classification of ductwork shall 
be as follows: 


Duct system: Location 
Working 


Pressure 


Build to 


SMACNA 


Pressure 


Class 


Build to SMACNA 


Seal Class: 


Outdoor air 
intake 


From ambient intake 
to AHU 


-1” wc -2” wc B 


Med press 
Supply Air  


From AHU to air 
terminal units 


+6” wc +10” wc A 


Low press 
Supply Air  


Downstream of air 
terminal units to 
grilles, registers or 
diffusers. 


Low pressure +1” wc B 


Med. Press 
Return air 


From air terminal 
units to AHU 


-2” wc -3” wc B 


Med. Press 
Return air 


From air terminal 
units to AHU 


-1” wc -2” wc B 


Low press 
Return air 


From return grilles to 
AHU 


Low pressure -1” wc B 
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Duct system: Location 
Working 


Pressure 


Build to 


SMACNA 


Pressure 


Class 


Build to SMACNA 


Seal Class: 


Transfer air 
From grille to grille, or 
acoustic boots or “z” 
bends 


Low pressure +0.5” wc C 


Relief air 
From AHU to 
discharge at ambient 


+1” wc +2” wc B 


General 
exhaust 


From grille to exhaust 
fan 


-1” wc -2” wc B 


General 
exhaust 


From exhaust fan to 
discharge at ambient  


+1” wc +2” wc B 


General Lab 
exhaust 


Branches from grilles 
to air valve and mains 
to exhaust fan 


-2” wc -3” wc 
A, or welded. Refer 
to specification 


Chemical 
fume hood 
and biosafety 
cabinet 
exhaust 


From Hood to exhaust 
fan 


-2” wc -3” wc 
A, or welded. Refer 
to specification 


B. The default leakage classification of ductwork is as follows: 


Duct working press. 


class: 


Low pressure less 


than +/-0.5”wc 
+/-0.5” to +/-2.99” +/-3” to +/-10” wc 


SMACNA Seal Class C B A 


Sealing Applicable 
Transverse joints 
only 


Transverse and 
longitudinal Joints 


Joints, seams, and all 
wall penetrations 


Rectangular sheet 
metal SMACNA 
Leakage Class 


24 12 6 


Round sheet metal 
SMACNA Leakage 
Class 


12 6 3 


3.6 MANDATORY DUCTWORK TESTING 


A. Ductwork leakage testing may be required to meet local energy code requirements.  
Refer to local codes for applicability. 


B. All California duct systems shall be sealed to a leakage rate not to exceed 6% of the 
fan flow if the duct systems are: 
1. Connected to a constant volume, single zone system, air conditioners, heat 


pumps or furnaces, and 
2. Serve less than 5,000 square feet of floor area, and 
3. Have more than 25% duct surface area located in one or more of the 


following places: 
a. Outdoors, or 
b. In a space directly under a floor where the U-factor of the roof is 







SAN DIEGO STATE UNIVERSITY SECTION 233113 
EIS COMPLEX AIR DISTRIBUTION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 233113 - 31 McParlane & Associates, Inc. 


greater than the U-factor of the ceiling, or 
c. In a space directly under a roof with fixed vents or openings to the 


outside or unconditioned spaces, or 
d. In an unconditioned crawlspace, or 
e. In other unconditioned spaces. 


4. The leakage rate shall be confirmed through field verification and diagnostic 
testing in accordance with procedures defined by Oriflow Air Leakage Test, 
or equivalent procedure. 


3.7 DUCT SEALING ALTERNATIVE 


A. Occasionally a ducted system will experience leaks after the ductwork has been 
installed and sealed per one of the SMACNA duct sealant classifications.  These 
leaks may not be identifiable until after ductwork has been installed and system air 
balancing and leakage testing has been engaged.  At the contractor’s option an 
alternative solution to sealing such leaks may include the use of a water based 
sealing agent that is introduced to the interior of the duct system. 
1. Manufacturer: Aeroseal LLC or approved equal.  Application must be 


performed by manufacturer approved provider. 


2.1. Sealant must be UL 723 approved for smoke and flame spread. 


3.2. Sealant must be UP 181 approved for humidity, mold growth, temperature, 
erosion and puncture resistance. 


B. Duct Sealing Procedure: 
1. Preparation: 


a. Inspect the entire duct shaft and horizontal plenums for major 
leakage sites (larger than 1/2” across). 


b. Mechanically clean duct shaft per NADCA standards if more than 
1/8” of surface contaminants are visible on duct surfaces. 


c. Repair all major leakage sites using mastic and fiberglass mesh 
tape per SMACNA standards. 


d. Temporarily remove or protect all building controls and smoke 
detectors from aerosol particles as recommended by the 
Manufacturer. 


e. Temporarily disable fire alarms and notify appropriate authorities. 
f. Temporarily isolate air-moving equipment and block off air inlets and 


air outlets as recommended by the manufacturer. 
g. Protect occupied spaces from aerosol particles as recommended by 


the Manufacturer. 
h. Protect air-moving equipment, air inlets and outlets and other 


devices and appurtenances as recommended by the manufacturers. 
2. Duct Sealing: 


a. Seal existing ductwork from the inside using automated aerosolized 
sealant injection as recommended by manufacturer or by manually 
caulking internally with sealant. 


b. Sealant must cure within 2 hours with no odor or VOC off-gasing 
thereafter. 


c. Sealant shall remain elastic (not harden rigidly) after curing. 
d. Sealant shall be deposited substantially at areas of leakage only, 


and shall not coat interior duct walls, duct lining material, dampers, 
or turning vanes. 


e. Seal all test holes using patching plates sealed with mastic. 
f. Repair or replace insulation to match existing. 
g. Seal all injection openings with duct access doors or replace 
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ductwork to match existing. 
3. Duct Reassembly and Cleanup 


a. Reinstall building controls and smoke detectors. 
b. Enable fire alarms and notify appropriate authorities. 
c. Remove blocking, reinstall grills and registers, and enable air 


handling fans. 
d. Cleanup sealant residue that may have adhered to surfaces in 


occupied areas as recommended by the Manufacturer. 
e. All work shall be done in a substantial and workmanlike manner by 


factory-trained technicians. 
4. Testing 


a. Provide pre-sealing and post-sealing leakage profile reports 
indicating percentage reduction of duct leakage for both supply and 
return ductwork. 


b. Retest ductwork and document compliance with air leakage 
requirements as identified in section 230593 Testing, Adjusting and 
Balancing. 


5. Warranty 
a. The Contractor shall warrant that the aerosol sealant application will 


be free from defects for a period of 3 years from date of the sealing 
application.  If defects should occur during this period, the 
Contractor shall repair or replace the defective duct seals, including 
the direct labor costs for performing the repair or replacement, at no 
additional cost to the Owner. 


3.8 FIBERGLASS DUCTWORK INSTALLATION 


A. Ductwork fabrication and installation to be inspected by a Qualified Fabricator 
certified by the material manufacturer 


3.9 FIRE AND COMBINATION FIRE/SMOKE DAMPER INSTALLATION 


A. Install per manufacturer’s and UL installation requirements. 


B. Interlock operation of all fire/smoke dampers to close dampers when the fans 
associated with the dampers are shut down.  This also includes dampers in transfer 
ducts associated with system fans. 


C. For buildings with no fire alarm system all fire/smoke dampers shall be 
interconnected with the HVAC units controls and duct smoke detectors.  The 
detection of smoke at any fire/smoke damper shall stop for HVAC unit fans and 
close all fire/smoke dampers.  A single test/reset station shall be capable or resetting 
all devices back to normal operation. 


3.10 CONTROL DAMPER INSTALLATION 


A. Note that installation of control dampers is a part of the mechanical contractor’s work 
regardless of whether they are specified in this section or as part of products to be 
selected by the Control Contractor. 


B. When electric actuators are provided, dampers shall be installed to allow direct over 
the shaft mounting of actuators.  No connecting rods and stand off brackets shall be 
necessary. 
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C. Dampers shall be installed straight and true, level in all planes, and square in all 
dimensions.  Dampers shall move freely without undue stress due to twisting, 
racking (parallellogramming), bowing, or other installation error. 


D. Blades shall close completely.  Leakage shall not exceed manufacturer’s 
specifications at rated static. 


E. Structural support shall be provided as necessary for all multi-section dampers. 


F. Where blankoffs or structural supports obstruct duct or air passages, the decrease in 
free area shall not exceed 15% of the damper face area unless otherwise specified 
here or on plans. 


G. No individual damper section may exceed 20 sq. ft. 


H. Dampers shall be parallel blades style for outside air economizer to facilitate 
improved mixing of outside air and return air.  Airflows shall be directed towards 
each other. 


3.11 SEISMIC REQUIREMENTS 


A. See Section 230549 for specific requirements. 


B. All HVAC equipment and machinery shall be anchored to withstand forces generated 
by earthquake motions.  As a minimum, equipment and equipment frames shall be 
designed to withstand a force of 100% of the weight of the equipment and frame 
acting at its center of gravity.  Anchorage of the equipment and/or frame to the 
structure shall be for a force of four times gravity also acting at the center of gravity. 


C. The seismic calculations shall be the responsibility of contractor. 


3.12 EQUIPMENT 


A. Install equipment as shown on plans and in accordance with manufacturer's 
installation recommendations. 


3.13 SUPPLY DIFFUSER AND REGISTER LOCATIONS 


A. Coordinate location of supply outlets with ceiling mounted smoke detectors.  Locate 
outlets or outlet distribution so as to prevent airflow from inhibiting the operation of 
smoke detectors.  Locate ceiling outlets a minimum of 3'-0" from smoke detectors. 


3.14 PAINTING 


A. Where the interior surfaces of ductwork are visible through the blades of supply 
outlets, return inlets, and exhaust inlets - paint the interior visible surfaces with one 
coat of flat black paint. 


3.15 FIELD QUALITY CONTROL 


A. Do not insulate or conceal ductwork before inspection by Owner's Representative, 
Architect or Engineer.  If ductwork is insulated and concealed prior this inspection the 
Contractor shall remove insulation and ceiling to permit inspection at no additional 
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cost to the Owner.  The Contractor shall replace the insulation and ceiling after final 
inspection at no additional cost to the Owner. 


B. Ductwork Deflection Criteria: 
1. Maximum inward and/or outward deflection at sheet metal panels shall be 


3/4" under maximum static pressure operating conditions.  Additional 
intermediate stiffening angles shall be installed where deflections exceed 
3/4". 


2. Maximum inward and/or outward deflection at sheet metal elbows and joints 
shall be 1/4" under maximum static pressure operating conditions.  
Additional stiffening angles shall be installed where deflections exceed 1/4". 


C. Acceptance of duct systems shall be contingent upon conformance with the 
requirements specified in Section 230593 "Testing, Adjusting and Balancing". 


3.16 ADJUSTING AND CLEANING 


A. Clean the inside of plenums, casings, enclosures, fans, and accessible ductwork 
before starting fans.  Blowout coils and condensate piping with compressed air.  
Install a clean set of filters in each system prior to testing and balancing.  Proceed 
with testing and balancing.  All dampers shall be locked in place. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this Section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing 

		C. Section 230700:  Mechanical Insulation

		D. Section 230900:  Controls and Instrumentation

		E. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Codes and Standards: Provide products conforming to the requirements of the following:

		B. Conform to NFPA 90A "Standards for the Installation of Air Conditioning and Ventilating Systems".

		C. Provide and construct ductwork systems in conformance with the latest editions of the following documents:

		D. Alternatives:  The SMACNA standards and publications referenced in this Section of the specifications establish ductwork construction requirements.

		E. All ductwork and equipment shall be seismically supported and braced per the SMACNA “Seismic Restraint Manual: Guidelines for Mechanical Systems”.

		F. Flame/Smoke Rating:  All materials, including sealants and adhesives, exposed within plenum shall have a flame-spread index of 25 or less, and smoke developed index of 50 or less, as tested by ASTM E84 (NFPA 255) method.



		1.5 SUBMITTALS

		A. Prior to construction, submit for approval on all materials and equipment:

		B. Shop Drawings:  Provide shop drawings of sheet metal ductwork and plenums as follows:

		C. Shop Drawings: Provide shop drawings for field erected mechanical equipment:

		A. Certifications:  Provide a duct schedule, certified by an officer of the sheet metal fabrication subcontractor, that the ductwork conforms to SMACNA standards, and for each sheet metal system furnished on the project include:

		D. Construction IAQ Management Plan:  Collaborate with the general contractor to submit and implement an IAQ Management Plan for the construction process meeting the requirements of the SMACNA IAQ Guidelines.  This plan should address the protection of the ventilation system components during construction and cleanup of contaminated components after construction is complete.  SMACNA IAQ Guideline recommends control measures in five areas.  The IAQ Management Plan should address how compliance has been achieved in these required five areas as follows:

		E. Field Manual:  Submit one copy of the SMACNA "HVAC Duct Construction Standards - Metal and Flexible".  Maintain a second copy on the project site.

		F. Any ductwork installed without prior approval by the specifier, shall be replaced at the expense of the contractor.

		G. The contractor must comply with the enclosed specification in its entirety.  If on inspections, the specifier finds changes have been made without prior approval, the contractor will make the applicable changes to comply with this specification, at the contractor’s expense.

		H. At the discretion of the specifier, sheet metal gauges, and reinforcing may be checked at various times to verify all duct construction is in compliance.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged components. Remove damaged products from project site.





		PART 2 - PRODUCTS

		2.1 DUCTWORK

		A. Construct all ducts and plenum of gauges, and with joints, bracing, reinforcing, and other construction details in accordance with the latest construction standards previously listed.  Metals shall be manufactured by United States Steel, Kaiser, Rolok or equal.

		B. Duct dimensions indicated on drawings are net, inside, clear dimensions.  For internally lined ducts, add lining thickness to determine metal duct dimensions.

		C. Ducts shall be constructed of material gauges and reinforcement per SMACNA pressurization classifications to meet 150% of the pressureSMACNA requirements for external static pressure scheduled on drawings for the fans serving each system.  Where differences exist between SMACNA and the prevailing building code, the gauge or construction method of the submitted ductwork shall be the more stringent of the two standards.  Refer to Part III - Execution for matrix of pressure and leakage requirements.



		2.2 SHEET METAL MATERIALS

		A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

		B. Galvanized Sheet Steel:  Comply with ASTM A653/A653M.

		C. PVC-Coated, Galvanized Sheet Steel:  Comply with ASTM A653/A653M.

		D. Carbon-Steel Sheets:  Comply with ASTM A1008/A1008M, with oiled, matte finish for exposed ducts.

		E. Stainless-Steel Sheets (for laboratory and hazardous material exhaust ductwork):  Comply with ASTM A480/A480M, Type 304 or 316, as indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet.  Exposed surface finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" Article.

		F. Aluminum Sheets:  Comply with ASTM B209 (ASTM B209M) Alloy 3003, H14 temper; with mill finish for concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.

		G. Reinforcement Shapes and Plates:  ASTM A36/A36M, steel plates, shapes, and bars; black and galvanized.  Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

		H. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).



		2.3 DUCTWORK FABRICATION

		A. Joints – Sealing

		B. Joints - Rectangular Ducts

		C. Joints - Round

		D. Elbows

		E. Transitions

		F. Branch Connections



		2.4 RECTANGULAR DUCTWORK

		A. Construct rectangular ductwork to meet all functional criteria defined in Section VII, of the SMACNA “HVAC Duct Construction Standards Metal and Flexible” 1995 Edition.  This shall be subsequently referred to as the SMACNA Manual.  All ductwork must comply with all local, code requirements.  Ductwork shall be constructed of galvanized steel.  Diagonally cross break all panels on ducts 30 inches wide and larger, or bead using automatic bead machine with beads at 12 inches on center or less.  All connections shall utilize 45° boot take-offs.  Bullhead tees and straight taps are not permitted.  



		2.5 ROUND AND OVAL DUCTWORK

		A. Round and oval ductwork shall be constructed to SMACNA round ductwork requirements of galvanized sheet steel.  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible", Chapter 3, "Round, Oval, and Flexible Duct", based on indicated static-pressure class unless otherwise indicated.  Longitudinal seams shall be spiral lock seams or continuous welded.  Flat oval shall be utilized in space-restricted areas.  Elbows shall be 5-piece mitered and welded.  All elbows shall be long radius type with centerline radius to duct diameter of 1.5, exceptions will only be allowed at restricted space locations.  

		B. Round or oval duct and fitting manufacturers:

		C. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension).

		D. Transverse Joints:  Fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible", Figure 3-1, "Round Duct Transverse Joints", for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."  All transverse joints to be externally sealed at all joints.

		E. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible", Figure 3-2, "Round Duct Longitudinal Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible.”  All longitudinal joints shall be sealed air tight with sealant or continuous welding.

		F. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible”, Figure 3-5, "45 Degree Tees and Laterals”, and Figure 3-6, "Conical Tees” and “45 Degree Boot Tees" for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible.”



		2.6 FLEXIBLE DUCTWORK

		A. Flexible one-inch thick insulated round ductwork may be utilized where shown on the Drawings and at the last seven (7’) feet to each air outlet and inlet, unless shown otherwise on the plans.

		B. See Part III Execution for installation requirements. All connections shall utilize welded conical tees, aluminum conical fitting, Flexmaster #CBD, or 45° boot take-offs by Flexmaster #STO.  Spin-in type or other types of butt tees, bullhead tees or straight taps are not permitted.  Dampers regulators shall include end bearings as manufactured by DuraDyne, Ventlok or equal.

		C. Flexible ductwork for low pressure systems with positive static pressure at or below 2” w.g. positive pressure shall be a trilaminate of aluminized foil, fiberglass insulation, and aluminized polyester, mechanically locked to galvanized steel helix without adhesives, exterior 1” fiberglass insulation and fire retardant plastic outer jacket.  Flexmaster #Type 5B, Thermaflex Model M-KE, Atco #031 Polymer Inner or approved equal.

		D. Flexible ductwork for medium and high pressure systems with static pressures above 2” w.g. through 10” w.g. positive pressure shall be a heavy coated fiberglass cloth fabric mechanically locked to galvanized steel helix without adhesives, exterior 1” fiberglass insulation and fire retardant plastic outer jacket.  Flexmaster #Type 4B, Thermaflex Model M-KC or approved equal.

		E. Flexible aluminum ductwork for use in magnetic/electrically sensitive room environments, such as MRI rooms, in low pressure systems with static pressure at or below 2” w.g. positive pressure shall be a trilaminate of aluminized foil with aluminum helix with exterior 1” aluminum jacket fiberglass insulation.  Flexmaster #TL-B or approved equal.



		1.1 FIBERGLASS DUCTBOARD

		A. Fiberglass ductboard may be utilized in the following instances and where indicated on plans:

		A. Ductboard shall be 1" thick finished with a factory-applied thermosetting acrylic polymer coating to the air stream side resistant to potential dust incursion into the material substrate, containing an immobilized EPA-approved anti-microbial agent to further inhibit potential microbial growth as indicated by ASTM G-21 and G-22 test data and resistant to fiber shed and damage during duct cleaning operations.

		A. Duct materials shall be Schuller #475 Duct board or equal.  Round to be Schuller Super Round or equal.

		A. Reinforce as necessary to assure no collapse of ducts under positive or negative pressures up to 1.0" W.G. of static pressure.  Seaming shall be provided using Schuller Therm-Lock PFR heat activated tape.  Application shall be applied with iron in accordance with manufacturer's instructions.  All Therm-Lock PFR joints shall be factory assembled by an approved shop.  Field joints shall be Ductmate or equal, flanged joints.  Support ductwork with ¾" wide galvanized sheet metal straps at intervals recommended by manufacturer.  Protect duct wall against abrasion from support straps.  Support at all fittings and each change in direction.



		2.7 FRP & HDPE DUCTWORK FOR UNDERGROUND APPLICATION

		A. Code Compliance:  All duct and fittings shall be designed and constructed to meet the applicable requirements of the mechanical codes for direct burial application.  These requirements include:

		B. Underground ductwork, including fittings, shall be constructed of fiberglass reinforced plastic as manufactured by Spunstrand Inc or HPDE manufactured by Blue Duct All ductwork and fittings shall include labels certifying this and shall be installed in strict accordance with the manufacturer’s instructions.

		C. Joints - Field joints are to be watertight by using an internal aluminum sheet metal sleeve secured with sheet metal screws.  The joints shall then be of the wet lay-up type in strict accordance with the manufacturer’s instructions.  This includes thoroughly cleaning and sanding areas to be joined and using polyester resin and fiberglass mat.  See wet lay-up joint instructions.

		D. Underground ductwork shall be factory pre-insulated including all fittings.  The duct shall be ICBO listed and installed in strict accordance with the manufacturer’s instructions.



		2.8 FLUE VENTS AND STACKS

		A. Refer to Section 235100 – Breechings, Chimneys, and Stacks for boiler flues and generator exhaust stacks.



		2.9 DUCT/VAV UNIT SOUND CONTROL LAGGING

		A. External wrapped with minimum 2” thick glass or mineral fiber blanket, 1.5 lb/ft3 minimum density and two layers of “mass-loaded” vinyl sheet.  Each lead vinyl sheet shall weight 0.4-0.5 lb/ft2 and shall be 0.025 - 0.040 inches thick.  The lead vinyl shall be applied to the fiber base fabric with edges overlapped by at least 2 inches and sealed with duct tape.  Complete system or lead/vinyl material shall provide a minimum STC-20 as measured in an independent accredited acoustical laboratory in accordance with ASTM E90 and/or E413.

		B. The following are acceptable:



		2.10 PLENUMS AND EQUIPMENT CASINGS

		A. Construct casings and plenums in conformance with SMACNA.

		B. Minimum Pressure Class:  Unless otherwise indicated construct plenums and casings to withstand either a negative or positive static pressure of 4" W.G.

		C. Single-Wall:  Provide single-wall, casings and plenums where indicated on the drawings.

		D. Double-Wall:  Provide where indicated on the drawings, constructed as follows:



		2.11 DUCTWORK SPECIALTIES

		A. General:  Where specifically called for, materials for use in fabricating ductwork specialties shall be identical to that used to fabricate ductwork.  See drawings and Part 3, Execution for schedule. 

		B. Volume and Splitter Dampers:  Galvanized sheet metal blade and frame with Ventfabrics Inc., Ventlok operating hardware.  For accessible dampers, provide #641 self -locking dial regulators and #644 self-locking dial regulators for insulated ductwork, #637 square end bearing, and #635 spring end bearing, as applicable.  For inaccessible dampers, provide #666 or #677 concealed locking damper regulator with bearings as above.  For static pressures above 3" W.G., provide #640 HiVel dial regulator and #609 HiVel end bearing for accessible dampers.  Regulators shall extend to and through ceiling with neatly installed hardware at the finished ceiling.   For inaccessible dampers requiring adjustment through diffusers use Young Regulator, Bowden cable control system.

		C. Multi�louver Volume Dampers:  16 gauge galvanized steel frame. Opposed, 6" wide, 16 gauge galvanized steel blades.  Concealed linkage in frame.  Ruskin  #CD35/OBD or equal.

		D. Flexible Connections:  Provide flexible connectors at the discharge and inlet of fans, air handlers, rotating mechanical equipment, and where shown on the Drawings for proper vibration isolation.  Neoprene impregnated glass cloth with 24 gauge galvanized metal frame.  Neoprene-only connectors are not allowed.  Minimum dimensions - 3" metal, 3" fabric, 3" metal.   Ventfabrics #Ventglas or approved equal by Duro Dyne, Q Industries, consolidated Kinetics, Ductmate Proflex or Elgen.

		E. Ducts through roof shall be 16 gauge (or minimum of 2 gauges heavier than attaching ductwork), flashed and counterflashed, and provided with storm collars to secure a watertight construction.

		F. Bird Screens:  14 gauge, 1/2", galvanized wire mesh, set in a galvanized steel frame, screw set.



		2.12 DUCT ACCESS PANELS AND DOORS

		A. In sheet metal work, hollow core double construction of same or heavier gauge material as duct in which installed.  Use no door smaller than 12" by 12" for simple manual access or smaller than 24" by 24" where personnel must pass through infrequently.  Use 24" by 60" minimum for filters and more frequent maintenance.  Use Ventlok or approved hinges and latches on all doors; 100 Series hinges and latches on low pressure system doors up to 18 " maximum dimension, 200 Series on larger low pressure system doors and 333 Series on high pressure systems.  Construct doors up to 18 " maximum dimension with one inch overlap fit and gasket with ¾" by ⅛" sponge rubber, fit larger doors against 1½" by ⅛" flat stock or angle frame and gasket with ¾" by ⅛" sponge rubber or felt.  Door swing to be opposite airflow.  CESCO, Pottorff, Vent Products, Air Balance, Ductmate Sandwich or equal.  Access doors smaller than 12" x 12" can be used for visual inspection of dampers, etc. on small ductwork less than 12" wide but must be of maximum size that will fit on duct with 6" x 6" as minimum size.  All access doors smaller than 12" x 12" must be approved by Engineer for the specific application prior to ordering.



		2.13 CONTROL DAMPERS

		A. General:  Low leakage dampers are to have a maximum leakage rate of 3 cfm/ft2 at 1.0 in w.g. pressure difference when tested to AMCA Standard 500.

		B. Damper Type One:  Airfoil Low Leakage Dampers

		C. Damper Type Two: Airfoil low Leakage for coastal environments.

		D. Damper Type Three: Heavy Duty

		E. Damper Type Four:  Airfoil Low Leakage Insulated Dampers 



		2.14 BACKDRAFT AND RELIEF DAMPERS

		A. Light Duty Counterbalanced Backdraft Damper

		B. Heavy Duty Counterbalanced Backdraft Damper

		C. Barometric Relief Damper 

		D. Round Counterbalanced Backdraft Damper

		E. Light Duty Non-Counterbalanced Neoprene Backdraft Damper



		2.15 LOUVERS

		A. Louvers are generally to be provided under Division 10 or as specified in the equipment schedules on the drawings..  Where louvers are not covered on architectural plans and specifications, contractor is to provide louvers with the following minimum specifications: 



		2.16 DIFFUSERS, GRILLES AND REGISTERS

		A. All diffusers, grilles, and registers shall be selected to provide proper air distribution for the intended occupant application.  All supply air devices shall be selected to provide a maximum air velocity of 50 fpm at three feet above the floor, unless otherwise noted.  Manufacturer's representative shall carefully review Architectural and Mechanical drawings and ensure diffuser/grille/register selections will provide proper air distribution at NC 25 or less.  Manufacturer at no additional expense to the Owner shall replace diffusers, grilles, and registers not providing proper distribution or excessive noise at scheduled airflow.

		B. All frames shall be selected to fit the ceiling type.  Verify with Architectural Drawing.  Each diffuser, grille and register shall be individually capable of balancing via duct mounted balancing dampers or attached opposed blade dampers.  Provide unit opposed blade damper where individual duct mounted balancing dampers are not provided.

		C. Refer to schedule on drawings for sizes, capacities and patterns.

		D. Manufacturers: Titus, Krueger, Price, Metal Aire, Nailor, Anemostat, Carnes,Tuttle&Bailey, or equal.



		2.17 DUCT SMOKE DETECTORS (DSD)

		A. Duct mounted photoelectric smoke detector.  One required for each heating or cooling system supplying air in excess of 2,000 cfm, for systems serving more than one occupancy type, and for control of each combination fire/smoke damper when not controlled by Div. 26 area wide detection system.  Coordinate with Div 16. work and electrical installer for power to smoke detector.  Detector shall be mounted in the supply air ductwork downstream of the air handler and filters, or upstream of combination dampers.  Coordinate with control installer to assure that detector shall shut down the air-moving equipment when smoke is detected and close associated damper actuator(s).  Sensor shall be selected to operate with air velocity rating from 100 to 4000 fpm.  Provide with metal sampling tube.  Provide remote test and reset station at ceiling or as otherwise indicated.  Duct smoke detector shall be installed in compliance with the applicable mechanical or building code.  Coordinate with Section 230900 and 230593 work.  System Sensor #D2 series or approved equal.

		B. Additional requirements for duct smoke detectors include requirements per Section 6.4 of NFPA-90A.  Provide one duct smoke detector at each story to the connection to a common supply and/or return and prior to any recirculation or fresh air inlet connection in air return systems having a capacity greater than 15,000 cfm and serving more than one story.



		2.18 FIRE, SMOKE AND COMBINATION FIRE/SMOKE DAMPERS

		A. General:

		C. Dynamic Fire Dampers (FD):

		D. Combination Fire and Smoke Dampers (FSD):

		A. Smoke Dampers (SD):



		2.19 SOUND TRAPS

		A. Sound traps shall be I.A.C., Vibro-Acoustics, Aerosonics, United McGill, Pottorff,  Ruskin, Nailor or approved equivalent.  Sound traps shall be sized for a maximum air pressure drop and maximum air velocity as noted on schedule.

		B. Materials

		C. Construction

		D. Acoustic Performance

		E. Aerodynamic Performance



		2.20 VARIABLE AIR VOLUME TERMINAL UNITS

		A. Furnish and install variable volume zone boxes of the sizes and capacities shown on the Drawings.

		B. The control assemblies shall be pressure independent and shall be able to be reset to any airflow between zero and maximum scheduled CFM.  The valves shall be normally open.  The differential static pressure of the basic assembly shall not exceed 0.25" W.G. for all sizes with inlet velocities of 2,000 FPM or less.

		C. The air valve shall be galvanized steel or die cast aluminum; damper shafts shall operate in rustproof Delrin or equal, self�lubricating bearings.  The air valve shall seat against durable gaskets and not exceed a 2% leakage rate per ARI standards.

		D. The control device shall be designed to maintain consistent flow measurement regardless of inlet flow deflection.  Angled duct inlets, at 90° or less to the control device, shall not alter the maximum or minimum factory setting by more than 10%.  The assembly shall incorporate a multi-point averaging differential pressure sensor mounted on the inlet.

		E. The assemblies shall be contained in a welded 26 gauge (minimum) galvanized steel box internally lined with minimum 1” thick insulation complying with NFPA 90A and UL 181 standards.  Refer to Section 230700 “HVAC Insulation” for additional requirements.

		F. Fabricate and install 5 foot (minimum) acoustically lined sheet metal discharge plenum on all air terminal units.  Discharge plenum shall be mounted downstream of reheat coils where applicable.  Inside dimension of plenum shall be 2" larger in height and 4” larger in width than the outlet of the air terminal unit or reheat coil, whichever is greater.  Refer to detail on plans for additional information.  This is required for acoustic noise dissipation.

		G. Hot Water Coil:  Where scheduled on drawings, provide a single or double row hot water heating coil with aluminum fins mechanically bonded to copper coils.  Coil velocity shall not exceed 700 FPM and static pressure loss shall not exceed .35" w.g. for a double row coil or 0.20”w.g. for a single row coil.  Coil shall be pressure tested to 200 PSIG.  Coil section to be based on 180(EWT and 140(LWT unless otherwise noted on schedule and include access door.  Maximum water pressure drop shall be limited to 5 feet w.g. unless otherwise noted.

		H. Controls to be direct digital and connected to the BAS.

		I. Provide boxes without operator.  Provide factory mounted low voltage transformer of sufficient capacity to power the DDC controls.  Coordinate control with temperature Control Contractor.  Provide factory mounted operator and thermostat control if not provided by Control Contractor.

		J. Manufacturer:  Titus ESV-3000, Price SDV, Trane VC, Enviro-Tec SSD, Carnes AV, Tuttle & Bailey SDV, Nailor 3000, or approved equal by Krueger, or Anemostat.



		1.1 FAN POWERED BOXES

		A. Furnish and install fan powered boxes of the type, sizes and capacities shown on the Drawings.

		A. Casing:  22 gauge galvanized steel with rectangular discharge with slip and drive type connection.  One piece aluminum backdraft damper provided on fan discharge.  Damper factory set and aligned for precise seal.  Leak rate 2% at 0.5 WG.

		A. The control device shall be designed to maintain consistent flow measurement regardless of inlet flow deflection.  Angled duct inlets, at 90° or less to the control device, shall not alter the maximum or minimum factory setting by more than 10%.  The assembly shall incorporate a multi-point averaging differential pressure sensor mounted on the inlet.

		A. The assemblies shall be contained in a welded 26 gauge (minimum) galvanized steel box internally lined with minimum 1” thick insulation complying with NFPA 90A and UL 181 standards.  Refer to Section 230700 “HVAC Insulation” for additional requirements.

		A. Air Valve:  Galvanized steel or cylindrical die cast aluminum airflow control device.  Valve tapered to fit standard round flexible duct diameters.  Normally open sequencing for reverse acting thermostat.  Leak rate 4% at 2 WG.  Integral flow ring taps, calibration chart for flow measurement, ±10% accuracy regardless of inlet condition.

		A. Fan:  Fan style galvanized steel wheel.  Housing is 18 gauge steel and fan board is 16 gauge steel.

		A. Motor:  Motor is permanent split capacitor type, direct drive, 3 speed.  Motor temperature rise design criteria less than 50(C on all speeds.  Optional 115 or 277 voltage.

		A. Motor to be an Electrically Commutated Motor (ECM) with a minimum efficiency of 70% throughout the operating range.  Motor speed to be controlled for a constant delivery fan cfm regardless of varying external static pressure.  Provide remote adjustment option for integration with DDC controls by others.

		A. Fan Controls:  Factory mounted on�off toggle switch, for disconnect and normally open P.O. switch to energize fan.

		A. Disconnect Switch:  Provide factory mounted fused disconnect switch with interlocking door handle on terminal box door.

		A. Dust Cover:  Integral control panel shall be gasketed for tight seal.

		A. Hot Water Coil:  Where scheduled on drawings, provide a single or double row hot water heating coil with aluminum fins mechanically bonded to copper coils.  Coil velocity shall not exceed 700 FPM and static pressure loss shall not exceed .35" W.G. for a double row coil or 0.20 for a single row coil.  Coil shall be pressure tested to 200 PSIG.

		A. Manufacturer:  Trane VFWC, Titus, Price FDV, FDVLP, FDC, FDCLP, Carnes, Enviro-Tec, Nailor 35P (parallel boxes), 35SST (Series) or approved equal by Krueger, or Anemostat.



		1.1 STEAM HUMIDIFIERS (H’S)

		A. Steam separator type that discharges steam into the air stream through a steam jacketed distribution manifold or dispersion tube.  Humidifiers shall be complete with Y-type steam supply strainer, normally closed modulating steam control valve; normally closed condensate temperature switch; and inverted bucket steam trap.  Control valve actuator to be 24 VAC powered with 0-10 VDC modulating input signal compatible with the control system as provided by Section 230900.

		A. Steam Separator: Stainless steel or cast iron.

		A. Distribution Manifold:  Stainless steel, composed of dispersion pipe and surrounding system jacket, manifold shall span the width of duct and shall be multiple manifold type designed for full steam absorption within 2 feet.

		A. Manufacturer:  Armstrong, Spirax Sarco, Dristeem and Neptronic.





		PART 3 - EXECUTION

		3.1 DUCTWORK MATERIAL APPLICATION SCHEDULE

		A. Fabricate ducts with galvanized sheet steel, except as otherwise indicated and as follows:



		3.2 DUCTWORK AND SPECIALTIES INSTALLATION

		A. Ductwork is generally diagrammatically indicated and shall be generally installed as indicated.  Do not scale Drawings for exact location of ducts.  Install ducts to best suit field conditions and cooperate with other trades.  Do not penetrate Structural members without consent of Architect or Structural Engineer.  Check with Structural drawings prior to locating any penetrations.  Duct sizes are indicated as net inside dimensions on the Drawings.  The indicated dimensions shall be altered at the job site for the purpose of avoiding interferences and clearance difficulties to other dimensions producing the same air handling characteristics, provided such altered dimensions are approved by the Architect.  Ducts shall be constructed in accordance with the latest edition of codes and standards identified in Part 1 and as shown on the Drawings.

		B. Hangers and Supports:  Securely fasten all ductwork to the building construction by means of hangers, supports, guides, anchors, and sway braces to maintain duct alignment, to prevent sagging, and to prevent noise and excessive strain on ductwork due to movement under operating conditions.

		C. Other:



		3.3 FLEXIBLE DUCTWORK INSTALLATION

		A. Flexible insulated round ductwork may be utilized where shown on the Drawings and at the last seven (7’) feet to each air outlet and inlet, unless shown otherwise on the plans.

		B. Maximum of only one 90° bend in any length.  Elbows in flex ductwork are to be supported using Flexmaster Flexright elbow support, or equal.  No intermediate joints are allowed.  Seal each end using 2 wraps of tape listed in accordance with UL 181B and marked 181B-FX, followed by a mechanical stainless steel screw operated drawband.  Support duct to maintain smooth shape without sagging.  All connections shall utilize welded conical tees, aluminum conical fitting, Flexmaster #CBD, or 45° boot take-offs by Flexmaster #STO.  Spin-in type or other types of butt tees, bullhead tees or straight taps are not permitted.  Dampers regulators shall include end bearings as manufactured by DuraDyne, Ventlok or equal.



		3.4 STAINLESS STEEL DUCTWORK 

		A. For installations serving moisture, vapor, or fume exhaust.



		3.5 CONSTRUCTION AND SEALING CRITERIA

		A. Unless called out otherwise on drawings the pressure classification of ductwork shall be as follows:

		B. The default leakage classification of ductwork is as follows:



		3.6 MANDATORY DUCTWORK TESTING

		A. Ductwork leakage testing may be required to meet local energy code requirements.  Refer to local codes for applicability.

		B. All California duct systems shall be sealed to a leakage rate not to exceed 6% of the fan flow if the duct systems are:



		3.7 DUCT SEALING ALTERNATIVE

		A. Occasionally a ducted system will experience leaks after the ductwork has been installed and sealed per one of the SMACNA duct sealant classifications.  These leaks may not be identifiable until after ductwork has been installed and system air balancing and leakage testing has been engaged.  At the contractor’s option an alternative solution to sealing such leaks may include the use of a water based sealing agent that is introduced to the interior of the duct system.

		B. Duct Sealing Procedure:



		3.8 FIBERGLASS DUCTWORK INSTALLATION

		A. Ductwork fabrication and installation to be inspected by a Qualified Fabricator certified by the material manufacturer



		3.9 FIRE AND COMBINATION FIRE/SMOKE DAMPER INSTALLATION

		A. Install per manufacturer’s and UL installation requirements.

		B. Interlock operation of all fire/smoke dampers to close dampers when the fans associated with the dampers are shut down.  This also includes dampers in transfer ducts associated with system fans.

		C. For buildings with no fire alarm system all fire/smoke dampers shall be interconnected with the HVAC units controls and duct smoke detectors.  The detection of smoke at any fire/smoke damper shall stop for HVAC unit fans and close all fire/smoke dampers.  A single test/reset station shall be capable or resetting all devices back to normal operation.



		3.10 CONTROL DAMPER INSTALLATION

		A. Note that installation of control dampers is a part of the mechanical contractor’s work regardless of whether they are specified in this section or as part of products to be selected by the Control Contractor.

		B. When electric actuators are provided, dampers shall be installed to allow direct over the shaft mounting of actuators.  No connecting rods and stand off brackets shall be necessary.

		C. Dampers shall be installed straight and true, level in all planes, and square in all dimensions.  Dampers shall move freely without undue stress due to twisting, racking (parallellogramming), bowing, or other installation error.

		D. Blades shall close completely.  Leakage shall not exceed manufacturer’s specifications at rated static.

		E. Structural support shall be provided as necessary for all multi-section dampers.

		F. Where blankoffs or structural supports obstruct duct or air passages, the decrease in free area shall not exceed 15% of the damper face area unless otherwise specified here or on plans.

		G. No individual damper section may exceed 20 sq. ft.

		H. Dampers shall be parallel blades style for outside air economizer to facilitate improved mixing of outside air and return air.  Airflows shall be directed towards each other.



		3.11 SEISMIC REQUIREMENTS

		A. See Section 230549 for specific requirements.

		B. All HVAC equipment and machinery shall be anchored to withstand forces generated by earthquake motions.  As a minimum, equipment and equipment frames shall be designed to withstand a force of 100% of the weight of the equipment and frame acting at its center of gravity.  Anchorage of the equipment and/or frame to the structure shall be for a force of four times gravity also acting at the center of gravity.

		C. The seismic calculations shall be the responsibility of contractor.



		3.12 EQUIPMENT

		A. Install equipment as shown on plans and in accordance with manufacturer's installation recommendations.



		3.13 SUPPLY DIFFUSER AND REGISTER LOCATIONS

		A. Coordinate location of supply outlets with ceiling mounted smoke detectors.  Locate outlets or outlet distribution so as to prevent airflow from inhibiting the operation of smoke detectors.  Locate ceiling outlets a minimum of 3'-0" from smoke detectors.



		3.14 PAINTING

		A. Where the interior surfaces of ductwork are visible through the blades of supply outlets, return inlets, and exhaust inlets - paint the interior visible surfaces with one coat of flat black paint.



		3.15 FIELD QUALITY CONTROL

		A. Do not insulate or conceal ductwork before inspection by Owner's Representative, Architect or Engineer.  If ductwork is insulated and concealed prior this inspection the Contractor shall remove insulation and ceiling to permit inspection at no additional cost to the Owner.  The Contractor shall replace the insulation and ceiling after final inspection at no additional cost to the Owner.

		B. Ductwork Deflection Criteria:

		C. Acceptance of duct systems shall be contingent upon conformance with the requirements specified in Section 230593 "Testing, Adjusting and Balancing".



		3.16 ADJUSTING AND CLEANING

		A. Clean the inside of plenums, casings, enclosures, fans, and accessible ductwork before starting fans.  Blowout coils and condensate piping with compressed air.  Install a clean set of filters in each system prior to testing and balancing.  Proceed with testing and balancing.  All dampers shall be locked in place.










SAN DIEGO STATE UNIVERSITY SECTION 233413 
EIS COMPLEX FANS AND VENTS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 233413 - 1 McParlane & Associates, Inc. 


PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 1, and shall include, but not necessarily be limited to, the 
following: 
1. Spun Aluminum and Steel Housed Centrifugal Exhaust Fans 


a. General Duty Spun Aluminum Exhaust fan 
b. Upblast Spun Aluminum Exhaust Fan for roof mount  


2. Roof Mounted Supply Fans (Hood and Louvered Style) 
3. Small Cabinet Fans (Ceiling Mounted and Inline) 
4. Large Belt Driven Cabinet Fans 
5. Propeller ceiling fans (small) 
6. Gravity roof vents 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing  


C. Section 230700:  Mechanical Insulation 


D. Section 230900:  Building Automation System (BAS) Controls 


E. Section 233113:  Air Distribution  


F. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide air handling units that are the standard 
product of an equipment manufacturer regularly engaged in the production of such 
units who issues complete catalog information on such products.  Units shall not be 
fabricated by the Contractor. 


B. Certifications:  Provide certified ratings of units based on tests performed in 
accordance with ARI 430, "Central-Station Air Handling Units." 


C. Codes and Standards:  Provide air handling units conforming to the requirements of 
the latest addition of the following: 
1. Air Movement and Control Association (AMCA): 


a. 99 standards Handbook 
b. 210 Laboratory Methods of Testing Fans for Rating [Unit shall bear 
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AMCA Certified Rating Seal] 
c. 300 Reverberant Room Method for Sound Testing of Fans [Unit 


shall bear AMCA Certified Rating Seal] 
d. 301 Methods for Calculating Fan Sound Ratings from Laboratory 


Test Data 
e. 500 Test Method for Louvers, Dampers, and Shutters 


2. American National Standards Institute (ANSI): 
a. 9 Load Ratings and Fatigue Life for Ball Bearings 
b. 11 Load Ratings and Fatigue Life for Roller Bearings 
c. 900 Test Performance of Air Filter Units 


3. Air-Conditioning, Heating and Refrigeration Institute (AHRI): 
a. 350 Sound Rating of Non-Ducted Indoor Air-Conditioning Equipment 
b. 410 Forced-Circulation Air-Cooling and Air-Heating Coils 
c. 430 Central-Station Air-Handling Units 
d. 440 Room Fan-Coil Air-Conditioners 


4. American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE): 
a. 15 Safety Code for Mechanical Refrigeration 


5. National Electrical Manufacturers Association (NEMA):  Except for motors, 
provide electrical components required as part of air handling units, which 
comply with NEMA Standards. 


6. National Fire Protection Association (NFPA):  Provide air handling unit 
internal insulation having flame spread rating not higher than 25 and smoke 
developed rating not higher than 50: 
a. (CEC) California electrical Code 
b. 90A Standard for the Installation of Air Conditioning and Ventilating 


Systems 
c. 90B Standard for the Installation of Warm Air Heating and Air 


Conditioning Systems 
7. Sheet Metal and Air Conditioning Contractors' National Association, Inc.  


(SMACNA):  Comply with applicable SMACNA standards including "HVAC 
Duct Construction Standards - Metal and Flexible." 


8. Underwriters Laboratories, Inc. (UL):  Except for motors, provide electrical 
components required as part of air handling units, which have been listed 
and labeled by UL. 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for air handling units 
showing dimensions, weights, capacities, ratings, fan performance with operating 
point clearly indicated, motor electrical characteristics, and finishes of materials, 
installation instructions, sound and vibration test report, and bearing life calculations. 


B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, 
required clearances, field connection details and methods of support.  Draw to a 
scale of 1/4” per one foot.  Include field fabricated mixing boxes, dampers and duct 
connections. 


C. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, filter replacement, motor and drive replacement, and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in operating and 
maintenance manuals. 


1.6 ENVIRONMENTAL REQUIREMENTS 
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A. Do not operate units for any purpose, temporary or permanent, until ductwork is 
clean, filters are in place, bearings lubricated, and fan has been test run under 
observation. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver unit to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect equipment and products against dirt, water, chemical, and 
mechanical damage.  Do not install damaged unit - remove from project site. 


1.8 WARRANTY 


A. Provide one-year (12 months) warranty.  The warranty shall include parts, labor, 
travel costs, and living expenses incurred by the manufacturer to provide factory 
authorized service. 


1.9 SAFETY PROVISIONS 


A. Provide all open drives and fan wheels subject to maintenance and potential 
entanglement with protective guards or screens meeting OSHA requirements.   


PART 2 - PRODUCTS 


2.1 GENERAL FAN REQUIREMENTS 


A. Construction, Rating and Testing:  Provide fans constructed and factory tested in 
accordance with the Air Moving and Conditioning Association (AMCA).  All fan 
wheels shall be statically and dynamically balanced.  Size and capacity as indicated 
on the Drawings.  Provide extended bearing lubrication fittings where necessary to 
assure accessibility of all lubrication points. 


B. Motors and Drives:  Provide premium efficiency drip-proof motors with temperature 
rise not greater than 40 degrees C above ambient temperature.  Provide belt drive 
assembly capable of 150% of the motor rated horsepower on one less than the total 
number of belts, for belt drives with two or more belts.  All drives shall have 
adjustable sheaves to allow adjustment of ±20%.  Provide two speed, two winding 
motors where indicated on schedules. 


C. Accessories:  Provide, as indicated on the Drawings and specified in other 
paragraphs of this Section, all related accessories to match the fan section, including 
access sections, diffusion sections, transition sections, flexible connections, vibration 
eliminators, and belt guards. 


D. Submissions:  For shop drawings include complete dimensional and physical data, 
CFM, SP, HP, discharge arrangement, rotation, class, base details, and fan curves. 


2.2 SPUN ALUMINUM AND STEEL HOUSED CENTRIFUGAL EXHAUST FANS  


A. Manufacturer:  Models as scheduled manufactured by Greenheck, Carnes, Cook, 
Penn, Twin City or approved equal.  


B. General Duty Spun Aluminum Exhaust Fan   
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1. Direct Drive: Spun aluminum exhaust fans shall be direct drive type.  
a. The fan wheel shall be centrifugal backward inclined, constructed of 


aluminum and shall include a wheel cone carefully matched to the 
inlet cone for precise running tolerances. Wheels shall be statically 
and dynamically balanced. The fan housing shall be constructed of 
heavy gauge aluminum with a rigid internal support structure and a 
birdscreen.  


b. Motors shall be mounted out of the airstream on vibration isolators. 
Fresh air for motor cooling shall be drawn into the motor 
compartment through a large space between the fan shroud and the 
motor cover. Motors shall be readily accessible for maintenance. A 
disconnect switch shall be factory installed and wired from the fan 
motor to a junction box within the motor compartment. 
1) Variable speed capability:  For all direct drive fans with 


motors through 3/4 hp, the fan shall be equipped with a DC 
electronic commutation type motor (ECM).  Motor shall be 
speed controllable to 20% of full speed (80% turndown).  
Speed shall be controlled by a potentiometer dial mounted 
at the motor or by a 0-10 vdc signal.  Motor shall be 85% 
efficient at all speeds.  


c. A conduit chase shall be provided through the curb cap to the motor 
compartment for ease of electrical wiring. 


d. All fans shall bear the AMCA Certified Ratings Seal for sound and 
air performance. Each fan shall bear a permanently affixed 
manufacturer's engraved metal nameplate containing the model 
number and individual serial number for future identification. 


2. Belt-drive:  Spun aluminum exhaust fans shall be belt driven type. 
a. Fan wheel shall be centrifugal backward inclined, constructed of 


aluminum and shall include a wheel cone carefully matched to the 
inlet cone for precise running tolerances. Wheels shall be statically 
and dynamically balanced. The fan housing shall be constructed of 
heavy gauge aluminum with a rigid internal support structure and a 
birdscreen. 


b. Motors shall be heavy duty ball bearing type, carefully matched to 
the fan load, and furnished at the specified voltage, phase and 
enclosure. Drive frame assembly shall be constructed of heavy 
gauge steel. Motors and drives shall be mounted on vibration 
isolators, out of the airstream. Fresh air for motor cooling shall be 
drawn into the motor compartment through a large space between 
the fan shroud and the motor cover. Motors and drives shall be 
readily accessible for maintenance.  


c. Precision ground and polished fan shafts shall be mounted in 
permanently sealed, lubricated pillow block ball bearings.  Bearings 
shall be selected for a minimum L10 life in excess of 100,000 hours 
at maximum cataloged operating speed. Drives shall be sized for a 
minimum of 150% of driven horsepower. Pulleys shall be of the cast 
type, keyed and securely attached to the wheel and motor shafts.  
Motor pulleys shall be adjustable for final system balancing.  


d. A disconnect switch shall be factory installed and wired from the fan 
motor to a junction box installed within the motor compartment. A 
conduit chase shall be provided through the base to the motor 
compartment for ease of electrical wiring.  


e.  All fans shall bear the AMCA Certified Ratings Seal for sound and 
air performance. 
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f. Each fan shall bear a permanently affixed manufacturer's engraved 
metal nameplate containing the model number and individual serial 
number for future identification. 


C. Upblast Spun Aluminum Exhaust Fan for Roof 
1. Direct Drive: 


a. Spun aluminum exhaust fans shall be upblast centrifugal direct drive 
type. The fan wheel shall be centrifugal backward inclined, 
constructed of aluminum and shall include a wheel cone carefully 
matched to the inlet cone for precise running tolerances. Wheels 
shall be statically and dynamically balanced. The fan housing shall 
be constructed of heavy gauge aluminum with a rigid internal 
support structure. 


b. Motors shall be mounted out of the airstream on vibration isolators. 
Fresh air for motor cooling shall be drawn into the motor 
compartment free of discharge contaminants. Motors shall be 
readily accessible for maintenance.  A disconnect switch shall be 
factory installed and wired from the fan motor to a junction box 
within the motor compartment. A conduit chase shall be provided 
through the curb cap to the motor compartment for ease of electrical 
wiring. 
1) Variable speed capability:  For all direct drive fans with 


motors through 3/4 hp, the fan shall be equipped with a DC 
electronic commutation type motor (ECM).  Motor shall be 
speed controllable to 20% of full speed (80% turndown).  
Speed shall be controlled by a potentiometer dial mounted 
at the motor or by a 0-10 vdc signal.  Motor shall be 85% 
efficient at all speeds. 


c. All fans shall bear the AMCA Certified Ratings Seal for sound and 
air performance. 


d. Each fan shall bear a permanently affixed manufacturer’s engraved 
metal nameplate containing the model number and individual serial 
number for future identification.  


e. Fan Arrangement: 
1) Roof Mounted Upblast Exhaust Fans: A leakproof fan 


housing shall be constructed with a one piece windband with 
an integral rolled bead for added strength.  


2. Belt-drive:  Spun aluminum exhaust fans shall be belt driven type. 
a. Fan wheel shall be centrifugal backward inclined, constructed of 


aluminum and shall include a wheel cone carefully matched to the 
inlet cone for precise running tolerances. Wheels shall be statically 
and dynamically balanced. The fan housing shall be constructed of 
heavy gauge aluminum with a rigid internal support structure. The 
windband shall be welded to the one-piece curb cap and on all sizes 
with UL/CUL-762. 


b. Motors shall be heavy duty ball bearing type, carefully matched to 
the fan load, and furnished at the specified voltage, phase and 
enclosure. Drive frame assembly shall be constructed of heavy 
gauge steel. Motors and drives shall be mounted on vibration 
isolators, out of the airstream. Fresh air for motor cooling shall be 
drawn into the motor compartment through a tube sized for sufficient 
fresh air to provide motor cooling.  Motors and drives shall be readily 
accessible for maintenance.  


c. Precision ground and polished fan shafts shall be mounted in 
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permanently sealed, lubricated pillow block ball bearings.  Bearings 
shall be selected for a minimum L10 life in excess of 100,000 hours 
at maximum cataloged operating speed. Drives shall be sized for a 
minimum of 150% of driven horsepower. Pulleys shall be of the cast 
type, keyed and securely attached to the wheel and motor shafts.  
Motor pulleys shall be adjustable for final system balancing.  Third 
pulley to be included for ease of adjusting drive belt tension and to 
enhance belt life.    


d. A NEMA 3R disconnect switch shall be factory installed and wired 
from the fan motor to a junction box installed within the motor 
compartment. A conduit chase shall be provided through the base to 
the motor compartment for ease of electrical wiring.  


e. All fans shall bear the AMCA Certified Ratings Seal for sound and 
air performance. 


f. Each fan shall bear a permanently affixed manufacturer's engraved 
metal nameplate containing the model number and individual serial 
number for future identification.  


g. Fan Arrangement: Roof Mounted Upblast Exhaust Fans: A leakproof 
fan housing shall be constructed with a one piece windband with an 
integral rolled bead for added strength. 


2.3 ROOF MOUNTED SUPPLY FANS  (HOOD AND LOUVERED STYLE) 


A. Manufacturers:  Greenheck, Carnes, Cook, Penn, Twin City or approved equal.  


B. Roof mounted, non-tempered, filtered, make-up air units shall be of the belt-driven, 
double width/double inlet, forward curved, or backward inclined centrifugal blower 
type.  


C. Non-Louvered Hood Style:  the hood shall be constructed of heavy gauge galvanized 
steel and adequately sized to prevent rain and snow from entering the building. The 
cover shall be constructed of heavy gauge galvanized steel, removable for service 
and insulated to prevent condensation. 


D. Louvered Model - hood construction shall be of heavy gauge extruded aluminum 
louvers with mitered and welded corners.  


E. Hoods shall include an insulated aluminum cover hinged for access.  Hood bases 
shall have prepunched mounting holes. 


F. Permanent washable 1 inch aluminum filters shall be provided.  


G. Fan wheels shall be of the forward curved type, constructed of heavy gauge steel, 
and statically and dynamically balanced to ensure smooth, vibration free operation.  


H. Motors shall be permanently lubricated, heavy duty, ball bearing type carefully 
matched to the fan load and furnished at the specified voltage, phase and enclosure.  


I. Drive Components:  The fan shaft shall be ground and polished steel mounted in 
heavy duty, sealed ball bearings. Bearings shall be selected for a minimum (L50) life 
in excess of 200,000 hours at maximum cataloged operating speeds. Pulleys shall 
be of the fully machined cast iron type, keyed and securely attached to the wheel and 
motor shafts. Motor sheaves shall be adjustable for final system balancing. Drives 
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shall be sized for a minimum of 150% of driven horsepower.  


J. The entire fan and motor assembly shall be mounted on vibration isolators to prevent 
noise transmission.  


K. Fans shall bear the AMCA Certified Ratings Seal for air performance. 


2.4 SMALL CABINET FANS (CEILING MOUNTED AND INLINE CABINET) 


A. Ceiling mounted exhaust fans: 
1. Manufacturer:  Greenheck SP-A, Panasonic, Cook, Penn, Carnes, Twin City, 


Air King or approved equal. 
2. General:  Provide centrifugal direct drive type ceiling exhaust fan.  The fan 


wheel(s) shall be of the forward curved centrifugal type and dynamically 
balanced. 


3. Noise Data:  Provide sone or octave band noise values at the required air 
delivery.   
a. 0.3 sones at 80 cfm or 112 cfm   


4. Fan Housing:  The fan housing shall be constructed of heavy gauge 
galvanized steel. The housing interior shall be lined with 1/2 inch acoustical 
insulation. The outlet duct collar shall include a backdraft damper on all sizes 
and shall be spring loaded on larger units above 200 cfm. 
a. Integral backdraft damper shall be totally chatterproof with no metal-


to-metal contact. 
b. Entire fan, motor and wheel assembly shall be easily removable 


without disturbing the housing. 
c. Outlet shall be adaptable for horizontal or vertical discharge. 


5. Motor speeds shall not exceed 1100 RPM and all fan motors shall be 
suitably grounded and mounted on rubber-in-shear vibration isolators. 


6. Grille:   For 300 cfm and smaller fans the grille shall be constructed of high 
impact polystyrene and for larger sizes the grille shall be constructed of 
aluminum. Grilles shall be non-yellowing. 


7. The access for wiring shall be external. The motor disconnect shall be 
internal and of the plug in type. The motor shall be mounted on vibration 
isolators. 


8. All fans shall bear the AMCA Certified Ratings Seal for sound and air 
performance and shall be UL/cUL Listed. 


B. Duct mounted cabinet fan: 
1. Manufacturer:  Greenheck CSP-A, Panasonic, Cook, Penn, Carnes, Twin 


City or equal. 
2. General:  Provide centrifugal direct drive type inline fan.  The fan wheel(s) 


shall be of the forward curved centrifugal type and dynamically balanced. 
3. Noise Data:  Provide sone or octave band noise values at the required air 


delivery.  
4. Fan Housing:  The fan housing shall be constructed of heavy gauge 


galvanized steel. The housing interior shall be lined with 1/2 inch acoustical 
insulation. The outlet duct collar shall include an aluminum backdraft damper 
on all sizes and shall be spring loaded on larger units above 200 cfm.  
a. Integral backdraft damper shall be totally chatterproof with no metal-


to-metal contact. 
b. Entire fan, motor and wheel assembly shall be easily removable 


without disturbing the housing. 
c. Outlet shall be adaptable for horizontal or vertical discharge.  
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5. Motor speeds shall not exceed 1100 RPM and all fan motors shall be 
suitably grounded and mounted on rubber-in-shear vibration isolators. 


6. Grille:   For 300 cfm and smaller fans the grille shall be constructed of high 
impact polystyrene and for larger sizes the grille shall be constructed of 
aluminum. Grilles shall be non-yellowing. 


7. The access for wiring shall be external. The motor disconnect shall be 
internal and of the plug in type. The motor shall be mounted on vibration 
isolators. 


8. All fans shall bear the AMCA Certified Ratings Seal for sound and air 
performance and shall be UL/cUL Listed. 


2.5 LARGE BELT DRIVEN CABINET FANS 


A. Manufacturer:  Greenheck BCF, Cook, Penn, Carnes, Twin City or approved equal. 


B. Duct mounted supply, exhaust or return fans shall be of the centrifugal, belt driven in-
line type. 


C. Housing:  The fan housing shall be of the rectangular design constructed of heavy 
gauge galvanized steel and shall include rectangular duct mounting collars. A hinged 
or removable panel shall be provided in the fan cabinet of sufficient size to permit 
access for service to all of the fan’s internal components without dismantling the 
cabinet. 


D. The fan wheel shall be of the galvanized steel, forward curved, centrifugal type. 
Wheels shall be dynamically and statically balanced. The wheel shaft shall be ground 
and polished steel mounted in permanently sealed pillow block bearings. 


E. Drives shall be sized for a minimum of 150% of driven horsepower. Pulleys shall be 
of the machined cast iron type, keyed and securely attached to the wheel and motor 
shafts. The motor pulleys shall be adjustable for final system balancing. 


F. Motors shall be of the heavy duty type with permanently sealed ball bearings. 


G. All fans shall bear the AMCA Certified Ratings Seal for air performance. 


H. Options: 
1. Discharge position:  Top Horizontal (TH) or Upblast (UB) 
2. Filter Boxes:  Fixed or sliding drawer. 
3. Mixing Boxes: 


a. Inlet without damper(s). 
b. Inlets with damper(s). 


4. Side Access Doors– Specify left or right side of cabinet as viewed from 
discharge end. 


5. Insulated Housing 
6. Disconnect 


2.6 HOUSED CENTRIFUGAL FANS  


A. Utility Set 
1. Manufacturer:  Trane, Loren Cook, Carnes, Industrial Air, Peerless-


Winsmith, Penn, Aerovent, Twin City, or approved equal. 
2. Direct Drive Utility Fans: 
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a. Supply, exhaust or return air fans shall be of the direct drive utility 
fan type, in AMCA Arrangement 4 with a single width, single inlet 
housing, in CW or CCW  rotation as specified. The housing shall be 
constructed of heavy gauge galvanized steel with lock formed 
seams permitting no air leakage. The housing shall be easily rotated 
in the field to any of the eight standard discharge positions. Housing 
supports shall be constructed of heavy gauge galvanized steel to 
minimize vibration and rigidly support the motor and wheel. 


b. The fan wheel shall be of the forward curved or backward inclined 
type and shall be constructed of heavy gauge aluminum. Wheels 
shall be statically and dynamically balanced. The wheel cone and 
fan inlet cone shall be carefully matched for maximum performance 
and operating efficiency. Motors shall be heavy duty ball bearing 
type matched to the fan load and furnished at the specified voltage, 
phase and enclosure. 


3. Belt Drive Utility Fans: 
a. Supply, exhaust and return air fans shall be of the belt driven utility 


fan type in AMCA Arrangement 10 with a single width, single inlet 
housing, in CW or CCW rotation as specified. The housing shall be 
constructed of heavy gauge steel with air tightlock formed seams. 
The housing shall be easily rotated in the field to any of the eight 
standard discharge positions. Housing andbearing supports shall be 
constructed of welded steel members to prevent vibration and to 
rigidly support the shaft and bearings. 


b. Fan wheels shall be of the forward curved type, constructed of 
heavy gauge steel with uniform stamped steel blades. Wheels shall 
be statically and dynamically balanced. The wheel cone and fan inlet 
cone shall be carefully matched for maximum performance and 
operating efficiency.  


c. Motors shall be heavy duty, ball bearing type, matched to the fan 
load and furnished at the specified voltage, phase and enclosure. 
The fan shaft shall be ground and polished solid steel mounted in 
heavy duty, permanently sealed, pillow block ball bearings. Bearings 
shall be selected for a minimum L50 life in excess of 200,000 hours 
of maximum cataloged operating speed. Drives shall be sized for a 
minimum of 150% of driven horsepower. Pulleys shall be of the fully 
machined cast iron type, keyed and securely attached to the wheel 
and motor shafts. The motor pulley shall be adjustable for final 
system balancing. 


4.  All fans shall bear the AMCA Certified Ratings Seal for air performance. 


2.7 MIXED-FLOW INDUCED DILUTION FANS (FOR LABORATORY EXHAUST): 


A. Manufacturer:  Greenheck or equal. 


B. Impellers shall be mounted directly to the motor shaft to provide Arrangement 4 
Direct Drive.  Motors shall be isolated from the primary exhaust air stream and shall 
be visible and accessible from the fan exterior for inspection and service. Models 
that are not Arrangement #4 will be rejected. 


C. Mixed flow impellers shall consist of combination axial/backward curved blades and 
shall be of welded steel construction.  The impellers shall have non-stall and non-
overloading performance characteristics with aerodynamically stable operation at any 
point on the fan curves. 
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D. Fan Performance shall be as stated on the schedule.  The Static Pressure stated on 
the schedule shall be at the inlet to the “Fan System” and does not include any 
losses of equipment provided by the fan manufacturer (ie: HRU, Filters, Silencers, 
etcR).  All losses for the equipment provided by the fan manufacturer shall be 
detailed in the fan manufacturers technical proposal and or submittal. 


E. Fan and all drive components shall have a combined bearing life of a minimum of L10 
= 150,000 hours. 


F. Maintenance shall only be required on a minimum of 18 month intervals.  This 
maintenance shall be limited to re-greasing of the motor bearings. 


G. Stationary discharge guide vane sections shall be provided to increase fan 
efficiencies. 


H. Fan dynamic balance not to exceed 0.5 mil, peak-to-peak for nominal 900RPM, 
1200RPM, and 1800RPM fans, or 0.055 in/sec -peak for 1800 RPM, 0.035 in/sec — 
peak for 1200 RPM, and 0.030 in/sec-peak for 900 RPM fans measured at the blade 
pass area when operating at fan frequency. Vibration isolation shall be limited to 
rubber-in-shear pad type isolators unless otherwise specified. 


I. Factory test reports detailing vibration levels at the blade pass area shall be 
provided. Vibration levels shall be reported in both the axial and radial direction. If fan 
vibration is greater than 0.5 mils peak-to-peak at the blade pass area, fan 
manufacturer shall be responsible for providing vibration isolators on each fan and 
flexible connection at each duct inlet. Manufacturer shall add 0.5" additional static 
pressure to the fan system to compensate for losses through the flexible connection. 
Vibration isolators, 2” deflection seismic rated spring, must be installed on each 
individual fan with a minimum of four per fan.  In addition, fan manufacturer shall be 
responsible for providing a method to repair or replace flexible connection or 
vibration isolators without shut down of the fan system. This includes any 
engineering, additional ductwork, and isolation dampers required to perform repairs 
while the system is still fully operational. Fan manufacturer shall also provide labor to 
change out or repair flexible connection and vibration isolators for a seven (7) year 
period from shipment. 


J. If a belt drive fan is supplied the fan manufacturer shall include a seven (7) year  
service contract for maintaining the belts, sheaves and drive mechanism. This is to 
include monthly inspections as noted in the ANSI Z9.5, 4.14.7.2 and any tensioning, 
and belt replacement during the seven (7) year period. This contract shall be detailed 
in the proposal and included in its total value. 


K. Fan assemblies shall be designed for mounting on conventional roof curb without the 
need for guy wire supports. 


L. Discharges shall include twin FRP nozzles with passive third central stacks that are 
capable of generating aspiration.  The FRP shall be chemically and UV resistant. 


M. Entrainment windbands shall provide secondary induction of outside air.  Induction 
shall take place downstream of the fan impeller and shall not influence BHP or static 
pressure requirements.  Windbands shall discharge up to 270% of the design flow 
rates.  The manufacturer shall publish discharge volumes for all fans at specified 
primary exhaust flow. 
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N. Fan shall be constructed to AMCA “C” standards per AMCA 99 with a non-ferrous 
inlet bell provided in order to reduce sparking in the event of a motor bearing failure. 


O. Fans shall be modular construction and capable of being assembled on the roof. 


P. Chemical resistant gaskets shall be provided at all companion flanged joints. 


Q. Fasteners shall be 316 stainless steel. 


R. A bolted access door shall be provided for impeller inspection on each fan. 


S. Fans and accessories shall have internal drain systems to prevent rain water from 
entering building duct system. 


T. Electric motors shall be TEFC Mill & Chemical duty with a 1.15 service factor and an 
L10 bearing life of 150,000 hours.  Premium Efficient motors shall have regreasable 
bearings with grease relief fittings in every NEMA frame.  Fan motors shall be C-
Face and foot mounted.   


U. Extended motor lube lines of Teflon tubing covered with braided stainless steel shall 
be provided. Extended lube lines shall be mounted to a bracket located on the fan 
housing with grease relief fittings on each line. 


V. A NEMA 3R non-fused disconnect switch shall be provided, mounted and wired to 
the motor. 


W. All steel and aluminum surfaces components within the airstream that are not 
stainless steel or fiberglass must be surface prepped by abrasive blast clean to 
SSPC-SP10. Chemically cleaning of these components as a form of surface 
preparation is not acceptable.  These components must be coated with a high solids 
epoxy with low VOC chemical resistant barrier coating epoxy.  The coating system, a 
total thickness of up to 12 mils, is not affected by the UV component of sunlight 
(does not chalk), and has superior corrosion resistance to acid, alkali, and solvents. 
Coating system shall exceed 7000 hour ASTM B117 Salt Spray Resistance. 
Standard finish color to be gray. All coatings that include a zinc rich epoxy primer are 
strictly prohibited.  Zinc coatings react with alkalis and acids, thus causing premature 
failure of the coating system and should never be used for laboratory applications.    


X. The fan supplied must meet the system exhaust CFM and the motor BHP shall not 
be larger than that shown on the fan schedule. If the BHP is larger than that shown 
then the fan manufacturer shall provide money for the additional energy cost for a 
seven (7) year period. The cost shall be $7,530.00 per BHP greater than that shown 
in the schedule. The fan manufacturer shall also provide any additional money 
required for wiring changes or any other changes required for installation of the 
equipment.  These additional charges shall be detailed on the proposal and include 
in its total value. 


Y. Fan and Mixing Box systems supplied by the manufacturer must have a foot print as 
shown on the drawings / schedule.  Exhaust systems with larger footprints shall not 
be acceptable. 


Z. The static pressure shown on the schedule is based on the static pressure 
requirements at the inlet to the mixing box.  Any system deviating from the basis of 
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design shall include and detail in their proposal additional losses for flexible 
connectors, fan losses, elbows, mixing box, etc. that are not included in their fan 
curves.  In addition any deviation from the basis of design shall be subject to 
requirements stated in sections 1.3.2, 2.1.8 and 2.1.23. 


AA. Inlet mixing plenums shall be provided by the fan manufacturer.  Each plenum shall 
be sized to support the weight and performance requirement of the number of fans 
listed on the schedule.  Multiple fan plenums shall be insulated double wall 
construction with structural stiffeners.  Double wall plenums shall have an overall 
minimum wall thickness of 1.5” and the insulation shall have a minimum R value of 
4.34.  Outer skin of double wall plenums shall be coated 12Ga Galvaneal steel.  
Inner skin shall be uncoated 18Ga 304 stainless steel.  Multiple fan plenums shall be 
able to withstand a minimum of 12 in. w.g. of negative pressure.    All plenums shall 
be capable of supporting the fan(s) without guy wires or supports.  The plenums shall 
include hinged access doors. The primary air inlets shall be located on the bottom or 
side as noted on construction drawings.  Unless otherwise specified, plenums shall 
be suitable for mounting on roof curbs. Safety screens shall be supplied over inlet of 
fan. 


BB. Bypass dampers shall be provided with all mixing plenums for outside air with 
primary exhaust.  Bypass damper(s) shall be sized to bypass the airflow capacity of 
one fan at the required static pressure of the system.  Dampers will be opposed 
blade low leakage air foil control dampers with extended shaft for connection to an 
operator.  The dampers shall be all aluminum construction.  Rain hoods shall be 
provided with each damper.  The dampers shall be controlled by a 24v electric 
proportional control damper actuators shall be electronic direct-coupled type, which 
require no crankarm and linkage. Actuators must provide proportional damper 
control in response to a 2 to 10 VDC or, with the addition of a 500Ω resistor, a 4 to 
20 mA control input from an electronic controller or positioner. Actuators shall have 
Brushless DC motor technology and be protected from overload at all angles of 
rotation. Actuators shall have reversing switch and manual override on the cover. 
Run time shall be constant and independent of torque. A 2 to 10 VDC feedback 
signal shall be provided for position indication.   


CC. Low leakage isolation dampers shall be constructed of aluminum air foil extrusions 
and epoxy coated.  Operators shall be 2 position, spring return and shall have On-off 
spring return damper actuators that are direct coupled type which require no 
crankarm and linkage and be capable of direct mounting to a jackshaft. The 
actuators must be designed so that they may be used for either clockwise or 
counterclockwise fail-safe operation. Actuators shall have a manual positioning 
mechanism accessible on its cover. Actuators shall use a brushless DC motor and 
be protected from overload at all angles of rotation. Run time shall be constant and 
independent of torque. Auxiliary switches, 2 SPDT, shall be provided with one switch 
having the capability of being adjustable.  


DD. Vortex breakers shall be provided on all side inlet and multiple fan plenums. 


EE. A galvanized steel roof curb shall be provided to support the fans/plenums.  The curb 
shall be minimum 14 gauge and canted for rigidity in wind loads.  The curb shall 
include a rigid fiberglass liner and a wood nailer. 


FF. Acoustical Silencer Nozzle shall be designed as an integral component of the 
exhaust fan discharge nozzle and shall not increase the height of the overall 
assembly. Integral Acoustical Silencer Nozzle with a minimum of 12dBA insertion 
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loss.  Lining the interior of the windband is not an acceptable method of attenuation 
due to line of site sound in the free area between the nozzle and windband. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Coordinate motor starters with Division 26 and controls contractor. 


B. Install in accordance with manufacturer's instructions. 


C. Examine site to verify if site is ready to receive work.  Provide layout drawings of air 
handlers and fan locations to electrical installer. 


D. Install unit on vibration isolators. 


E. Install 3" flexible duct connection at inlets and outlets of units. 


F. Control installers shall install all wiring associated with control signals into the fan 
starters. 


G. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate 
with Division 26 work. 


3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify unit 
mounting, verify fan rotation, verify spring isolator adjustments, verify control wiring, 
verify power wiring, start-up the fans, and check for proper operation.  The service 
technician shall provide final adjustments to meet the specified performance 
requirements.  Fully staffed parts and service personnel shall be within four hours 
travel from the job site. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 1, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing 

		C. Section 230700:  Mechanical Insulation

		D. Section 230900:  Building Automation System (BAS) Controls

		E. Section 233113:  Air Distribution 

		F. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide air handling units that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Certifications:  Provide certified ratings of units based on tests performed in accordance with ARI 430, "Central-Station Air Handling Units."

		C. Codes and Standards:  Provide air handling units conforming to the requirements of the latest addition of the following:



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data for air handling units showing dimensions, weights, capacities, ratings, fan performance with operating point clearly indicated, motor electrical characteristics, and finishes of materials, installation instructions, sound and vibration test report, and bearing life calculations.

		B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, required clearances, field connection details and methods of support.  Draw to a scale of 1/4” per one foot.  Include field fabricated mixing boxes, dampers and duct connections.

		C. Maintenance Data:  Submit maintenance instructions, including instructions for lubrication, filter replacement, motor and drive replacement, and spare parts lists.  Include this data, product data, shop drawings, and wiring diagrams in operating and maintenance manuals.



		1.6 ENVIRONMENTAL REQUIREMENTS

		A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated, and fan has been test run under observation.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver unit to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect equipment and products against dirt, water, chemical, and mechanical damage.  Do not install damaged unit - remove from project site.



		1.8 WARRANTY

		A. Provide one-year (12 months) warranty.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.



		1.9 SAFETY PROVISIONS

		A. Provide all open drives and fan wheels subject to maintenance and potential entanglement with protective guards or screens meeting OSHA requirements.  





		PART 2 - PRODUCTS

		2.1 GENERAL FAN REQUIREMENTS

		A. Construction, Rating and Testing:  Provide fans constructed and factory tested in accordance with the Air Moving and Conditioning Association (AMCA).  All fan wheels shall be statically and dynamically balanced.  Size and capacity as indicated on the Drawings.  Provide extended bearing lubrication fittings where necessary to assure accessibility of all lubrication points.

		B. Motors and Drives:  Provide premium efficiency drip�proof motors with temperature rise not greater than 40 degrees C above ambient temperature.  Provide belt drive assembly capable of 150% of the motor rated horsepower on one less than the total number of belts, for belt drives with two or more belts.  All drives shall have adjustable sheaves to allow adjustment of ±20%.  Provide two speed, two winding motors where indicated on schedules.

		C. Accessories:  Provide, as indicated on the Drawings and specified in other paragraphs of this Section, all related accessories to match the fan section, including access sections, diffusion sections, transition sections, flexible connections, vibration eliminators, and belt guards.

		D. Submissions:  For shop drawings include complete dimensional and physical data, CFM, SP, HP, discharge arrangement, rotation, class, base details, and fan curves.



		2.2 SPUN ALUMINUM AND STEEL HOUSED CENTRIFUGAL EXHAUST FANS 

		A. Manufacturer:  Models as scheduled manufactured by Greenheck, Carnes, Cook, Penn, Twin City or approved equal. 

		B. General Duty Spun Aluminum Exhaust Fan  

		C. Upblast Spun Aluminum Exhaust Fan for Roof



		2.3 ROOF MOUNTED SUPPLY FANS  (HOOD AND LOUVERED STYLE)

		A. Manufacturers:  Greenheck, Carnes, Cook, Penn, Twin City or approved equal. 

		B. Roof mounted, non-tempered, filtered, make-up air units shall be of the belt-driven, double width/double inlet, forward curved, or backward inclined centrifugal blower type. 

		C. Non-Louvered Hood Style:  the hood shall be constructed of heavy gauge galvanized steel and adequately sized to prevent rain and snow from entering the building. The cover shall be constructed of heavy gauge galvanized steel, removable for service and insulated to prevent condensation.

		D. Louvered Model - hood construction shall be of heavy gauge extruded aluminum louvers with mitered and welded corners. 

		E. Hoods shall include an insulated aluminum cover hinged for access.  Hood bases shall have prepunched mounting holes.

		F. Permanent washable 1 inch aluminum filters shall be provided. 

		G. Fan wheels shall be of the forward curved type, constructed of heavy gauge steel, and statically and dynamically balanced to ensure smooth, vibration free operation. 

		H. Motors shall be permanently lubricated, heavy duty, ball bearing type carefully matched to the fan load and furnished at the specified voltage, phase and enclosure. 

		I. Drive Components:  The fan shaft shall be ground and polished steel mounted in heavy duty, sealed ball bearings. Bearings shall be selected for a minimum (L50) life in excess of 200,000 hours at maximum cataloged operating speeds. Pulleys shall be of the fully machined cast iron type, keyed and securely attached to the wheel and motor shafts. Motor sheaves shall be adjustable for final system balancing. Drives shall be sized for a minimum of 150% of driven horsepower. 

		J. The entire fan and motor assembly shall be mounted on vibration isolators to prevent noise transmission. 

		K. Fans shall bear the AMCA Certified Ratings Seal for air performance.



		2.4 SMALL CABINET FANS (CEILING MOUNTED AND INLINE CABINET)

		A. Ceiling mounted exhaust fans:

		B. Duct mounted cabinet fan:



		2.5 LARGE BELT DRIVEN CABINET FANS

		A. Manufacturer:  Greenheck BCF, Cook, Penn, Carnes, Twin City or approved equal.

		B. Duct mounted supply, exhaust or return fans shall be of the centrifugal, belt driven in-line type.

		C. Housing:  The fan housing shall be of the rectangular design constructed of heavy gauge galvanized steel and shall include rectangular duct mounting collars. A hinged or removable panel shall be provided in the fan cabinet of sufficient size to permit access for service to all of the fan’s internal components without dismantling the cabinet.

		D. The fan wheel shall be of the galvanized steel, forward curved, centrifugal type. Wheels shall be dynamically and statically balanced. The wheel shaft shall be ground and polished steel mounted in permanently sealed pillow block bearings.

		E. Drives shall be sized for a minimum of 150% of driven horsepower. Pulleys shall be of the machined cast iron type, keyed and securely attached to the wheel and motor shafts. The motor pulleys shall be adjustable for final system balancing.

		F. Motors shall be of the heavy duty type with permanently sealed ball bearings.

		G. All fans shall bear the AMCA Certified Ratings Seal for air performance.

		H. Options:



		2.6 HOUSED CENTRIFUGAL FANS 

		A. Utility Set



		2.7 MIXED-FLOW INDUCED DILUTION FANS (FOR LABORATORY EXHAUST):

		A. Manufacturer:  Greenheck or equal.

		B. Impellers shall be mounted directly to the motor shaft to provide Arrangement 4 Direct Drive.  Motors shall be isolated from the primary exhaust air stream and shall be visible and accessible from the fan exterior for inspection and service. Models that are not Arrangement #4 will be rejected.

		C. Mixed flow impellers shall consist of combination axial/backward curved blades and shall be of welded steel construction.  The impellers shall have non-stall and non-overloading performance characteristics with aerodynamically stable operation at any point on the fan curves.

		D. Fan Performance shall be as stated on the schedule.  The Static Pressure stated on the schedule shall be at the inlet to the “Fan System” and does not include any losses of equipment provided by the fan manufacturer (ie: HRU, Filters, Silencers, etc…).  All losses for the equipment provided by the fan manufacturer shall be detailed in the fan manufacturers technical proposal and or submittal.

		E. Fan and all drive components shall have a combined bearing life of a minimum of L10 = 150,000 hours.

		F. Maintenance shall only be required on a minimum of 18 month intervals.  This maintenance shall be limited to re-greasing of the motor bearings.

		G. Stationary discharge guide vane sections shall be provided to increase fan efficiencies.

		H. Fan dynamic balance not to exceed 0.5 mil, peak-to-peak for nominal 900RPM, 1200RPM, and 1800RPM fans, or 0.055 in/sec -peak for 1800 RPM, 0.035 in/sec — peak for 1200 RPM, and 0.030 in/sec-peak for 900 RPM fans measured at the blade pass area when operating at fan frequency. Vibration isolation shall be limited to rubber-in-shear pad type isolators unless otherwise specified.

		I. Factory test reports detailing vibration levels at the blade pass area shall be provided. Vibration levels shall be reported in both the axial and radial direction. If fan vibration is greater than 0.5 mils peak-to-peak at the blade pass area, fan manufacturer shall be responsible for providing vibration isolators on each fan and flexible connection at each duct inlet. Manufacturer shall add 0.5" additional static pressure to the fan system to compensate for losses through the flexible connection. Vibration isolators, 2” deflection seismic rated spring, must be installed on each individual fan with a minimum of four per fan.  In addition, fan manufacturer shall be responsible for providing a method to repair or replace flexible connection or vibration isolators without shut down of the fan system. This includes any engineering, additional ductwork, and isolation dampers required to perform repairs while the system is still fully operational. Fan manufacturer shall also provide labor to change out or repair flexible connection and vibration isolators for a seven (7) year period from shipment.

		J. If a belt drive fan is supplied the fan manufacturer shall include a seven (7) year �service contract for maintaining the belts, sheaves and drive mechanism. This is to include monthly inspections as noted in the ANSI Z9.5, 4.14.7.2 and any tensioning, and belt replacement during the seven (7) year period. This contract shall be detailed in the proposal and included in its total value.

		K. Fan assemblies shall be designed for mounting on conventional roof curb without the need for guy wire supports.

		L. Discharges shall include twin FRP nozzles with passive third central stacks that are capable of generating aspiration.  The FRP shall be chemically and UV resistant.

		M. Entrainment windbands shall provide secondary induction of outside air.  Induction shall take place downstream of the fan impeller and shall not influence BHP or static pressure requirements.  Windbands shall discharge up to 270% of the design flow rates.  The manufacturer shall publish discharge volumes for all fans at specified primary exhaust flow.

		N. Fan shall be constructed to AMCA “C” standards per AMCA 99 with a non-ferrous inlet bell provided in order to reduce sparking in the event of a motor bearing failure.

		O. Fans shall be modular construction and capable of being assembled on the roof.

		P. Chemical resistant gaskets shall be provided at all companion flanged joints.

		Q. Fasteners shall be 316 stainless steel.

		R. A bolted access door shall be provided for impeller inspection on each fan.

		S. Fans and accessories shall have internal drain systems to prevent rain water from entering building duct system.

		T. Electric motors shall be TEFC Mill & Chemical duty with a 1.15 service factor and an L10 bearing life of 150,000 hours.  Premium Efficient motors shall have regreasable bearings with grease relief fittings in every NEMA frame.  Fan motors shall be C-Face and foot mounted.  

		U. Extended motor lube lines of Teflon tubing covered with braided stainless steel shall be provided. Extended lube lines shall be mounted to a bracket located on the fan housing with grease relief fittings on each line.

		V. A NEMA 3R non-fused disconnect switch shall be provided, mounted and wired to the motor.

		W. All steel and aluminum surfaces components within the airstream that are not stainless steel or fiberglass must be surface prepped by abrasive blast clean to SSPC-SP10. Chemically cleaning of these components as a form of surface preparation is not acceptable.  These components must be coated with a high solids epoxy with low VOC chemical resistant barrier coating epoxy.  The coating system, a total thickness of up to 12 mils, is not affected by the UV component of sunlight (does not chalk), and has superior corrosion resistance to acid, alkali, and solvents. Coating system shall exceed 7000 hour ASTM B117 Salt Spray Resistance. Standard finish color to be gray. All coatings that include a zinc rich epoxy primer are strictly prohibited.  Zinc coatings react with alkalis and acids, thus causing premature failure of the coating system and should never be used for laboratory applications.   

		X. The fan supplied must meet the system exhaust CFM and the motor BHP shall not be larger than that shown on the fan schedule. If the BHP is larger than that shown then the fan manufacturer shall provide money for the additional energy cost for a seven (7) year period. The cost shall be $7,530.00 per BHP greater than that shown in the schedule. The fan manufacturer shall also provide any additional money required for wiring changes or any other changes required for installation of the equipment.  These additional charges shall be detailed on the proposal and include in its total value.

		Y. Fan and Mixing Box systems supplied by the manufacturer must have a foot print as shown on the drawings / schedule.  Exhaust systems with larger footprints shall not be acceptable.

		Z. The static pressure shown on the schedule is based on the static pressure requirements at the inlet to the mixing box.  Any system deviating from the basis of design shall include and detail in their proposal additional losses for flexible connectors, fan losses, elbows, mixing box, etc. that are not included in their fan curves.  In addition any deviation from the basis of design shall be subject to requirements stated in sections 1.3.2, 2.1.8 and 2.1.23.

		AA. Inlet mixing plenums shall be provided by the fan manufacturer.  Each plenum shall be sized to support the weight and performance requirement of the number of fans listed on the schedule.  Multiple fan plenums shall be insulated double wall construction with structural stiffeners.  Double wall plenums shall have an overall minimum wall thickness of 1.5” and the insulation shall have a minimum R value of 4.34.  Outer skin of double wall plenums shall be coated 12Ga Galvaneal steel.  Inner skin shall be uncoated 18Ga 304 stainless steel.  Multiple fan plenums shall be able to withstand a minimum of 12 in. w.g. of negative pressure.    All plenums shall be capable of supporting the fan(s) without guy wires or supports.  The plenums shall include hinged access doors. The primary air inlets shall be located on the bottom or side as noted on construction drawings.  Unless otherwise specified, plenums shall be suitable for mounting on roof curbs. Safety screens shall be supplied over inlet of fan.

		BB. Bypass dampers shall be provided with all mixing plenums for outside air with primary exhaust.  Bypass damper(s) shall be sized to bypass the airflow capacity of one fan at the required static pressure of the system.  Dampers will be opposed blade low leakage air foil control dampers with extended shaft for connection to an operator.  The dampers shall be all aluminum construction.  Rain hoods shall be provided with each damper.  The dampers shall be controlled by a 24v electric proportional control damper actuators shall be electronic direct-coupled type, which require no crankarm and linkage. Actuators must provide proportional damper control in response to a 2 to 10 VDC or, with the addition of a 500Ω resistor, a 4 to 20 mA control input from an electronic controller or positioner. Actuators shall have Brushless DC motor technology and be protected from overload at all angles of rotation. Actuators shall have reversing switch and manual override on the cover. Run time shall be constant and independent of torque. A 2 to 10 VDC feedback signal shall be provided for position indication.  

		CC. Low leakage isolation dampers shall be constructed of aluminum air foil extrusions and epoxy coated.  Operators shall be 2 position, spring return and shall have On-off spring return damper actuators that are direct coupled type which require no crankarm and linkage and be capable of direct mounting to a jackshaft. The actuators must be designed so that they may be used for either clockwise or counterclockwise fail-safe operation. Actuators shall have a manual positioning mechanism accessible on its cover. Actuators shall use a brushless DC motor and be protected from overload at all angles of rotation. Run time shall be constant and independent of torque. Auxiliary switches, 2 SPDT, shall be provided with one switch having the capability of being adjustable. 

		DD. Vortex breakers shall be provided on all side inlet and multiple fan plenums.

		EE. A galvanized steel roof curb shall be provided to support the fans/plenums.  The curb shall be minimum 14 gauge and canted for rigidity in wind loads.  The curb shall include a rigid fiberglass liner and a wood nailer.

		FF. Acoustical Silencer Nozzle shall be designed as an integral component of the exhaust fan discharge nozzle and shall not increase the height of the overall assembly. Integral Acoustical Silencer Nozzle with a minimum of 12dBA insertion loss.  Lining the interior of the windband is not an acceptable method of attenuation due to line of site sound in the free area between the nozzle and windband.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Coordinate motor starters with Division 26 and controls contractor.

		B. Install in accordance with manufacturer's instructions.

		C. Examine site to verify if site is ready to receive work.  Provide layout drawings of air handlers and fan locations to electrical installer.

		D. Install unit on vibration isolators.

		E. Install 3" flexible duct connection at inlets and outlets of units.

		F. Control installers shall install all wiring associated with control signals into the fan starters.

		G. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate with Division 26 work.



		3.2 MANUFACTURER'S START-UP SERVICES

		A. The manufacturer shall provide start-up service in the form of a factory trained service technician.  The service technician shall verify correct installation, verify unit mounting, verify fan rotation, verify spring isolator adjustments, verify control wiring, verify power wiring, start-up the fans, and check for proper operation.  The service technician shall provide final adjustments to meet the specified performance requirements.  Fully staffed parts and service personnel shall be within four hours travel from the job site.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic Materials and Methods, and other Sections in 
Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Air filters and Associated Hardware 
2. Activated Carbon and Odoroxidant Media 
3. Air Filter Gauges 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 233113:  Air Distribution 


1.4 QUALITY ASSURANCE 


A. Codes and Standards: Provide products conforming to the requirements of the 
following: 
1. ASHRAE Standard 52.2-1999.   
2. Underwriters Laboratory: UL 900, UL 586 
3. NFPA Standard 90A 
4. UL Standard 867 and CSA Standard C22.2 No. 187-M19986 for electrostatic 


Air Cleaners 


B. Design Criteria 
1. Air flow not to exceed rated capacity 
2. Initial and final resistance not to exceed scheduled values. 


C. Filters for Schools and State Funded Buildings 
1. Air filters shall be of an approved type tested in accordance with CMC 


Chapter 17 (CMC Section 314.2). Pre-formed filters having combustible 
framing shall be tested as a complete assembly. 


2. Air filters in all occupancies shall be U.L. Class 2 or better, as defined in the 
test method above. 


3. Air filters shall be accessible for cleaning or replacement. 


1.5 SUBMITTALS 


A. Prior to construction, submit for approval on all materials and equipment. 
1. Manufacturer's name and catalog data 
2. Installation Data 
3. Capacities and Resistances 
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4. Materials of Construction 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect all products against dirt, water, chemical, and mechanical damage. 
 Do not install damaged products. Remove damaged materials from project site. 


PART 2 - PRODUCTS 


2.1 ACCEPTABLE MANUFACTURERS 


A. Filters:  Except where noted, Model numbers given throughout are listed for Eco-Air 
products.  
1. Eco-Air Products, Inc. 
2. American Air Filter 
3. Westates Carbon 
4. Farr 
5. Flanders 
6. Camfil-Farr 
7. Filtration Group 


B. Non-ionizing, polarized media electronic air cleaners 
1. Dynamic Air Quality Solutions  


C. Accessories 
1. Framing Modules - Eco-Air K-Trac, Filtration Group 
2. Air Filter Gages - Dwyer 
3. Metal Filters - Eco-Air Metal Masters 


2.2 FILTER CARTRIDGES 


A. Panel Filters - Construction grade 
1. Disposable Filters 
2. Fiberglass or polyester media and cardboard frames, completely disposable, 


thickness as scheduled. 
3. Permanent washable types not acceptable. 
4. U.L. Class 2 listed. 


B. Pleated Media Filters (ASHRAE Dust-spot Efficiency 25-30%) 
1. Filter media of a high-loft, reinforced, non-woven cotton/synthetic blend. 
2. Media support is continuously laminated to an expanded metal grid on the 


air leaving side.  
3. Radial wedge pleat design. 
4. Media frame is constructed from two pieces of die-cut high wet-strength 


carrier board. The frame is designed with diagonal and horizontal support 
members bonded to the media on the air entering and leaving sides. 


5. U.L. Class 2 listed. 


C. Pleated Media Filters (ASHRAE Dust-Spot Efficiency 50%) 
1. Filter media of high efficiency micro-fine glass fiber reinforced with a 


synthetic backing. 
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2. Media support is continuously laminated to an expanded metal grid on the 
air leaving side. 


3. Pleat design shall be a radial wedge pleat. 
4. The enclosing frame is constructed from moisture-resistant chipboard. 


Perforated steel support grilles are placed on the upstream and downstream 
sides. The entire unit is then sealed to insure a positive media-to-frame 
bond. 


5. U.L. Class 2 listed. 


D. Medium and High Efficiency Bag Filters 
1. Filter Construction 


a. Replaceable factory-assembled cartridges incorporating a 
fine-fibered all-glass medium encased in a non-woven backer mat 
material.  Filters up to 22" in depth shall be designed to operate in 
Variable Air Volume Systems. 


b. Provide cartridge frame with a gasket on the vertical sides to prevent 
leakage between the cartridges if installed in framing modules or 
side access housings. 


c. Open area on the cartridge face available for air passage: not less 
than 90 percent of the total face area. 


d. Flexible internal supports maintain individual pleats in a tapered form 
under rated airflow conditions. At any point, the size of the upstream 
and downstream air-passage are in exact proportion to the volume 
of unfiltered and filtered air being handled at that point. 


e. Each pocket shall be individually sewn with stringently regulated 
stitching to create a uniformly shaped channel. Each stitch line to be 
sealed with a thin thermoplastic bead to prevent air bypass. All 
pocket edges shall be finished with a 4-thread stitch to maintain 
maximum airflow and durability. 


f. U.L. Class 2 construction and so listed. 
2. Performance 


a. Initial and final resistance not to exceed the scheduled values. 
b. Media area must equal or exceed that of the specified products. 
c. Determine the average efficiency using the ASHRAE Standard 52.1 


Test Method using atmospheric dust. 
3. Test Report 


a. Submit an independent test laboratory report showing the pressure 
drop of the clean filter cartridge elements at flow rates from 75% to 
125% of the manufacturer's published rated capacity for the filter 
cartridge elements. 


b. Perform this test in an ASHRAE test duct system in accordance with 
the applicable portion of ASHRAE Standard 52.1. 


E. Medium and High Efficiency Rigid Filters (Separator Type U.L. Class 1) 
1. Filter Construction 


a. Totally rigid type, constructed by pleating a continuous sheet of 
moisture-resistant all-glass media into closely-spaced pleats with 
hemmed edge aluminum separators. 


b. Filter pack shall be sealed in a 24 gauge galvanized steel frame with 
fire-retardant urethane resin potting compound. 


c. Media area per 24x24x12 size filter shall be 91 square feet per 65% 
and 85% efficient filters and 116 square feet per 95% efficient filters. 


d. U.L. Class 1 construction and so listed. 
#R6908 (N) 
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F. Medium and High Efficiency Rigid Filters (Lofted Media Type U.L. Class 2) 
1. Filter Construction 


a. Totally rigid type with a lofted high-density microfine glass filter 
media laminated to a non-woven backing.  The media shall be 
supported by an expanded metal support grid bonded to the media 
to eliminate media oscillation.  Media finger supports shall be 
manufactured of an industrial strength board and be permanently 
installed on both air leaving sides, (4) per side. 


2. Enclosing Frame 
a. The enclosing frame shall be manufactured of 26 gauge galvanized 


steel and furnished with horizontal and diagonal support members to 
stabilize and protect the media pack. 


G. Non-ionizing, Polarized Media Electronic Air Cleaners  
1. Operation: The Air Cleaner shall have an active electrostatic field that 


polarizes a dielectric media. It shall not ionize airborne particles or produce 
ozone. 


2. Laboratory Testing Performance: Using the ASHRAE 52.2 protocol with 
carbon black in the test dust, the Air Cleaner shall test at MERV 13.  Using 
the ASHRAE 52.2-NC protocol (with no carbon in the loading dust), the Air 
Cleaner shall test at MERV 15.  As installed, it shall have a clean static 
pressure drop of less than 0.3” w.g. at 500 feet per minute and shall 
increase in resistance no more than 0.25” w.g. with a dust loading of 2,855 
grams.  It shall hold a total of 4,582 grams of dust at its final resistance of 
1.4” w.g. per 24x24 module.  Any substitute Air Cleaner must meet these 
MERV ratings, static pressures and loading characteristics.  The Air Cleaner 
manufacturer must provide testing from an approved ASHRAE test lab to 
verify MERV rating, operational and loading performance.  


3. Field Performance: The Air Cleaner manufacturer shall produce at least two 
documented installation references, including client contact information with 
the following criteria: 
a. Air Cleaners shall have operated continuously for a minimum of 2.5 


years with no pre-filtration and without media change and achieved 
an increase of less than .2 inches of static pressure at a face 
velocity of ~500fpm, in an urban environment.  Air cleaner 
installations must be greater than 10,000 cfm and serving office 
and/or hospital space. 


b. In an urban environment, Air Cleaners must have demonstrated the 
ability to achieve indoor ultra-fine particle and black carbon levels 
that are up to 94% lower than the concentrations in the air outside 
the building.  Outdoor air levels brought into in the building must be 
based on the ASHRAE Standard 62 Ventilation Rate Procedure. 


c. Air Cleaners shall have a documented ability to reduce TVOC levels 
by 50-60% in a single pass.  Air Cleaners must have already been in 
service for over 90 days.  Tests must be administered by an 
independent, third-party and readings must be taken immediately 
upstream and downstream of the Air Cleaning system over at least a 
24-hour period. 


4. Construction: The Air Cleaner modules shall consist of four or six individual 
Air Cleaner Panels that are nominally 1” in depth, arranged in V’s within the 
module.  The construction of the Air Cleaner frame and screens shall be 
aluminum, and the module side panels and attachment flanges shall be of 
galvanized steel.  The Air Cleaner  modules and each component thereof 
must have a positive seal where necessary to prevent bypass of unfiltered 
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air. 
5. Electronics: The high voltage powerheads shall require 24 volts AC input 


and have a 9.5kV DC output.  The powerheads must be fully potted and 
connected in parallel. 


6. Control Panel:  The 24VAC power supply must be a UL or CSA certified 
transformer, class “2” type, which shall permit one side of the secondary 
output (24V) to be attached to electrical ground. A Filter Minihelic gauge 
shall be installed in the Unit Control Panel (optional direct readout or signal 
tied into building automation). 


7. Filter Media: Each Air Cleaner shall have a disposable and recyclable media 
pad with a minimum of a class “2” fire rating.  It shall have a positive seal in 
the overall filter assembly. 


8. Configuration:  The Air Cleaners will be arranged in pre-fabricated module 
assemblies nominally 12” or 18” in height, of varying widths up to 48”, and 
24” in depth in direction of airflow. The number of modules and width shall 
be such that the face velocity thru the filter bank shall be no more than 550 
fpm. Dynamic.  Provide side or face load configuration system as indicated 
on air handler schedule.   Minimum requirements:  24” doors/access panels 
on both sides of filter section and 25” unobstructed upstream/downstream 
space in the filter section. 


9. Electrical Connection: The Air handler manufacturer shall provide a fully 
operational filter section for field connection and field electrical tie-in.  All 
24VAC electrical and control wiring integral to the Air Cleaner modules and 
Control Panel, including the access door interlocks, are to be provided by the 
Air Cleaner manufacturer for connection in the field or factory. All line voltage 
connections and wiring are the responsibility of the contractor. 


10. Maximum Allowable Static Pressure:  To minimize energy consumption, the 
AHU fan system has been designed for specific pressure drop through the 
Air Cleaning system. The fan system is designed for a maximum of 0.75" 
w.g when the filters are dirty. 


11. Construction and Start-up: If the AHU is operating during construction, the 
Air Cleaner bank shall be protected using roll or other media. These should 
be removed after 30 days from initial startup. 


12. Replacement Media (optional): The AHU manufacturer is responsible to 
purchase and store sufficient replacement filters so as not to exceed a total 
static pressure of 0.75” w.g (Matching #11 above) for a period of 4 years 
from final acceptance.  Material responsibility not to exceed total media 
changes of 6 times per year. 


13. Basis of Design:  Dynamic Air Quality Solutions Model V8 Air Cleaning 
System 


H. DOP rated and HEPA Filters 
1. Filter Construction 


a. Filter medium: all glass, water-proofed, so as to retain 50% of its 
tensile strength after being immersed in water. 


b. Filters to be constructed by pleating a continuous sheet of medium 
into closely spaced pleats with hemmed edge type aluminum 
separators. 


c. Adhesive sealer:  self-extinguishing rubber base. 
d. Filter frames: 16 gauge galvanized steel, assembled in a rigid 


manner. 
e. Over-all dimensions to be correct to within plus or minus 1/16" and 


squareness within 1/8". 
f. Where specified, furnish with tapered separators for lower initial 
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resistance and higher CFM capacity (Alpha 2000 High Capacity 
HEPA). 


2. Performance 
a. Filters 95%, 99.97%, 99.99% or 99.999% efficient as scheduled and 


individually tested and certified to have not less than this efficiency 
when tested with 0.3 micrometer DOP smoke. 


b. Filters 95% efficiency do not require individual testing. 
3. Basis of design: Eco-Air Alpha 95, Alpha Cell 99.97% through 99.999%, or 


Alpha 2000 high capacity. 


I. Panel Air Filters 
1. The side access filter cabinet shall match the air handler cabinet with similar 


construction and finish. Hinged access doors with positive-latching fasteners 
shall be provided at both ends of the housing. Sheet metal screws shall not 
be used. 


J. Extended Area Air Filters 
1. Holding frames and side access housings shall be provided under Section 


233113 by the filter manufacturer. 
2. The rooftop unit manufacturer shall install the holding frames or framing 


modules in the unit at the factory in strict accordance with Section 233113. 
3. Side access filter housings may be supplied by the central station air handler 


manufacturer if: 
a. The housing construction meets or exceeds that of the specified 


housing; and 
b. Such housings are offered as a standard product by the air handler 


manufacturer; and 
c. The housings provide equal or greater filter face area. 


2.3 MODULAR FRAMING SYSTEM (UPSTREAM OR DOWNSTREAM ACCESS) 


A. Medium and high efficient extended surface ASHRAE-rated filters shall be installed 
in extruded (mill finish) (anodized) aluminum framing modules factory-cut, 
pre-punched and packaged with all necessary stiffening members and thread cutting 
screws for field assembly into modules up to 12' high and 14' wide using only a 
screwdriver or socket wrench. 


B. The framing members shall be permanently gasketed with a reinforced nylon pile 
seal to prevent the bypass of unfiltered air. Each horizontal row of filters shall have a 
positive spring-loaded sealing device which will allow easy installation and removal of 
cartridges from either upstream or downstream access as specified and shall secure 
the seal between cartridges while the bank is in operation. 


C. A separate track shall be incorporated for 2" panel pre-filters (if desired or specified) 
which can be serviced from upstream without disturbing the final filters. 


D. Basis of design: Eco-Air K-Trac 


2.4 INDIVIDUAL HOLDING FRAMES FOR BUILT-UP BANKS 


A. Frames for panel filters 
1. 16 gauge (galvanized) (304 stainless) steel with filter sealing gaskets and 


fasteners. 
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2. Basis of design: Eco-Air Type 9 Holding Frame 


B. Frames for ASHRAE-rated Extended Area Filters 
1. 3 inches deep, 16 gauge (galvanized) (304 stainless) steel with gaskets and 


filter retaining clips to maintain a positive pressure seal between the frame 
and the replaceable filter element and matching rivet holes to facilitate 
installation. 


2. Provide frames with clips or other means to hold a 2" panel pre-filter if 
desired, removable without disturbing the final filter element. 


3. Basis of design: Eco-Air Type 9 Frame 


C. Frames for DOP-rated and HEPA Filters. 
1. 16 gauge (galvanized) (304 stainless) steel with filter retaining fasteners and 


matching rivet holes with depth to match the filter cartridges. 
2. Provide bolt type fasteners and flat-edge sealing surfaces. 
3. Basis of design: Eco-Air Model Alpha Frame 


2.5 SIDE ACCESS HOUSINGS, FACTORY ASSEMBLED 


A. Housings for 2", 4" or 6" Filters (Single Stage) 
1. Housing shall be factory manufactured of 16 gauge galvanized steel and 


reinforced to eliminate twisting or racking. 
2. 16 gauge access doors shall be gasketed along the periphery to maintain a 


proper seal. 
3. Filter track shall be aluminum extruded type and furnished with a 


polypropylene fin seal gasket. 
4. Basis of design: Eco-Air Surepleat 


B. Housing for ASHRAE-rated Extended Area Filters (Two Stage) 
1. Housing shall be manufactured of 16 gauge galvanized steel and reinforced 


with "Z" channel bracing. A standing flange on the air entering and air 
leaving side shall be furnished to facilitate installation. 


2. Provide access doors with continuous gasketing on the perimeter and 
positive locking latches with easy-grip knobs. Both pre-filter and final filter 
tracks to be extruded aluminum with polypropylene fin seal gasket to create 
a positive seal of the filter to the track. 


3. Provide factory-installed gasketing on the vertical sides of cartridges to 
prevent leakage between cartridges and between cartridges and doors. Filter 
cartridges must be capable of removal and loading through either access 
door. 


4. The leakage rate of the housing shall be less then .5% of air flow at 6.0" 
W.G. internal static pressure. 


5. Basis of design:  Eco-Air Sureseal Housing 


C. Housings for DOP-rated 95% and HEPA Filters 
1. Housing shall be fabricated of 14 gauge galvanized steel and shall be 


reinforced with bracing to assure total rigidity. It shall be equipped with 
standing flanges for ease of installation into duct work. 


2. Furnish with (4) spring-loaded bolt type clamps to secure each HEPA Filter. 
The design of the mounting surface and clamps shall be such to maintain a 
proper sealing integrity. 


3. All metal-to-metal joints shall be welded for leakproof tightness at + or -8" 
W.G. internal static pressure. 


4. Basis of design:  Eco-Air Surelock HEPA Housing 
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D. Carbon Filter Housings (Side Access) 
1. Housing shall be designed to hold total detention carbon trays in a "V" 


arrangement. 
2. Manufactured of 16 gauge galvanized steel and reinforced to eliminate 


racking of the housing once carbon trays have been installed. 
3. Furnish access doors on both sides of the housing. Doors to be gasketed to 


seal the trays and be furnished with positive seal latches and easy-grip 
knobs. 


4. Pre-filter tracks and carbon tray tracks shall be extruded aluminum with 
replaceable polypropylene pile gaskets to prevent air bypass. 


5. Basis of design: Eco-Air Surecarb Housings 


E. Carbon Adsorbers (Front Load) 
1. 24x24 and 12x24 adsorbers shall be constructed of 16 gauge galvanized 


steel and designed for front load filter bank applications. 
2. Molded plastic slider tracks to accept total detention carbon trays. 
3. Adsorber housing shall incorporate integral holding frames for particulate 


pre-filters and after filters. 
4. Basis of design: Eco-Air Model FLC 2000. 


2.6 GAS AND VAPOR PHASE CONTROL MEDIA AND TRAYS 


A. Activated Carbon Media 
1. HVAC grade virgin carbon granules, 4 x 6 mesh. 
2. Carbon tetrachloride (CTC) activity of 60 minimum with a ball abrasion 


hardness of 95 minimum per ASTM D-380. 
3. Ash content - 5% maximum per ASTM D-2866. 
4. Moisture content - 5% maximum by weight. 
5. Bulk density - .50 - .54 g/ml (31-34 #/cu. ft.) as packed. 
6. Media shall be loaded into trays by the vendor, but shall not be installed until 


immediately prior to beneficial occupancy and all paints and cleaning 
solvents are dry. 


7. Basis of design: Eco-Air activated carbon. 


B. Odoroxidant Media 
1. Impregnated activated alumina media with a U.L. Class 1 rating designed to 


remove gaseous vapors such as H2S, SO2m SO3, Ethylene (Olefins), 
Formaldehyde and Methy/Ethyl Mercaptans.  It also has the ability to adsorb 
and absorb products of Aldehydes, light organic vapors, organic acids and 
inorganic acids. 


2. Physical properties:   
a. Built in color indicator Purple 
b. Shape Spherical 
c. Mean Particle Diameter1/8" - 3/16" 
d. Moisture, Maximum15% w/w 
e. Bulk Density50 lbs/ft 
f. Active Ingredients Potassium Permanganate (KMnO4), 4% by 


weight,  
g. Inert Ingredients Alumina (AL2o3) 
h. U.L. Class 1 Rating Yes 


3. Basis of Design: Unisorb Mark 2 


C. Media Trays 
1. Constructed of non-corrosive high impact polystyrene with internal 
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separators and filled with HVAC grade virgin carbon media. 
2. Capable of being reloaded with fresh carbon in the field. 
3. Basis of design: Eco-Air FLC 2000-ATP. 


2.7 BAG-IN / BAG-OUT HEPA FILTER HOUSING UNIT 


A. General:  Stainless steel side access bag-in/bag-out filter housing with tapered round 
duct inlet/outlet, and isolation dampers suitable for exterior housing a pre-filter and 
HEPA filter. 


B. Manufacturer:  Flanders model BG1-4GGF-304-D3 or Camfill-Farr. 


C. Construction: 
1. 11 and 14 gage type 304 stainless steel. 
2. Housing shall be fully welded on all joints across pressure boundaries and 


built to with stand 20” wc. pressure. 
3. Access doors: removable access door for each filter.  A rubber lip shall 


effect a seal between the housing and the access door.  The filter locking 
mechanism and access door shall interface in such a manner that the door 
cannot be closed until the filters are correctly seated in the housing and 
sealed to the mounting frame. 


4. ID plate: provide manufacturer ID plate to facilitate re-order of critical 
replacement parts 


5. Manual pocket: provide metal pocket for storage of User manual. 
6. Inlet and Outlet:  air flow shall be linear and smooth.  Provide tapered round 


to rectangular sheet metal transitions from flanged inlet/outlet to filter bank. 
7. Filter locking mechanism: shall be a replaceable locking tray having 


approximate clamping load of 1400 lbs for a 24x24 filter.  All components 
shall be stainless steel. 


8. Bag-out Port:  each tier shall have a bag-out port inside the access door 
which shall be hemmed on its outer edges to prevent bag tear.  There shall 
be ribs to hold the bag’s elastic shock cord. 


9. Bag-out: shall be provided with a 8 mil. transparent PVC bag with elastic 
shock cord hemmed for a firm fit when stretched around bag-out port. 


10. Gasket seal: continuous flat surface on the sealing frame on the housing 
that mates with the continuous filter gasket. 


11. Testing: factory tested in accordance with ANSI-N509-1980 and ANSI-N510-
1980 


12. Required accessories: 
a. Round “bubble-tight” isolation dampers on inlet and outlet. Dampers 


shall have drilled flanges. 
b. Filter removal tray 
c. DOP test ports: (1) - Upstream injection port (shipped loose for 


Contractor field installation); (2)- test ports factory installed on door 
access side of housing upstream of filters; (1) sampling test port, 
downstream of filters.  Test ports to be stainless steel half couplings 
with brass hex plugs  


d. Filtered magnahelic gages, and gage tubing factor pre-installed. 
e. Rectangular-to-round stainless steel transitions from housing with  


Bubble-Tight dampers. 
f. Two spare sets of filter change-out bags and shock cords 
g. Two spare sets of HEPA and Pre-filters. 


D. Unit shall be certified prior to owner occupation, submit paper work to owner. 
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2.82.6 AIR FILTER GAGES 


A. Dial type, diaphragm-actuated with external zero adjustment and 3-7/8 inch diameter 
dial. 


B. With two (2) static pressure tips, 2-way valves, tubing and mounting plate (and 
adjustable signal flag). 


C. Range as recommended by filter manufacturer. 


D. Basis of design: Dwyer 2000 Series Magnehelic. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Filter Bank Construction 
1. Filter banks of individual holding frames: install leak tight and structurally 


sound to eliminate air bypass. 
2. Filter banks three filters high or higher: provide 3" wide 16 gauge 


(galvanized) (stainless) steel stiffeners between each vertical row of filters. 
Caulk frames before installing. After installation caulk any gaps appearing at 
the leading edge of the holding frames. Use DAP "Butyl Gutter and Lap 
Sealer."  After erection of the filter bank and careful caulking, tape the joints 
between filter frames on the downstream side with 1" duct tape. 


3. HEPA filter frames over 6" deep do not require stiffeners, only taping and 
caulking. HEPA filter frames must be bolted together; welding will not be 
acceptable. 


4. Framing modules require sealant and stiffening only between modules and 
around the periphery. 


B. Filter gages are to be installed across each filter bank, mounted where directed. One 
gage may serve immediately adjacent pre-filter/final filter banks. 


C. Temporary Pre-filters for Construction 
1. Protect all 40% or higher efficient filters upstream of air handling units during 


construction with temporary blankets of 2" polyester or fiberglass filter media 
or 2" disposable panel filters, U.L. Class 2 listed. 


2. Remove after air balancing and prior to acceptance. 
3. Provide a spare set of these temporary pre-filters or media and install them 


during construction if required per 3.04B. 


3.2 SPARE FILTERS 


A. Furnish one new complete spare set of cartridges for each filter bank listed below on 
completion and acceptance of the work: 
1. Medium and high efficient bag filters. 
2. Medium and high efficient rigid filters. 
3. DOP-rated 95% and HEPA filters. 


B. Install spare set in A. above only if and when directed. If not installed, deliver to 
owner in sealed carton. 
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C. Replace all panel filters which are not temporary pre-filters with a new set at job 
completion and furnish owner with an additional set in sealed cartons. 


D. Furnish owner with one set of spare trays loaded with carbon, if carbon housings or 
adsorbers are specified on this project. 


3.3 FIELD QUALITY CONTROL 


A. Filter cartridges shall be capable of easily being loaded and unloaded through 
access doors in the housings or access sections. 


3.4 START-UP PROCEDURE 


A. No fan shall be operated unless all particulate filters as specified (except gas phase 
filters) are installed, along with temporary pre-filter media as outlined in 3.01.C. 


B. When the pressure drop of the temporary media reaches 0.5" W.G. during 
construction, replace it with the spare set. If not used, deliver the spare set to the 
owner at job completion. 


C. Gas phase carbon trays shall not be installed until just prior to beneficial occupancy 
and all paint is dry and cleaning solvents are completely evaporated. Test and 
balance contractor shall allow for resistance of carbon trays in his work by simulating 
their resistance on the system. 


3.5 SCHEDULE 


A. See air filters scheduled on drawings for filter model numbers, CFM and sizing data. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 233113:  Air Distribution



		1.4 QUALITY ASSURANCE

		A. Codes and Standards: Provide products conforming to the requirements of the following:

		B. Design Criteria

		C. Filters for Schools and State Funded Buildings



		1.5 SUBMITTALS

		A. Prior to construction, submit for approval on all materials and equipment.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect all products against dirt, water, chemical, and mechanical damage.  Do not install damaged products. Remove damaged materials from project site.





		PART 2 - PRODUCTS

		2.1 ACCEPTABLE MANUFACTURERS

		A. Filters:  Except where noted, Model numbers given throughout are listed for Eco-Air products. 

		B. Non-ionizing, polarized media electronic air cleaners

		C. Accessories



		2.2 FILTER CARTRIDGES

		A. Panel Filters - Construction grade

		B. Pleated Media Filters (ASHRAE Dust�spot Efficiency 25�30%)

		C. Pleated Media Filters (ASHRAE Dust�Spot Efficiency 50%)

		D. Medium and High Efficiency Bag Filters

		E. Medium and High Efficiency Rigid Filters (Separator Type U.L. Class 1)

		F. Medium and High Efficiency Rigid Filters (Lofted Media Type U.L. Class 2)

		G. Non-ionizing, Polarized Media Electronic Air Cleaners 

		H. DOP rated and HEPA Filters

		I. Panel Air Filters

		J. Extended Area Air Filters



		2.3 MODULAR FRAMING SYSTEM (UPSTREAM OR DOWNSTREAM ACCESS)

		A. Medium and high efficient extended surface ASHRAE�rated filters shall be installed in extruded (mill finish) (anodized) aluminum framing modules factory�cut, pre�punched and packaged with all necessary stiffening members and thread cutting screws for field assembly into modules up to 12' high and 14' wide using only a screwdriver or socket wrench.

		B. The framing members shall be permanently gasketed with a reinforced nylon pile seal to prevent the bypass of unfiltered air. Each horizontal row of filters shall have a positive spring�loaded sealing device which will allow easy installation and removal of cartridges from either upstream or downstream access as specified and shall secure the seal between cartridges while the bank is in operation.

		C. A separate track shall be incorporated for 2" panel pre�filters (if desired or specified) which can be serviced from upstream without disturbing the final filters.

		D. Basis of design: Eco�Air K�Trac



		2.4 INDIVIDUAL HOLDING FRAMES FOR BUILT�UP BANKS

		A. Frames for panel filters

		B. Frames for ASHRAE-rated Extended Area Filters

		C. Frames for DOP�rated and HEPA Filters.



		2.5 SIDE ACCESS HOUSINGS, FACTORY ASSEMBLED

		A. Housings for 2", 4" or 6" Filters (Single Stage)

		B. Housing for ASHRAE-rated Extended Area Filters (Two Stage)

		C. Housings for DOP�rated 95% and HEPA Filters

		A. Carbon Filter Housings (Side Access)

		A. Carbon Adsorbers (Front Load)



		1.1 GAS AND VAPOR PHASE CONTROL MEDIA AND TRAYS

		A. Activated Carbon Media

		A. Odoroxidant Media

		A. Media Trays



		1.1 BAG-IN / BAG-OUT HEPA FILTER HOUSING UNIT

		A. General:  Stainless steel side access bag-in/bag-out filter housing with tapered round duct inlet/outlet, and isolation dampers suitable for exterior housing a pre-filter and HEPA filter.

		A. Manufacturer:  Flanders model BG1-4GGF-304-D3 or Camfill-Farr.

		A. Construction:

		A. Unit shall be certified prior to owner occupation, submit paper work to owner.



		2.6 AIR FILTER GAGES

		A. Dial type, diaphragm�actuated with external zero adjustment and 3�7/8 inch diameter dial.

		B. With two (2) static pressure tips, 2�way valves, tubing and mounting plate (and adjustable signal flag).

		C. Range as recommended by filter manufacturer.

		D. Basis of design: Dwyer 2000 Series Magnehelic.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Filter Bank Construction

		B. Filter gages are to be installed across each filter bank, mounted where directed. One gage may serve immediately adjacent pre-filter/final filter banks.

		C. Temporary Pre-filters for Construction



		3.2 SPARE FILTERS

		A. Furnish one new complete spare set of cartridges for each filter bank listed below on completion and acceptance of the work:

		B. Install spare set in A. above only if and when directed. If not installed, deliver to owner in sealed carton.

		C. Replace all panel filters which are not temporary pre-filters with a new set at job completion and furnish owner with an additional set in sealed cartons.

		A. Furnish owner with one set of spare trays loaded with carbon, if carbon housings or adsorbers are specified on this project.



		3.3 FIELD QUALITY CONTROL

		A. Filter cartridges shall be capable of easily being loaded and unloaded through access doors in the housings or access sections.



		3.4 START�UP PROCEDURE

		A. No fan shall be operated unless all particulate filters as specified (except gas phase filters) are installed, along with temporary pre-filter media as outlined in 3.01.C.

		A. When the pressure drop of the temporary media reaches 0.5" W.G. during construction, replace it with the spare set. If not used, deliver the spare set to the owner at job completion.

		A. Gas phase carbon trays shall not be installed until just prior to beneficial occupancy and all paint is dry and cleaning solvents are completely evaporated. Test and balance contractor shall allow for resistance of carbon trays in his work by simulating their resistance on the system.



		3.5 SCHEDULE

		A. See air filters scheduled on drawings for filter model numbers, CFM and sizing data.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic Materials and Methods, and other Sections in 
Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Self-supporting high temperature chimney, and breechings, including all 


fittings, structural supports, fastenings, bracing, sealant, shop and field 
painting, clean-outdoors, ventilated wall, floor or roof thimbles, flashing, rain 
hood, guy wires, seismic restraints and any related items. 


2. Double wall Type B gas vent pipe and fittings including supports, fastenings, 
bracing, draft hood connector, sealant, rain cap, ventilated wall, floor or roof 
thimbles, flashing, guy wires, seismic restraints and any related items. 


3. Steel gas vent, including all fittings, structural supports, fastenings, bracing, 
sealant, shop and field painting, roof terminations, flashing, wall 
terminations, guy wires, seismic restraints and any related items. 


4. Calculations and details for vent sizing, seismic and thermal expansion 
design and associated details. 


5. Calculations and details for the engine generator and/or fire pump discharge 
from the silencer/muffler/precipitator to the final termination point. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Division 07:  Thermal and Moisture Protection.  For coordination of roof curbs, 
supports and roof penetrations. 


B. Section 230500:  Basic Materials and Methods 


C. Section 235200:  Heat Generation  


D. Section 235113:  Draft Control Devices.  For induced draft and mechanical fans and 
for motorized and barometric dampers. 


1.4 SUMMARY 


A. This Section includes the following: 
1. Listed single wall vents 
2. Listed double wall vents. 
3. Listed, refractory-lined breechings and stacks. 
4. Field-fabricated metal breechings and chimneys. 
5. Listed grease ducts. 


1.5 SUBMITTALS 
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A. Provide product data for the following: 
1. Chimney liners. 
2. Type B and BW vents. 
3. Type L vents. 
4. Special gas vents. 
5. Building-heating-appliance chimneys. 


B. Submit certified dimensioned shop drawings, construction details, mounting details, 
hardware and accessories: 
1. Detail equipment assemblies and indicate dimensions, weights, required 


clearances, methods of field assembly, components, and location and size 
of each field connection. 


2. Submit seismic support and restraint calculations stamped and signed by a 
licensed structural engineer. 


C. Provide manufacturer chimney and vent draft calculations.  Certify that the 
calculations are based on actual jobsite conditions and are coordinated with 
“released-for-construction” equipment submittal data, and that the complete stack 
and breeching systems stack draft range at equipment outlets are within the 
equipment manufacturer’s recommended range. 


1.6 QUALITY ASSURANCE 


A. Source Limitations: Obtain listed system components through one source from a 
single manufacturer. 


B. The venting system shall develop a positive flow adequate to exhaust flue gases to 
the atmosphere without condensation within the vent or flue gas spillage.  The 
design shall compensate for thermal expansion. 


C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code--Steel," for hangers and supports and AWS D9.1/D9.1M, 
"Sheet Metal Welding Code," for shop and field welding of joints and seams in vents, 
breechings, and stacks. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged components. Remove damaged products from project site. 


1.8 WARRANTY 


A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of venting system that fail in materials or workmanship 
within specified warranty period. Failures include, but are not limited to, structural 
failures caused by expansion and contraction. 
1. Warranty Period:  10 years from date of Certificate of Occupancy. 


PART 2 - PRODUCTS 


2.1 LISTED TYPE B AND BW VENTS 
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A. Description: Double-wall metal vents tested according to UL 441 and rated for 480⁰F 


(248⁰C) continuously for Type B, or 550⁰F (288⁰C) continuously for Type BW; with 


neutral or negative flue pressure complying with NFPA 211. 


B. Construction: Inner shell and outer jacket separated by at least 1/4” (6 mm) airspace. 


C. Inner Shell: ASTM B 209 aluminum or stainless steel construction with a minimum 
wall thickness of 0.012”. 


D. Outer Jacket: Galvanized, aluminized steel or stainless steel. 


E. Vent shall be installed and supported in accordance with the UL Listing, 
manufacturer’s recommendations and using manufacturer-supplied components. 


F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly.  Termination shall be designed to 
exclude minimum 98 percent of rainfall. 


G. Manufacturers: Amerivent, Ecco, M&G DuraVent, Selkirk-SuperPro, or equal. 


2.2 LISTED TYPE L VENTS 


A. Description: Double-wall metal vents tested according to UL 641 and rated for 570⁰F 


(300⁰C) continuously, or 1700⁰F (926⁰C) for 10 minutes; with neutral or negative flue 


pressure complying with NFPA 211. 


B. Construction: Inner shell and outer jacket separated by at least 1” airspace, or filled 
with high-temperature, mineral wool insulation. 


C. Inner Shell: ASTM A 666 Type 304, Type 316 or Type 444 stainless steel with a 
minimum wall thickness of 0.012”. 


D. Outer Jacket: Galvanized, aluminized steel or stainless steel. 


E. Vent shall be installed and supported in accordance with the UL Listing, 
manufacturer’s recommendations and using manufacturer-supplied components. 


F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly.  Termination shall be designed to 
exclude minimum 98 percent of rainfall. 


G. Manufacturers: M&G Dura-Vent, Selkirk-Heatfab, Simpson, or equal. 


2.3 LISTED SPECIAL GAS VENTS 


A. Description: Double wall metal vents tested according to UL 1738 and rated for 
480⁰F (248⁰F) continuously, with positive or negative flue pressure complying with 


NFPA 211. 
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B. Construction: Inner shell and outer jacket separated by at least 1” airspace. 


C. Inner Shell: ASTM A 959 Type AL29-4C stainless steel or Type 316L stainless steel. 


D. Outer Jacket: Aluminized steel or stainless steel. 


E. Vent shall be installed and supported in accordance with the UL Listing, 
manufacturer’s recommendations and using manufacturer-supplied components. 


F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, 
adjustable roof flashings, storm collars, support assemblies, thimbles, firestop 
spacers, and fasteners; fabricated from similar materials and designs as vent-pipe 
straight sections; all listed for same assembly.  Termination shall be designed to 
exclude minimum 98 percent of rainfall. 


G. Manufacturers: Enervex, Security Chimneys International, Selkirk-Heatfab, or equal. 


2.4 GUYING AND BRACING MATERIALS 


A. Cable:  Multiple galvanized, stranded wires of the following thickness: 
1. Minimum Size:  1/4” (6mm) in diameter. 
2. 5/16” (8 mm) for vent ID sizes 4” to 15” (100 to 381 mm). 
3. 3/8” (9.5 mm) for vent ID sizes 18” to 24” (457 to 610 mm). 


B. Angle Iron:  Galvanized steel, minimum 2” by 2” by 1/4” (50 by 50 by 6 mm). 


PART 3 - EXECUTION 


3.1 APPLICATION 


A. Listed Type B and BW Vents: Vents for certified gas appliances (Category I and II). 


B. Listed Type L Vent: Vents for low-heat appliances (Category I). 


C. Listed Special Gas Vent: Condensing gas appliances (Categories II and IV).  Or, 
non-condensing gas appliances with positive pressure in the flue (Category III). 


3.2 INSTALLATION OF LISTED VENTS AND CHIMNEYS 


A. Comply with UL Listing, Product Listing, Local Codes, Mechanical Code, NFPA 211, 
or Product Installation Requirements, whichever is most stringent. 


B. Roof penetrations shall be suitable for the roof construction shown and shall follow 
the manufacturer’s installation instructions and local codes. 


C. Coordinate exact dimensions and other requirements of floor, roof, wall, and partition 
penetrations with all other sub-contractors. 


D. Whenever pressure relief valves are required, install where indicated on the 
drawings and where human contact is avoided and away from combustible 
materials. 


E. Seal between sections of positive-pressure vents and grease exhaust ducts 



http://www.specagent.com/LookUp/?uid=123456830503&mf=04&src=wd
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according to manufacturer's written installation instructions, using sealants 
recommended by manufacturer. 


F. Support vents at intervals recommended by manufacturer to support weight of vents 
and all accessories, without exceeding appliance loading. 


G. Lap joints in direction of flow. 


H. When applicable, for appliances with more than 83 percent efficiency, slope 
breechings down in direction of appliance, with condensate drain connection at 
lowest point piped to nearest drain. 


3.3 CLEANING 


A. After completing system installation, including outlet fittings and devices, inspect 
exposed finish.  Remove burrs, dirt, and construction debris and repair damaged 
finishes. 


B. Clean breechings internally, during and after installation, to remove dust and debris.  
Clean external surfaces to remove welding slag and mill film.  Grind welds smooth 
and apply touchup finish to match factory or shop finish. 


C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not 
completed or connected to equipment. 


END OF SECTION 


 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this Section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Division 07:  Thermal and Moisture Protection.  For coordination of roof curbs, supports and roof penetrations.

		B. Section 230500:  Basic Materials and Methods

		C. Section 235200:  Heat Generation 

		D. Section 235113:  Draft Control Devices.  For induced draft and mechanical fans and for motorized and barometric dampers.



		1.4 SUMMARY

		A. This Section includes the following:



		1.5 SUBMITTALS

		A. Provide product data for the following:

		B. Submit certified dimensioned shop drawings, construction details, mounting details, hardware and accessories:

		C. Provide manufacturer chimney and vent draft calculations.  Certify that the calculations are based on actual jobsite conditions and are coordinated with “released-for-construction” equipment submittal data, and that the complete stack and breeching systems stack draft range at equipment outlets are within the equipment manufacturer’s recommended range.



		1.6 QUALITY ASSURANCE

		A. Source Limitations: Obtain listed system components through one source from a single manufacturer.

		B. The venting system shall develop a positive flow adequate to exhaust flue gases to the atmosphere without condensation within the vent or flue gas spillage.  The design shall compensate for thermal expansion.

		C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code--Steel," for hangers and supports and AWS D9.1/D9.1M, "Sheet Metal Welding Code," for shop and field welding of joints and seams in vents, breechings, and stacks.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged components. Remove damaged products from project site.



		1.8 WARRANTY

		A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components of venting system that fail in materials or workmanship within specified warranty period. Failures include, but are not limited to, structural failures caused by expansion and contraction.





		PART 2 - PRODUCTS

		2.1 LISTED TYPE B AND BW VENTS

		A. Description: Double-wall metal vents tested according to UL 441 and rated for 480⁰F (248⁰C) continuously for Type B, or 550⁰F (288⁰C) continuously for Type BW; with neutral or negative flue pressure complying with NFPA 211.

		B. Construction: Inner shell and outer jacket separated by at least 1/4” (6 mm) airspace.

		C. Inner Shell: ASTM B 209 aluminum or stainless steel construction with a minimum wall thickness of 0.012”.

		D. Outer Jacket: Galvanized, aluminized steel or stainless steel.

		E. Vent shall be installed and supported in accordance with the UL Listing, manufacturer’s recommendations and using manufacturer-supplied components.

		F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated from similar materials and designs as vent-pipe straight sections; all listed for same assembly.  Termination shall be designed to exclude minimum 98 percent of rainfall.

		G. Manufacturers: Amerivent, Ecco, M&G DuraVent, Selkirk-SuperPro, or equal.



		2.2 LISTED TYPE L VENTS

		A. Description: Double-wall metal vents tested according to UL 641 and rated for 570⁰F (300⁰C) continuously, or 1700⁰F (926⁰C) for 10 minutes; with neutral or negative flue pressure complying with NFPA 211.

		B. Construction: Inner shell and outer jacket separated by at least 1” airspace, or filled with high-temperature, mineral wool insulation.

		C. Inner Shell: ASTM A 666 Type 304, Type 316 or Type 444 stainless steel with a minimum wall thickness of 0.012”.

		D. Outer Jacket: Galvanized, aluminized steel or stainless steel.

		E. Vent shall be installed and supported in accordance with the UL Listing, manufacturer’s recommendations and using manufacturer-supplied components.

		F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated from similar materials and designs as vent-pipe straight sections; all listed for same assembly.  Termination shall be designed to exclude minimum 98 percent of rainfall.

		G. Manufacturers: M&G Dura-Vent, Selkirk-Heatfab, Simpson, or equal.



		2.3 LISTED SPECIAL GAS VENTS

		A. Description: Double wall metal vents tested according to UL 1738 and rated for 480⁰F (248⁰F) continuously, with positive or negative flue pressure complying with NFPA 211.

		B. Construction: Inner shell and outer jacket separated by at least 1” airspace.

		C. Inner Shell: ASTM A 959 Type AL29-4C stainless steel or Type 316L stainless steel.

		D. Outer Jacket: Aluminized steel or stainless steel.

		E. Vent shall be installed and supported in accordance with the UL Listing, manufacturer’s recommendations and using manufacturer-supplied components.

		F. Accessories: Tees, elbows, increasers, draft-hood connectors, terminations, adjustable roof flashings, storm collars, support assemblies, thimbles, firestop spacers, and fasteners; fabricated from similar materials and designs as vent-pipe straight sections; all listed for same assembly.  Termination shall be designed to exclude minimum 98 percent of rainfall.

		G. Manufacturers: Enervex, Security Chimneys International, Selkirk-Heatfab, or equal.



		2.4 GUYING AND BRACING MATERIALS

		A. Cable:  Multiple galvanized, stranded wires of the following thickness:

		B. Angle Iron:  Galvanized steel, minimum 2” by 2” by 1/4” (50 by 50 by 6 mm).





		PART 3 - EXECUTION

		3.1 APPLICATION

		A. Listed Type B and BW Vents: Vents for certified gas appliances (Category I and II).

		B. Listed Type L Vent: Vents for low-heat appliances (Category I).

		C. Listed Special Gas Vent: Condensing gas appliances (Categories II and IV).  Or, non-condensing gas appliances with positive pressure in the flue (Category III).



		3.2 INSTALLATION OF LISTED VENTS AND CHIMNEYS

		A. Comply with UL Listing, Product Listing, Local Codes, Mechanical Code, NFPA 211, or Product Installation Requirements, whichever is most stringent.

		B. Roof penetrations shall be suitable for the roof construction shown and shall follow the manufacturer’s installation instructions and local codes.

		C. Coordinate exact dimensions and other requirements of floor, roof, wall, and partition penetrations with all other sub-contractors.

		D. Whenever pressure relief valves are required, install where indicated on the drawings and where human contact is avoided and away from combustible materials.

		E. Seal between sections of positive-pressure vents and grease exhaust ducts according to manufacturer's written installation instructions, using sealants recommended by manufacturer.

		F. Support vents at intervals recommended by manufacturer to support weight of vents and all accessories, without exceeding appliance loading.

		G. Lap joints in direction of flow.

		H. When applicable, for appliances with more than 83 percent efficiency, slope breechings down in direction of appliance, with condensate drain connection at lowest point piped to nearest drain.



		3.3 CLEANING

		A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.

		B. Clean breechings internally, during and after installation, to remove dust and debris.  Clean external surfaces to remove welding slag and mill film.  Grind welds smooth and apply touchup finish to match factory or shop finish.

		C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not completed or connected to equipment.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic Materials and Methods, and other Sections in 
Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Draft fans to induce flue gas combustion discharge and product conveyance. 
2. Booster fans to induce exhaust flow. 
3. Dampers to control combustion processes. 
4. Calculations and details for vent sizing and mass flow. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic Materials and Methods 


B. Section 235200:  Heat Generation  


C. Section 235100: Breechings, Chimneys, and Stacks.  For flue and stack materials 
and construction methods. 


1.4 SUMMARY 
1. Vent exhaust fans. 







SAN DIEGO STATE UNIVERSITY SECTION 235113 
EIS COMPLEX DRAFT CONTROL DEVICES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 235113 - 2 McParlane & Associates, Inc. 


 
This is an allowance for the Domestic HW Heaters and should be provided if 
calculations determine that fan(s) are necessary. 


1.5 SUBMITTALS 


A. Provide product data for the following: 
1. Vent exhaust fans.  


This is an allowance for the Domestic HW Heaters and should be provided if 
calculations determine that fan(s) are necessary. 


B. Submit certified dimensioned shop drawings, construction details, mounting details, 
hardware and accessories: 
1. Detail equipment assemblies and indicate dimensions, weights, required 


clearances, methods of field assembly, components, and location and size 
of each field connection. 


2. Submit seismic support and restraint calculations stamped and signed by a 
licensed structural engineer. 


3. Wiring diagrams showing power, signal and control wring. 


C. Operation and Maintenance Data:  For draft control devices to include in emergency, 
operation, and maintenance manuals. 


D. Provide manufacturer vent draft calculations.  Certify that the calculations are based 
on actual jobsite conditions and are coordinated with “released-for-construction” 
equipment submittal data, and that the complete vent and stack systems draft range 
at equipment outlets are within the equipment manufacturer’s recommended range. 


1.6 QUALITY ASSURANCE 


A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
NFPA 70, Article 100, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged components. Remove damaged products from project site. 


1.8 WARRANTY 


A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to 
repair or replace components of venting system that fail in materials or workmanship 
within specified warranty period.  Failures include, but are not limited to, structural 
failures caused by expansion and contraction. 
1. Warranty Period:  10 years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 VENT EXHAUST FANS 
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A. Comparable product by one of the following manufacturers: 
1. Enervex 
2. Field Controls 
3. Tjernlund 
4. Or equal 


B. General:  Centrifugal fan with constant-speed/variable-speed control mounted at end 
of vent for sidewall or vertical termination as required. 


C. Test Standard:  UL 378. 


D. Fan Construction:  Cast-aluminum, galvanized-steel or stainless-steel housing and 
components, as required by the product conveyance, and painted the manufacturer's 
standard color of baked enamel.  Galvanized or stainless-steel vent.  Cast-aluminum 
or stainless-steel wheel.  Backward-inclined centrifugal or axial fan wheel statically 
and dynamically balanced.  Provide access to clean the discharge area.  Provide 
concentric makeup air inlet duct surrounding the vent to allow zero clearance to 
combustibles. 


E. Motor:  Fully enclosed, inverter ready, permanent split capacitor, out of the airstream, 
with pre-lubricated and sealed ball bearings. 


F. Variable-Speed Controls:  Boiler interlock relay starts fan when burner control cycles 
on.  Pressure controller, control transformer, and miscellaneous controls for 
automatic modulation of fan speed to maintain preset negative pressure between 0” 
and 1.0” wg ( 0 and minus 249 Pa).  Include controller with indicator lights, pressure 
differential transmitter, chimney pressure sensor probe, and fan proving switch 
adjustable between minus 0.07” and minus 0.15” wg (minus 17 and minus 37 Pa).  
Include tubing. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Install listed components in a manner complying with the listing. 


3.2 CONNECTIONS 


A. Coordinate with Division 26 for wiring and grounding. 


3.3 ADJUSTING 


A. Set field-adjustable switches and controls as indicated. 


3.4 DEMONSTRATION 


A. Provide training to Owner's Representative to adjust, operate, and maintain draft 
control devices. 


3.5 CLEANING 


A. After completing system installation, clean devices of all dirt and construction debris 
and repair damaged finishes. 
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END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this Section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic Materials and Methods

		B. Section 235200:  Heat Generation 

		C. Section 235100: Breechings, Chimneys, and Stacks.  For flue and stack materials and construction methods.



		1.4 SUMMARY

		1.5 SUBMITTALS

		A. Provide product data for the following:

		B. Submit certified dimensioned shop drawings, construction details, mounting details, hardware and accessories:

		C. Operation and Maintenance Data:  For draft control devices to include in emergency, operation, and maintenance manuals.

		D. Provide manufacturer vent draft calculations.  Certify that the calculations are based on actual jobsite conditions and are coordinated with “released-for-construction” equipment submittal data, and that the complete vent and stack systems draft range at equipment outlets are within the equipment manufacturer’s recommended range.



		1.6 QUALITY ASSURANCE

		A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged components. Remove damaged products from project site.



		1.8 WARRANTY

		A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of venting system that fail in materials or workmanship within specified warranty period.  Failures include, but are not limited to, structural failures caused by expansion and contraction.





		PART 2 - PRODUCTS

		2.1 VENT EXHAUST FANS

		A. Comparable product by one of the following manufacturers:

		B. General:  Centrifugal fan with constant-speed/variable-speed control mounted at end of vent for sidewall or vertical termination as required.

		C. Test Standard:  UL 378.

		D. Fan Construction:  Cast-aluminum, galvanized-steel or stainless-steel housing and components, as required by the product conveyance, and painted the manufacturer's standard color of baked enamel.  Galvanized or stainless-steel vent.  Cast-aluminum or stainless-steel wheel.  Backward-inclined centrifugal or axial fan wheel statically and dynamically balanced.  Provide access to clean the discharge area.  Provide concentric makeup air inlet duct surrounding the vent to allow zero clearance to combustibles.

		E. Motor:  Fully enclosed, inverter ready, permanent split capacitor, out of the airstream, with pre-lubricated and sealed ball bearings.

		F. Variable-Speed Controls:  Boiler interlock relay starts fan when burner control cycles on.  Pressure controller, control transformer, and miscellaneous controls for automatic modulation of fan speed to maintain preset negative pressure between 0” and 1.0” wg ( 0 and minus 249 Pa).  Include controller with indicator lights, pressure differential transmitter, chimney pressure sensor probe, and fan proving switch adjustable between minus 0.07” and minus 0.15” wg (minus 17 and minus 37 Pa).  Include tubing.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Install listed components in a manner complying with the listing.



		3.2 CONNECTIONS

		A. Coordinate with Division 26 for wiring and grounding.



		3.3 ADJUSTING

		A. Set field-adjustable switches and controls as indicated.



		3.4 DEMONSTRATION

		A. Provide training to Owner's Representative to adjust, operate, and maintain draft control devices.



		3.5 CLEANING

		A. After completing system installation, clean devices of all dirt and construction debris and repair damaged finishes.
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PART 1 - ENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing 


C. Section 230902:  Variable Frequency Drives (VFD)  


D. Section 233113:  Air Distribution 


E. Section 234100:  Air Filtration 


F. Division 26:  Electrical 


1.3 PERFORMANCE REQUIREMENTS 


A. Delegated Design:  Design vibration isolation and seismic-restraint details, including 
comprehensive engineering analysis by a qualified professional engineer, using 
performance requirements and design criteria indicated. 


B. Structural Performance:  Casing panels shall be self-supporting and capable of 
withstanding 133 percent of internal static pressures indicated, without panel joints 
exceeding a deflection of L/200 where "L" is the unsupported span length within 
completed casings. 


C. Seismic Performance:  Air-handling units shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the unit will remain in place without separation 


of any parts from the device when subjected to the seismic forces 
specified[ and the unit will be fully operational after the seismic event]." 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide air handling units that are the standard 
product of an equipment manufacturer regularly engaged in the production of such 
units who issues complete catalog information on such products.  Units shall not be 
fabricated by the Contractor. 


B. Certifications:  Provide certified ratings of units based on tests performed in 
accordance with ARI 430, "Central-Station Air Handling Units." 


C. Codes and Standards:  Provide air handling units conforming to the requirements of 
the latest addition of the following: 
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1. Air Movement and Control Association (AMCA):   
a. 99 - Standards Handbook 
b. 210 - Laboratory Methods of Testing Fans for Rating [Unit shall bear 


AMCA Certified Rating Seal] 
c. 300 - Reverberant Room Method for Sound Testing of Fans [Unit 


shall bear AMCA Certified Rating Seal] 
d. 301 - Methods for Calculating Fan Sound Ratings from Laboratory 


Test Data 
e. 500 - Test Method for Louvers, Dampers, and Shutters 


2. American National Standards Institute (ANSI): 
a. 9 - Load Ratings and Fatigue Life for Ball Bearings 
b. 11 - Load Ratings and Fatigue Life for Roller Bearings 
c. 900 - Test Performance of Air Filter Units 


3. Air-Conditioning, Heating and Refrigeration Institute (AHRI): 
a. 410 - Forced-Circulation Air-Cooling and Air-Heating Coils 
b. 430 - Central-Station Air-Handling Units 


4. American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE): 
a. 15 - Safety Code for Mechanical Refrigeration 


5. National Electrical Manufacturers Association (NEMA):  Except for motors, 
provide electrical components required as part of air handling units, which 
comply with NEMA Standards. 


6. National Fire Protection Association (NFPA):  Provide air handling unit 
internal insulation having flame spread rating not higher than 25 and smoke 
developed rating not higher than 50: 
a. (CEC) - California electrical Code 
b. 90A - Standard for the Installation of Air Conditioning and Ventilating 


Systems 
c. 90B - Standard for the Installation of Warm Air Heating and Air 


Conditioning Systems 
7. Sheet Metal and Air Conditioning Contractors' National Association, Inc.  


(SMACNA):  Comply with applicable SMACNA standards including "HVAC 
Duct Construction Standards - Metal and Flexible." 


8. Underwriters Laboratories, Inc. (UL):  Except for motors, provide electrical 
components required as part of air handling units, which have been listed 
and labeled by UL. 


9. Units shall be listed and labeled by either UL or ETL for air handler 
construction. 


1.5 PRODUCT SUBSTITUTIONS 


A. The Contractor shall certify the following items are correct when using substituted 
products other than those scheduled or shown on the drawings as a basis of design: 
1. The proposed substitution does not affect dimensions shown on drawings. 
2. The Contractor shall pay for changes to building design, including 


engineering design, detailing, structural supports, and construction costs 
caused by proposed substitution. 


3. The proposed substitution has no adverse effect on other trades, 
construction schedule, or specified warranty requirements. 


4. Maintenance and service parts available locally are readily obtainable for the 
proposed substitute. 


B. The Contractor further certifies function, appearance, and quality of proposed 
substitution are equivalent or superior to specified item. 
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C. The Contractor agrees that the terms and conditions for the substituted product that 
are found in the contract documents apply to this proposed substitution. 


1.6 ACTION SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for air handling units 
showing  
1. Dimensions and weights 
2. Cabinet material, metal thickness, finishes, insulation, and accessories.  
3. Fan including:  


a. Certified fan-performance curves with system operating conditions 
indicated. 


b. Certified fan-sound power ratings. 
c. Fan construction and accessories. 
d. Motor ratings, electrical characteristics, and motor accessories. 
e. Fan assembly vibration and balance test report.  


4. Certified coil-performance ratings with system operating conditions 
indicated. 


5. Retain both subparagraphs below if items are furnished as parts of air-
handling units. 


6. Dampers, including housings, linkages, and operators. 
7. Filters with performance characteristics. 


B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, 
required clearances, field connection details and methods of support.  Draw to a 
scale of one half inch to one foot.  Include field fabricated mixing boxes, dampers 
and duct connections. 


C. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, filter replacement, motor and drive replacement, and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in operating and 
maintenance manuals. 


1.7 INFORMATIONAL SUBMITTALS 


A. Seismic Qualification Certificates:  For air-handling units, accessories, and 
components, from manufacturer. 
1. Basis for Certification:  Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. 
2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity 


and locate and describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the 


certification is based and their installation requirements. 


B. Source quality-control reports. 


C. Field quality-control reports. 


1.8 ENVIRONMENTAL REQUIREMENTS 


A. Do not operate units for any purpose, temporary or permanent, until ductwork is 
clean, filters are in place, bearings lubricated, and fan has been test run under 
observation. 
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1.9 DELIVERY, STORAGE, AND HANDLING 


A. Deliver unit to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect unit against dirt, water, chemical, and mechanical damage.  Do not 
install damaged unit - remove from project site. 


1.10 WARRANTY 


A. Provide one-year (12 months) warranty from date of startup or 18 months from date 
of shipment, whichever occurs first.  The manufacturer’s warranty shall include parts 
and labor to provide factory authorized service. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Energy Labs, CES Group (Governair, Huntair, Venmar, Temtrol, Mammoth), Miller-
Picking, Buffalo Forge, Pace, Haakon Industries, Silent-Air, BASX Solutions, 
Unitech, or Air Enterprises.  By listing manufacturers it is not intended to imply that 
their standard construction is approved or that they are equal.  All manufacturers 
must meet, or exceed, minimum requirements of these specifications and all other 
standard or optional features provided by the scheduled basis of design air handler. 


2.2 GENERAL 


A. Any exceptions to the specifications must be clearly defined in the submittal process. 
The contractor shall be responsible for any additional expenses that may occur due 
to any exception made. 


B. Fabricate draw-thru or blow-thru type air handling units suitable for the scheduled air 
pressure operation as indicated. 


C. Fabricate units with: fan sections as noted; coil section(s); heat recovery sections, 
mixing section; filter section(s); access section(s); discharge plenum; bellmouth duct 
connections; variable frequency drives; dampers; lights and vestibules. Fabricate unit 
in split sections for field assembly if necessary. 


D. Vestibule piping requirements:  If shown on plans all piping located within the air 
handler vestibule is to be supported as specified.  Mechanical Contractor to 
coordinate with air handler supplier to insure that all supports are provided and that 
adequate structural reinforcement is provided within the air handler to accommodate 
the operational weight of the pipe supported.  The Mechanical Contractor is to 
provide the air handler manufacturer with an approved shop drawing indicating the 
location and weight of all equipment and the location of all piping and pipe 
penetrations located in the air handler vestibule prior to the design of the air handler 
by the manufacturer. 


E. Fans shall be selected for variable volume operation. The scheduled fan 
arrangement and unit configuration is the basis of selection.  Alternate configurations 
which are equal or smaller in size and weight, energy and acoustic performance will 
be considered.  Include information indicating pertinent differences, either positive or 
negative, to base design indicated on documents.  Unit component face velocity to 
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remain as designed to conserve motor horsepower.  The mechanical contractor and 
supplier shall bear all costs for redesign of mechanical, plumbing, electrical, 
structural, architectural and controls that may be associated with the revised 
configuration.  Provide analysis of unit power consumption for code compliance. 


F. Factory fabricate and test air handling units of sizes, capacities, and configuration as 
indicated and specified. 


G. All major components used to assemble air handling units with the exception of 
electrical devices, drives, bearings and controls shall be manufactured by the air 
handler manufacturer. 


H. Motors shall be inverter duty NEMA MG-1 premium efficiency TEFC type.  All wiring 
shall be routed to a single external junction box for each fan section.   See Section 
230902 for additional requirements. 


I. Filter section shall include space for face load or side access slide-in filters with 2" or 
4” pre-filters and 22" bag type final filters with an average efficiency of 85% per 
ASHRAE Standard 52-76 test. 


2.3 UNIT CASING 


A. Walls and roofs shall be constructed of 16 ga., G90 galvanized steel 4" thick panels. 
 The inner wall shall be a minimum of 22 ga., solid galvanized steel in all sections 
except fan inlet and fan section which may be perforated metal.  The wall panels 
shall be insulated with 4", 3.0 lbs/cu. ft rigid neoprene coated insulation.  All 
permanently joined flanged panel surfaces shall be sealed with an individual strip of 
1/8" x 3/8" tape sealer. Wall seams shall be turned inward to provide a clean flush 
exterior finish. All panel seams shall be sealed during assembly to produce an 
airtight unit. 


B. All panels shall be joined using bolts rather than sheet metal screws. 


C. All insulation edges shall be protected with metal lagging. Insulation systems using 
stickpins or adhesives are not acceptable. 


D. Stiffeners of angle steel shall be supplied as required to maintain casing deflection 
criteria of 1/200 at 1.5 times the working pressure. If panels cannot meet this 
deflection, additional internal reinforcing shall be added.   


E. Provide duct bellmouth fittings where dimensions allow.  Provide walk able grates 
over all duct floor penetrations, maximum pressure loss not to exceed 0.10-inches 
WC. 


F. Acoustical Performance: 
1. The housing shall have been tested for acoustical performance by an 


independent laboratory that is accredited. 
2. Test methods and facilities used to establish sound transmission loss values 


shall conform explicitly with the ASTM designation E90-85 and E413-73. 
a. Sound Transmission Loss DB ASTM E-90 & E413-73. 


 1 2 3 4 5 6 7 8 
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4" Walls 20 20 28 41 51 56 55 57 STC=40 
b. Test methods and facilities used to establish sound absorption 


values shall conform explicitly with the requirements of the ASTM 
Standard Test Method for Sound Absorption Coefficients by the 
Reverberation Method: ASTM C423-84A and E795-83. 


c. Sound Absorption ASTM C423-84A & E795-83. 


 1 2 3 4 5 6 7 8 


4" Walls .40 .65 1.38 1.28 1.09 1.05 1.02 1.02 NRC=1.20 
d. Submit lab report for approval. 


2.4 BASE CONSTRUCTION 


A. Units shall be constructed from structural steel C-channel around the perimeter of 
the unit with intermediate channel, angle or tube supports. 


B. Floor shall be flat, reinforced from below, with all seams continuously welded. OR 
Floor shall be 0.12” checker plate installed on the base.  Drive screw attachment and 
caulking are not acceptable. The base shall be provided with lifting lugs, a minimum 
four per unit section. The base shall be insulated tight to the floor with 4", 3.0 lbs/cu. 
ft fiberglass insulation.  The insulation is to be protected with 22 ga. solid galvanized 
steel liner if the unit floor is exposed in a suspended application.  Floors that "oil can" 
are not acceptable.  


C. Floor insulation shall be installed beneath the floor panels in the same manner as the 
wall and ceiling insulation. 


D. Condensate Drain Pans:   
1. Fabricated with two percent slope in at least two planes to collect 


condensate from cooling coils (including coil piping connections, coil 
headers, and return bends) and from humidifiers and to direct water toward 
drain connection. 


2. Length:  Extend drain pan downstream from leaving face to comply with 
ASHRAE 62.1. 


3. Depth:  A minimum of 2 inches (50 mm) deep. 
4. Integral part of floor plating 
5. Single-wall 16 ga. 304 stainless-steel sheet. 
6. Drain Connection:  Located at lowest point of pan and sized to prevent 


overflow.  Terminate with threaded nipple on one end of pan. 
7. Units with stacked coils shall have an intermediate drain pan to collect 


condensate from top coil. 
8. The manufacturer shall provide a 1.5" perimeter collar around the entire unit 


and around each floor opening to ensure the unit is internally watertight. The 
entire base shall act as an auxiliary drain pan and hold up to 1.5" of water.   


9. The manufacturer shall provide auxiliary drains in mixing and OSA intake 
sections. 


10. All drain connections on floor mounted air handling units shall terminate at 
the side of the unit. 


E. Maximum base deflection shall be 1/4" on 20 ft unsupported span. 


F. Maintenance Rails:  Provide overhead lifting rails in sections where motor service will 
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be required.   


2.5 INSPECTION AND ACCESS PANELS AND ACCESS DOORS: 


A. Panel and Door Fabrication:  Formed and reinforced, single- or double-wall and 
insulated panels of same materials and thicknesses as casing. 


B. Inspection and Access Panels: 
1. Fasteners:  Two or more camlock type for panel lift-out operation.  


Arrangement shall allow panels to be opened against air-pressure 
differential. 


2. Gasket:  Neoprene, applied around entire perimeters of panel frames. 
3. Size:  Large enough to allow inspection and maintenance of air-handling 


unit's internal components. 


C. Access Doors: 
1. Hinges:  A minimum of two ball-bearing hinges and two roller cam-type 


latches, operable from inside and outside.  Arrange doors to be opened 
against air-pressure differential. 


2. Gasket:  Neoprene, applied around entire perimeters of panel frames. 
3. Size:  The minimum door clearance shall not be less than 19”x 70" (where 


unit height permits) and shall be large enough to allow the largest assembled 
internal compound to be removed through the doorway.  Internal 
components must have a door of minimum width to remove the assembled 
components.  Vestibule doors to the exterior shall be 42”x70” (where unit 
height permits). 


D. Locations and Applications: 
1. Verify that the sections listed below are large enough for panels and doors.  


Verify applicability with listed manufacturers. 


2.6 FAN, DRIVE, AND MOTOR SECTION 


A. All fans shall be tested in accordance with AMCA Standard 210-70 Test Code for Air 
Moving Devices. Fans shall bear the AMCA sticker for both air and sound 
performance. 


B. Fan and Drive Assemblies:  Statically and dynamically balanced and designed for 
continuous operation at maximum-rated fan speed and motor horsepower. 
1. Shafts:  Designed for continuous operation at maximum-rated fan speed and 


motor horsepower, and with field-adjustable alignment. 
a. Turned, ground, and polished hot-rolled steel with keyway.  Ship with 


a protective coating of lubricating oil.  Hollow shafts are 
unacceptable.  


b. Designed to operate at no more than 70 percent of first critical 
speed at top of fan's speed range.  The critical speed will be based 
on the top of the speed range for the fans’ AMCA class.  The lateral 
static deflection shall not exceed 0.003” per foot of the length of the 
shaft.   


2. Fan assembly shall be balanced per ISO standard G6.3 with a copy of the 
balance test data for this project with deflection and critical speed of the shat 
and wheel submitted to the engineer  
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C. Centrifugal Fan Housings:  Formed- and reinforced-steel panels to form curved scroll 
housings with shaped cutoff and spun-metal inlet bell. 
1. Bracing:  Steel angle or channel supports for mounting and supporting fan 


scroll, wheel, motor, and accessories. 
2. Horizontal-Flanged, Split Housing:  Bolted construction. 
3. Housing for Supply Fan:  Attach housing to fan-section casing with metal-


edged flexible duct connector. 
4. Flexible Connector:  Factory fabricated with a fabric strip [3-1/2 inches (89 


mm)] [5-3/4 inches (146 mm)] wide attached to 2 strips of 2-3/4-inch- (70-
mm-) wide, 0.028-inch (0.7-mm-) thick, galvanized-steel sheet or 0.032-inch- 
(0.8-mm-) thick aluminum sheets; select metal compatible with casing. 
a. Flexible Connector Fabric:  Glass fabric, double coated with 


neoprene.  Fabrics, coatings, and adhesives shall comply with UL 
181, Class 1. 
1) Fabric Minimum Weight:  26 oz./sq. yd. (880 g/sq. m). 
2) Fabric Tensile Strength:  480 lbf/inch (84 N/mm) in the warp 


and 360 lbf/inch (63 N/mm) in the filling. 
3) Fabric Service Temperature:  Minus 40 to plus 200 deg F 


(Minus 40 to plus 93 deg C). 


D. Plenum Fan Housings:  Steel frame and panel; fabricated without fan scroll and 
volute housing. 
1. Arrangement #4 direct drive fans or AMCA Arrangement #1 either horizontal 


or vertical as shown on plans and drawings. There shall be no obstructions 
(i.e., bearings or bearing supports, etc.,) at the inlet of the fan. Fan wheel 
shall be aluminum with aluminum extruded airfoil blades. The fan inlet on 
plenum fans shall be isolated from the cabinet by means of a neoprene-
coated flexible connection. Plenum fans shall be provided with spring-style 
thrust restraints. 


2. Each fan shall be sized to perform as indicated on the equipment schedule.  
The wheel diameter shall not be less than that shown on the equipment 
schedule.  The fan shall be constructed to AMCA Standards for the Class 
Rating as indicated on the Equipment Schedule. 


E. Airfoil, Centrifugal Fan Wheels:  Smooth-curved inlet flange, backplate, and hollow 
die-formed airfoil-shaped blades continuously welded at tip flange and backplate; 
cast-iron or cast-steel hub riveted to backplate and fastened to shaft with set screws. 
 Aluminum wheel. 


F. Fan Array Installation: 
1. Provide individual fan back draft dampers and acoustical treatment. 
2. Each fan and motor shall be mounted on an all welded, structural steel, 


prime coated, internal isolation base with springs selected to provide 99% 
isolation efficiency with minimum 1” deflection. The inlet of the fan shall be 
separated from the unit casing by means of a factory installed flexible fabric 
connection. Provide unit mounted red LED indicator lights to monitor status 
of all fan array fans, one light per fan.  LED to light up indicating loss of 
respective fan operation. Label lights “FAN FAILURE LIGHTS”. 


G. Fan Shaft Bearings: 
1. Prelubricated and Sealed, Ball Bearings:  Self-aligning, pillow-block type with 


an L10 rated life of 200,000 hours according to ABMA 9. Bearings are to be 
mounted on the fan structural bracing. Provide extended bearing lubrication 
lines and zerk fittings to assure accessibility of all lubrication points without 
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disassembly of unit access. 


H. Internal Vibration Isolation and Seismic Control:   
1. Fans shall be factory mounted with manufacturer's standard restrained 


vibration isolation mounting devices having a minimum static deflection of 2”. 
2. Seismic Fabrication Requirements:  Fabricate fan section, internal mounting 


frame and attachment to fans, fan housings, motors, casings, accessories, 
and other fan section components with reinforcement strong enough to 
withstand seismic forces defined in Section 230548 "Vibration Isolation and 
Seismic Restraint for Piping, Ductwork, and Equipment " when fan-mounting 
frame and air-handling-unit mounting frame are anchored to building 
structure. 


3. Fan Assembly Testing: 
a. Following assembly, the fan balance shall be tested using an 


electronic balance analyzer with tunable filter and stroboscope.   
b. Direct drive fan wheels shall be factory dynamically balanced and 


shall meet or exceed guidelines in AMCA 204-96 for Balance Quality 
and Vibration Levels for Fan Application Category BV-5.  Following 
fan assembly, the complete spring isolated fan assembly shall be 
tested using an electronic balance analyzer with tunable filter and 
stroboscope.  Vibration measurements shall be taken on each motor 
bearing housing in the vertical, horizontal, and axial planes (5 total 
measurements, 2 each motor bearing and 1 Axial).  The maximum 
allowable velocity shall not exceed 0.125 inches per second peak 
amplitude (filter in) on any of 5 readings and shall not exceed .5 mils 
@ 1170 rpm.  


c. A copy of the Vibration test report (Vibration Nomograph) shall be 
provided with the Operation and Maintenance Manual upon request. 
 The fan assembly shall also be vibration tested at design RPM with 
the spring isolators at the specified deflection, with the tunable filter 
utilized and frequencies from 500 cpm to 50,000 cpm shall be 
scanned to detect misalignment, bearing defects, mechanical 
looseness or foundation weakness.  A copy of the balance test data 
for this project showing calculations for deflection and critical speed 
of the shaft and wheel assembly shall be submitted to the engineer 
review 


4. Motor: 
a. Enclosure Type:  Totally enclosed, fan cooled. 
b. NEMA Premium (TM) efficient motors as defined in NEMA MG1. 
c. Motor Sizes:  Minimum size as indicated.  If not indicated, large 


enough so driven load will not require motor to operate in service 
factor range above 1.0. 


d. Controllers, Electrical Devices, and Wiring:  Comply with 
requirements for electrical devices and connections specified in 
electrical Sections. 


e. Mount unit-mounted disconnect switches on exterior of unit. 


2.7 COILS  


A. Fins shall have collars drawn, belled and firmly bonded to the tubes by means of 
mechanical expansion of the tubes.  No soldering or tinning shall be used in the 
bonding process. Coils shall be mounted in the unit casing to be accessible for 
service and can be removed from the unit through the side. Capacities, pressure 
drops and selection procedure shall be certified in accordance with ARI Standard 







SAN DIEGO STATE UNIVERSITY SECTION 237312 
EIS COMPLEX CUSTOM FACTORY AIR HANDLING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC UNITS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 237312 - 10 McParlane & Associates 


410-81. 


B. Coils shall be fully enclosed within casing and mounted on primed and painted angle 
iron racks manufactured to allow coils to slide out individually. Cooling coil racks 
shall be primed with zinc rich chromate primer.  Racks to be designed to allow coil 
removal from the face of the coil rack.  All coils to be removable from either side of 
the unit by easily removable end panels.  End panels that open to coil header and 
return bend section shall be installed with drive screws and nut-serts to allow access 
to header and return bend sections for coil inspection without disruption to unit air 
seal.  Individual end panels to be supplied for each coil on the supply and return side 
of the cabinet to allow single coil piping breakdown for coil removal. 


C. Coil penetrations through cabinet shall be grommeted, sealed airtight by a double 
escutcheon plate on the exterior of the casing.  The escutcheon plate shall have a 
rolled collar around the pipe opening to protect the pipe and be equipped with an “O” 
ring rubber gasket between the collar and the pipe to prevent chaffing and provide an 
air tight seal around the opening.  All supply and return connections shall be plainly 
and permanently marked 


D. Both ends of the coil to be sealed off from the main air stream by full height blank-
offs on both the entering-air and leaving-air sides. Blank-offs to be the same material 
as the coil casing.  Headers and return bends to be further insulated with a closed 
cell neoprene gasket the full height and width of the coil casing to reduce 
condensation. 


E. Drain pans shall be continuously welded type 304 stainless steel.  Intermediate drain 
pans shall be interconnected with 1 in. stainless steel drain lines. Drain pans shall be 
sloped and fully drainable. 


F. Coils shall be designed for chilled water, heat recovery or hot water service and be of 
the counter flow design. 


G. All coils shall be fabricated of 5/8" O.D. seamless copper tubing of 0.020 wall 
thickness minimum mechanically expanded into copper fins of 0.008 minimum 
thickness.  All return bends shall be 0.035 copper minimum. Headers shall be of 
seamless copper.  Supply and return connections on each coil shall be 
raised/lowered a minimum 6” from the bottom/top of the coil to allow room for piping 
connection hookup between stacked coils, coils near floors and coils near roofs.  
Each coil shall be provided with capped vent and drain connections extended to the 
exterior of the cabinet.  All coils shall be fully drained with no trapped tubes.  Coil 
casing to be 304 stainless steel for cooling coils and 16 ga galvanized for heating 
coils.  


H. Coils shall be hydrostatically tested at 400 psi, and shall be suitable for working 
pressures and temperature up to 200 psi and 220 degrees F. 


I. Pipe connections shall be on the same end, and shall be threaded. On units with split 
coils, extend coil pipe connections from coil header through unit side casing using 
specified pipe material. 


J. Water coils handling recently mixed air, or direct outside air, shall be fully drainable 
by removing a single threaded plug for each coil row. 
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K. Coils indicated as being cleanable shall have either a cleanout plug for each tube or 
shall have a gasketed removable header cover. 


L. On cooling coils and heat recovery coils using vertically corrugated fins or spiral 
wound fins, provide moisture eliminators on the downstream side of cooling coils and 
heat recovery coils when the face velocity exceeds 550 fpm. On cooling coils and 
heat recovery coils using horizontally corrugated fins, provide moisture eliminators 
when the face velocity exceeds 525 fpm. Moisture eliminators shall be 304 stainless 
steel, 3-break type draining directly into the cooling coil drain. 


M. Coils for direct expansion refrigerant applications connected to multiple compressors 
shall be full face intertwined type. 


2.8 FILTERS 


A. Provide pre-filters and front loading final filters. 


2.9 FILTER GAUGES 


A. The manufacturer shall provide a DWYER (0-2 inch, 0-500 Pa) magnehelic gauge.  


B. Magnehelic gauges shall be accurate to +/- 2% of full range. 


C. One gauge shall be provided for each type of filter in filter bank. 


D. Gauges shall be recessed into the cabinet casing with a weather cover. 


2.10 FINISH 


A. Factory Applied Finish for steel and galvanized steel casings: 
1. Standard Two-coat Finish:  Immediately after cleaning and pretreating, apply 


manufacturer's standard two-coat, ASTM 2000 hour enamel finish, 
consisting of prime coat and thermosetting topcoat. 


2.11 ALUMINUM AIRFOIL DAMPERS 


A. General Requirements for Dampers:  Leakage rate, according to AMCA 500, 
"Laboratory Methods for Testing Dampers for Rating," shall not exceed 5 percent of 
air quantity at 2000 fpm face velocity through damper and 3-inch wg (1000-Pa) 
pressure differential. 


B. Aluminum airfoil frames and blades shall be a minimum of 12 gauge extruded 
aluminum.  Blades shall be of a single unit airfoil design 6" wide. 


C. Frames shall be extruded aluminum channel with grooved inserts for vinyl seals.  
Standard frames shall be 2" x 4" x 5/8" on the linkage side, 1" x 4" x 1" on the other 3 
sides. 


D. Pivot rods shall be 7/8" hexagon extruded aluminum interlocking into the blade 
section.  Bearings shall be of a double sealed type with a Celcon inner bearing on a 
rod within a Polycarbonate outer bearing inserted into the frame to prevent the outer 
bearing from rotating. 
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E. The bearing shall be designed so there are no metal-to-metal or metal-to-bearing 
riding surfaces.  The interconnecting linkage shall have a separate Celcon bearing to 
eliminate friction inside the linkage. 


F. Blade linkage hardware shall be installed in a frame outside the airstream.  All 
hardware shall be of non-corrosive, reinforced cadmium plated steel. 


G. Multiple damper motors are to be used rather than jack shaft assemblies. 


H. Dampers shall be Ruskin #CD50, T.A. Morrison #1000, or equivalent.  


2.12 SOUND POWER LEVELS 


A. Air handling unit sound power levels shall be submitted for review.  Sound power 
data shall be given at the supply connections and return connections in addition to 
radiated sound power from the cabinet.  Raw fan sound power data shall be derived 
from testing on the identical fans as used in the units.  Data extrapolated from 
different fans is not acceptable. 


2.13 VARIABLE FREQUENCY DRIVES 


A. Both supply and return fans are to be powered by drives.  See Section 230902 for 
additional requirements. 


2.14 FLOW MEASURING PROVISIONS 


A. Air flow measurement - General 
1. Provide one thermal dispersion airflow/temperature measurement device 


(ATMD) at each location indicated on the plans, schedules and/or control 
schematics.  


2. Each ATMD shall consist of one to four sensor probes and a single, remote 
transmitter.  Each sensor probe shall consist of one to eight independent 
sensor nodes in a gold anodized, aluminum 6063 alloy tube with 304 
stainless steel mounting brackets. 


3. Each sensor node shall consist of two hermetically sealed bead-in-glass 
thermistors.  Chip thermistors of any type or packaging are not acceptable. 


4. The velocity-weighted average temperature output performance of the 
ATMD is preferred to that of the specified temperature measuring device 
(TMD), when the location of the ATMD and TMD are effectively the same. 


B. Supply and/or Return Fan Measurement: 
1. Measurement device to be mounted in either the fan inlet or the AHU duct 


opening. 
a. Fan inlet air measuring devices shall not obstruct the inlet cone to 


the fan, nor add any pressure losses or sound level increases to the 
fan performance.   


b. Air measuring devices mounted in the AHU opening to be mounted 
upstream of the damper and spaced a minimum of 6” from the 
damper (if damper).  


C. Outside Air Flow Measurement  
1. Air measuring devices to be mounted in the AHU opening upstream of the 


damper and spaced a minimum of 6” from the damper. 
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a. If the outside air intake dampers are sized for 100% fresh air 
capability configure the dampers to enable separate control and 
measurement of the minimum outside air required for the project 
area served by the AHU.   


b. If the AHU is installed on the interior with ducted fresh air, install the 
measuring station in a straight duct section upstream from the 
minimum outside air dampers and interfacing control for providing 
an electronic signal for use by the control contractor in controlling a 
minimum outside airflow and temperature.   


c.  If the AHU is an outdoor mounted unit, the minimum outside airflow 
measurement station is to be factory mounted on the exterior side of 
the outside air intake in a protective weatherhood.  


D. Sensor Performance: 
1. The ATMD shall be capable of measuring airflow rates over the full 


calibrated range of 0 to 5,000 FPM (25.4 m/s) between -20°F to 160°F (-
28.9°C to 71°C).  


2. Each sensing node shall have an airflow accuracy of ± 2% of reading 
throughout the entire calibrated operating range. 


3. Each sensing node shall have a temperature accuracy of ± 0.14°F (0.08°C) 
over the entire operating temperature range of -20°F to 160°F (-28.9°C to 
71°C).  


4.  Fan Airflow Installation:   
a. Installed airflow accuracy: +/- 3% to 10% of reading with +/- 0.25% 


repeatability. 


b. Sensor probe performance:  +/- 2% of reading, 0-5000 fpm, 0.15°F 
temperature accuracy +/-.   


5. Outside Air Installation: 
a. Installed airflow accuracy: +/- 2% of reading with +/- 0.25% 


repeatability. 


b. Sensor probe performance:  +/- 2% of reading, 0-5000 fpm, 0.15°F 
temperature accuracy +/-.   


E. Transmitter: 
1. Flow measuring array to include a transmitter for flow and temperature 


analog output signal for the building energy management system to be user 
selectable in either 4-20 mA or 0-10VDC, or BACnet digital compatible.  
Coordinate signal output with controls installer. 


2. Transmitter to include an airflow gauge to provide direct readout in cfm.  
Mount on the outside of the air handler if air handler is located in a 
mechanical room.  Mount in a NEMA 3R control cabinet if located outside.  


3. Device to provide switch selectable Modbus or Johnson N2 outputs. Device 
to be UL listed.  


4. The transmitter shall be powered by 24 VAC, shall include over-voltage and 
over-current protection, and shall include watchdog circuitry to ensure 
continuous operation following power failures and/or brown- outs. 


5. The transmitter shall determine the airflow rate and temperature of each 
sensing node prior to averaging. 


6. The transmitter shall include self-diagnostics and other features to ensure 
reliability and continued operation despite a limited failure.  The transmitter 
shall automatically detect sensor damage and correctly calculate the 
average using the remaining functional sensor nodes, while reporting a 
system fault over the network and by local visual indication. 


7. All integrated circuits shall be industrial rated for operation down to -40°F (-
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40°C). 
8. The environmental operating temperature limits for the transmitter shall be -


20°F to 120°F (-28.8°C to 48.8°C). 
9. The system shall be factory tested prior to shipment and not require 


calibration or adjustment over the life of the equipment when installed in 
accordance to manufacturer’s guidelines.   


10. The Sensors shall be calibrated to NIST traceable standards.   


F. Airflow measuring station to be by Ebtron.  KURZ, Fluid Components and Sierra 
Instruments are acceptable with temperature readout and UL listing. 


2.15 ELECTRICAL 


A. Each fan motor shall be wired to its respective VFD. 


B. All wiring shall be 6600 volt rated type XLPE, RW90 stranded copper, enclosed in 
conduit run internal to the unit. All junction boxes shall be CSA approved.  Three 
phase loads to be color coded for phase matching. 


C. All unit VFD's shall be wired to a surface or recessed mounted vestibule electrical 
panel for a single point three phase power connection provided by Division 26. 
Control panel shall be NEMA Type 3R enclosure with a single hinged access door. 
The control panel shall include: 
1. Non-fused main disconnect switch, lockable in the off position 
2. Dual element fuses 
3. Distribution block 


D. All wiring shall be numbered, and all remote connection terminals and components in 
the control panel shall be identified by tag suitable attached.  Wiring diagram shall be 
provided for each unit showing all components, wire number and remote connection 
terminals.   


E. Electrical wiring for lighting and power supply to fan motors shall be run in separate 
conduits internal to the unit.  No external conduit runs are permitted.  If the unit 
requires section splits, junction boxes shall be furnished at each section to allow the 
electrical contractor to make final connections in the field.  Wiring to be clearly 
labeled at junction points to facilitate reconnection. Air handler manufacturer shall 
allow a minimum 1.5” clearance above the entire width of each interior bulk headers 
(coils, filters, fan blank-off, etc.) for field-wiring of any 110v or 24v runs internally to 
the unit as required by the controls contractor and reduce the number penetrations of 
the exterior panels. 


F. All electrical wiring and components shall be installed to conform to NEC and UL 
listing requirements.  Provide a UL or ETL listing and label for the entire air handler. 


2.16 LIGHTS 


A. Provide vapor-proof marine grade lights with protective metal cage, sealed glass 
enclosure and LED or compact florescent light for each section containing an access 
door and for unit vestibule. Duplex receptacles shall be installed at the light switch at 
each fan section and unit vestibule. 


B. A switch with an indicator light shall be installed on the unit controlling both lights and 
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receptacles. Electrical power shall be 120V/1/60 and wired by fan manufacturer to a 
junction box in the unit vestibule for a single point one phase connection by Division 
26. 


2.17 AIR LEAKAGE TESTING  


A. Before shipment the unit manufacturer shall factory pressure test (positive pressure) 
each air handling unit to ensure the leakage rate of the casing does not exceed 1.0% 
of the unit air flow at 1.5 times the rated static pressure.  Testing shall be done on 
one unit of each type. 


B. The test shall be conducted in accordance with SMACNA duct construction manual.  
A calibrated orifice shall be used to measure leakage airflow. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Install in accordance with manufacturer's instructions. 


B. Examine site to verify if site is ready to receive work.  Provide a layout drawing of air 
handler and fan locations to electrical installer. 


C. Examine casing insulation materials and filter media before air-handling unit 
installation.  Reject insulation materials and filter media that are wet, moisture 
damaged, or mold damaged. 


D. Examine roughing-in for steam, hydronic, and condensate drainage piping systems 
and electrical services to verify actual locations of connections before installation. 


E. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Air Handler Mounting: 
1. Base Mounted:  Install air-handling units on equipment base as described 


and specified elsewhere 
2. Suspended Mounting: Suspend and brace units from structural-steel support 


frame using threaded steel rods and spring hangers.   
3. Isolation and Seismic Control:  Comply with requirements for vibration 


isolation and seismic control devices specified in Section 230548 "Vibration 
and Seismic Controls for HVAC." 


4. Arrange installation of units to provide access space around air-handling 
units for service and maintenance. 


5. Do not operate fan system until filters (temporary or permanent) are in place. 
 Replace temporary filters used during construction and testing, with new, 
clean filters. 


6. Install filter-gage, static-pressure taps upstream and downstream of filters.  
Mount filter gages on outside of filter housing or filter plenum in accessible 
position.  Provide filter gages on filter banks, installed with separate static-
pressure taps upstream and downstream of filters. 


3.3 CONNECTIONS 







SAN DIEGO STATE UNIVERSITY SECTION 237312 
EIS COMPLEX CUSTOM FACTORY AIR HANDLING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC UNITS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 237312 - 16 McParlane & Associates 


A. Coordinate piping installations and specialty arrangements with schematics on 
Drawings and with requirements specified in piping systems. 


B. Comply with requirements for piping specified in other Sections. 


C. Install piping adjacent to air-handling unit to allow service and maintenance. 


D. Connect piping to air-handling units mounted on vibration isolators with flexible 
connectors. 


E. Connect condensate drain pans using copper tubing.  Extend to nearest equipment 
or floor drain.  Construct deep trap at connection to drain pan and install cleanouts at 
changes in direction. 


F. Heating and Chilled Water Piping:  Comply with applicable requirements in 
Section 232113 "Hydronic Piping" and Section 232113 HVAC Piping."  Install shutoff 
valve and union or flange at each coil supply connection.  Install balancing valve and 
union or flange at each coil return connection. 


G. Coordinate duct installations and specialty arrangements with schematics on 
Drawings and with requirements specified in Section 233113 "Metal Ducts" and 
Section 233300 "Air Duct Accessories." 


H. Connect duct to air-handling units with flexible connections.  Comply with 
requirements in Section 233113 "Air Distribution." 


I. Control installers shall install all wiring associated with control signals into the air 
handlers. 


J. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate 
with Division 26 work. 


K. Airflow measuring arrays installed in fan inlet volutes must be designed to withstand 
velocities encountered in this location.  Mounting system is to be warranted against 
failure and consequent fan damage.   


3.4 STARTUP SERVICE 


A. Perform startup service. 
1. Complete installation and startup checks according to manufacturer's written 


instructions. 
2. Verify that shipping, blocking, and bracing are removed. 
3. Verify that unit is secure on mountings and supporting devices and that 


connections to piping, ducts, and electrical systems are complete.  Verify 
that proper thermal-overload protection is installed in motors, controllers, 
and switches. 


4. Verify proper motor rotation direction, free fan wheel rotation, and smooth 
bearing operations.  Reconnect fan drive system, align belts, and install belt 
guards. 


5. Verify that bearings, pulleys, belts, and other moving parts are lubricated 
with factory-recommended lubricants. 


6. Verify that zone dampers fully open and close for each zone. 
7. Verify that face-and-bypass dampers provide full face flow. 
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8. Verify that outdoor- and return-air mixing dampers open and close, and 
maintain minimum outdoor-air setting. 


9. Comb coil fins for parallel orientation. 
10. Verify that proper thermal-overload protection is installed for electric coils. 
11. Install new, clean filters. 
12. Verify that manual and automatic volume control and fire and smoke 


dampers in connected duct systems are in fully open position. 


B. Starting procedures for air-handling units include the following: 
1. Energize motor; verify proper operation of motor, drive system, and fan 


wheel.  Adjust fan to indicated rpm.[  Replace fan and motor pulleys as 
required to achieve design conditions.] 


2. Measure and record motor electrical values for voltage and amperage. 
3. Manually operate dampers from fully closed to fully open position and record 


fan performance. 


C. ADJUSTING 
1. Adjust damper linkages for proper damper operation. 
2. Comply with requirements in Section 230593 "Testing, Adjusting, and 


Balancing for HVAC" for air-handling system testing, adjusting, and 
balancing. 


D. CLEANING 
1. After completing system installation and testing, adjusting, and balancing air-


handling unit and air-distribution systems and after completing startup 
service, clean air-handling units internally to remove foreign material and 
construction dirt and dust.  Clean fan wheels, cabinets, dampers, coils, and 
filter housings, and install new, clean filters. 


E. DEMONSTRATION 
1. Engage a factory-authorized service representative to train Owner's 


maintenance personnel to adjust, operate, and maintain air-handling units. 


END OF SECTION 





		PART 1 - ENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing

		C. Section 230902:  Variable Frequency Drives (VFD) 

		D. Section 233113:  Air Distribution

		E. Section 234100:  Air Filtration

		F. Division 26:  Electrical



		1.3 PERFORMANCE REQUIREMENTS

		A. Delegated Design:  Design vibration isolation and seismic-restraint details, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.

		B. Structural Performance:  Casing panels shall be self-supporting and capable of withstanding 133 percent of internal static pressures indicated, without panel joints exceeding a deflection of L/200 where "L" is the unsupported span length within completed casings.

		C. Seismic Performance:  Air-handling units shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.



		1.4 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide air handling units that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Certifications:  Provide certified ratings of units based on tests performed in accordance with ARI 430, "Central-Station Air Handling Units."

		C. Codes and Standards:  Provide air handling units conforming to the requirements of the latest addition of the following:



		1.5 PRODUCT SUBSTITUTIONS

		A. The Contractor shall certify the following items are correct when using substituted products other than those scheduled or shown on the drawings as a basis of design:

		B. The Contractor further certifies function, appearance, and quality of proposed substitution are equivalent or superior to specified item.

		C. The Contractor agrees that the terms and conditions for the substituted product that are found in the contract documents apply to this proposed substitution.



		1.6 ACTION SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data for air handling units showing 

		B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, required clearances, field connection details and methods of support.  Draw to a scale of one half inch to one foot.  Include field fabricated mixing boxes, dampers and duct connections.

		C. Maintenance Data:  Submit maintenance instructions, including instructions for lubrication, filter replacement, motor and drive replacement, and spare parts lists.  Include this data, product data, shop drawings, and wiring diagrams in operating and maintenance manuals.



		1.7 INFORMATIONAL SUBMITTALS

		A. Seismic Qualification Certificates:  For air-handling units, accessories, and components, from manufacturer.

		B. Source quality-control reports.

		C. Field quality-control reports.



		1.8 ENVIRONMENTAL REQUIREMENTS

		A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated, and fan has been test run under observation.



		1.9 DELIVERY, STORAGE, AND HANDLING

		A. Deliver unit to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect unit against dirt, water, chemical, and mechanical damage.  Do not install damaged unit - remove from project site.



		1.10 WARRANTY

		A. Provide one-year (12 months) warranty from date of startup or 18 months from date of shipment, whichever occurs first.  The manufacturer’s warranty shall include parts and labor to provide factory authorized service.





		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Energy Labs, CES Group (Governair, Huntair, Venmar, Temtrol, Mammoth), Miller-Picking, Buffalo Forge, Pace, Haakon Industries, Silent-Air, BASX Solutions, Unitech, or Air Enterprises.  By listing manufacturers it is not intended to imply that their standard construction is approved or that they are equal.  All manufacturers must meet, or exceed, minimum requirements of these specifications and all other standard or optional features provided by the scheduled basis of design air handler.



		2.2 GENERAL

		A. Any exceptions to the specifications must be clearly defined in the submittal process. The contractor shall be responsible for any additional expenses that may occur due to any exception made.

		B. Fabricate draw-thru or blow-thru type air handling units suitable for the scheduled air pressure operation as indicated.

		C. Fabricate units with: fan sections as noted; coil section(s); heat recovery sections, mixing section; filter section(s); access section(s); discharge plenum; bellmouth duct connections; variable frequency drives; dampers; lights and vestibules. Fabricate unit in split sections for field assembly if necessary.

		D. Vestibule piping requirements:  If shown on plans all piping located within the air handler vestibule is to be supported as specified.  Mechanical Contractor to coordinate with air handler supplier to insure that all supports are provided and that adequate structural reinforcement is provided within the air handler to accommodate the operational weight of the pipe supported.  The Mechanical Contractor is to provide the air handler manufacturer with an approved shop drawing indicating the location and weight of all equipment and the location of all piping and pipe penetrations located in the air handler vestibule prior to the design of the air handler by the manufacturer.

		E. Fans shall be selected for variable volume operation. The scheduled fan arrangement and unit configuration is the basis of selection.  Alternate configurations which are equal or smaller in size and weight, energy and acoustic performance will be considered.  Include information indicating pertinent differences, either positive or negative, to base design indicated on documents.  Unit component face velocity to remain as designed to conserve motor horsepower.  The mechanical contractor and supplier shall bear all costs for redesign of mechanical, plumbing, electrical, structural, architectural and controls that may be associated with the revised configuration.  Provide analysis of unit power consumption for code compliance.

		F. Factory fabricate and test air handling units of sizes, capacities, and configuration as indicated and specified.

		G. All major components used to assemble air handling units with the exception of electrical devices, drives, bearings and controls shall be manufactured by the air handler manufacturer.

		H. Motors shall be inverter duty NEMA MG-1 premium efficiency TEFC type.  All wiring shall be routed to a single external junction box for each fan section.   See Section 230902 for additional requirements.

		I. Filter section shall include space for face load or side access slide-in filters with 2" or 4” pre-filters and 22" bag type final filters with an average efficiency of 85% per ASHRAE Standard 52-76 test.



		2.3 UNIT CASING

		A. Walls and roofs shall be constructed of 16 ga., G90 galvanized steel 4" thick panels.  The inner wall shall be a minimum of 22 ga., solid galvanized steel in all sections except fan inlet and fan section which may be perforated metal.  The wall panels shall be insulated with 4", 3.0 lbs/cu. ft rigid neoprene coated insulation.  All permanently joined flanged panel surfaces shall be sealed with an individual strip of 1/8" x 3/8" tape sealer. Wall seams shall be turned inward to provide a clean flush exterior finish. All panel seams shall be sealed during assembly to produce an airtight unit.

		B. All panels shall be joined using bolts rather than sheet metal screws.

		C. All insulation edges shall be protected with metal lagging. Insulation systems using stickpins or adhesives are not acceptable.

		D. Stiffeners of angle steel shall be supplied as required to maintain casing deflection criteria of 1/200 at 1.5 times the working pressure. If panels cannot meet this deflection, additional internal reinforcing shall be added.  

		E. Provide duct bellmouth fittings where dimensions allow.  Provide walk able grates over all duct floor penetrations, maximum pressure loss not to exceed 0.10-inches WC.

		F. Acoustical Performance:



		2.4 BASE CONSTRUCTION

		A. Units shall be constructed from structural steel C-channel around the perimeter of the unit with intermediate channel, angle or tube supports.

		B. Floor shall be flat, reinforced from below, with all seams continuously welded. OR Floor shall be 0.12” checker plate installed on the base.  Drive screw attachment and caulking are not acceptable. The base shall be provided with lifting lugs, a minimum four per unit section. The base shall be insulated tight to the floor with 4", 3.0 lbs/cu. ft fiberglass insulation.  The insulation is to be protected with 22 ga. solid galvanized steel liner if the unit floor is exposed in a suspended application.  Floors that "oil can" are not acceptable. 

		C. Floor insulation shall be installed beneath the floor panels in the same manner as the wall and ceiling insulation.

		D. Condensate Drain Pans:  

		E. Maximum base deflection shall be 1/4" on 20 ft unsupported span.

		F. Maintenance Rails:  Provide overhead lifting rails in sections where motor service will be required.  



		2.5 INSPECTION AND ACCESS PANELS AND ACCESS DOORS:

		A. Panel and Door Fabrication:  Formed and reinforced, single- or double-wall and insulated panels of same materials and thicknesses as casing.

		B. Inspection and Access Panels:

		C. Access Doors:

		D. Locations and Applications:



		2.6 FAN, DRIVE, AND MOTOR SECTION

		A. All fans shall be tested in accordance with AMCA Standard 210-70 Test Code for Air Moving Devices. Fans shall bear the AMCA sticker for both air and sound performance.

		B. Fan and Drive Assemblies:  Statically and dynamically balanced and designed for continuous operation at maximum-rated fan speed and motor horsepower.

		C. Centrifugal Fan Housings:  Formed- and reinforced-steel panels to form curved scroll housings with shaped cutoff and spun-metal inlet bell.

		D. Plenum Fan Housings:  Steel frame and panel; fabricated without fan scroll and volute housing.

		E. Airfoil, Centrifugal Fan Wheels:  Smooth-curved inlet flange, backplate, and hollow die-formed airfoil-shaped blades continuously welded at tip flange and backplate; cast-iron or cast-steel hub riveted to backplate and fastened to shaft with set screws.  Aluminum wheel.

		F. Fan Array Installation:

		G. Fan Shaft Bearings:

		H. Internal Vibration Isolation and Seismic Control:  



		2.7 COILS 

		A. Fins shall have collars drawn, belled and firmly bonded to the tubes by means of mechanical expansion of the tubes.  No soldering or tinning shall be used in the bonding process. Coils shall be mounted in the unit casing to be accessible for service and can be removed from the unit through the side. Capacities, pressure drops and selection procedure shall be certified in accordance with ARI Standard 410-81.

		B. Coils shall be fully enclosed within casing and mounted on primed and painted angle iron racks manufactured to allow coils to slide out individually. Cooling coil racks shall be primed with zinc rich chromate primer.  Racks to be designed to allow coil removal from the face of the coil rack.  All coils to be removable from either side of the unit by easily removable end panels.  End panels that open to coil header and return bend section shall be installed with drive screws and nut-serts to allow access to header and return bend sections for coil inspection without disruption to unit air seal.  Individual end panels to be supplied for each coil on the supply and return side of the cabinet to allow single coil piping breakdown for coil removal.

		C. Coil penetrations through cabinet shall be grommeted, sealed airtight by a double escutcheon plate on the exterior of the casing.  The escutcheon plate shall have a rolled collar around the pipe opening to protect the pipe and be equipped with an “O” ring rubber gasket between the collar and the pipe to prevent chaffing and provide an air tight seal around the opening.  All supply and return connections shall be plainly and permanently marked

		D. Both ends of the coil to be sealed off from the main air stream by full height blank-offs on both the entering-air and leaving-air sides. Blank-offs to be the same material as the coil casing.  Headers and return bends to be further insulated with a closed cell neoprene gasket the full height and width of the coil casing to reduce condensation.

		E. Drain pans shall be continuously welded type 304 stainless steel.  Intermediate drain pans shall be interconnected with 1 in. stainless steel drain lines. Drain pans shall be sloped and fully drainable.

		F. Coils shall be designed for chilled water, heat recovery or hot water service and be of the counter flow design.

		G. All coils shall be fabricated of 5/8" O.D. seamless copper tubing of 0.020 wall thickness minimum mechanically expanded into copper fins of 0.008 minimum thickness.  All return bends shall be 0.035 copper minimum. Headers shall be of seamless copper.  Supply and return connections on each coil shall be raised/lowered a minimum 6” from the bottom/top of the coil to allow room for piping connection hookup between stacked coils, coils near floors and coils near roofs.  Each coil shall be provided with capped vent and drain connections extended to the exterior of the cabinet.  All coils shall be fully drained with no trapped tubes.  Coil casing to be 304 stainless steel for cooling coils and 16 ga galvanized for heating coils. 

		H. Coils shall be hydrostatically tested at 400 psi, and shall be suitable for working pressures and temperature up to 200 psi and 220 degrees F.

		I. Pipe connections shall be on the same end, and shall be threaded. On units with split coils, extend coil pipe connections from coil header through unit side casing using specified pipe material.

		J. Water coils handling recently mixed air, or direct outside air, shall be fully drainable by removing a single threaded plug for each coil row.

		K. Coils indicated as being cleanable shall have either a cleanout plug for each tube or shall have a gasketed removable header cover.

		L. On cooling coils and heat recovery coils using vertically corrugated fins or spiral wound fins, provide moisture eliminators on the downstream side of cooling coils and heat recovery coils when the face velocity exceeds 550 fpm. On cooling coils and heat recovery coils using horizontally corrugated fins, provide moisture eliminators when the face velocity exceeds 525 fpm. Moisture eliminators shall be 304 stainless steel, 3-break type draining directly into the cooling coil drain.

		M. Coils for direct expansion refrigerant applications connected to multiple compressors shall be full face intertwined type.



		2.8 FILTERS

		A. Provide pre-filters and front loading final filters.



		2.9 FILTER GAUGES

		A. The manufacturer shall provide a DWYER (0-2 inch, 0-500 Pa) magnehelic gauge. 

		B. Magnehelic gauges shall be accurate to +/- 2% of full range.

		C. One gauge shall be provided for each type of filter in filter bank.

		D. Gauges shall be recessed into the cabinet casing with a weather cover.



		2.10 FINISH

		A. Factory Applied Finish for steel and galvanized steel casings:



		2.11 ALUMINUM AIRFOIL DAMPERS

		A. General Requirements for Dampers:  Leakage rate, according to AMCA 500, "Laboratory Methods for Testing Dampers for Rating," shall not exceed 5 percent of air quantity at 2000 fpm face velocity through damper and 3-inch wg (1000-Pa) pressure differential.

		B. Aluminum airfoil frames and blades shall be a minimum of 12 gauge extruded aluminum.  Blades shall be of a single unit airfoil design 6" wide.

		C. Frames shall be extruded aluminum channel with grooved inserts for vinyl seals.  Standard frames shall be 2" x 4" x 5/8" on the linkage side, 1" x 4" x 1" on the other 3 sides.

		D. Pivot rods shall be 7/8" hexagon extruded aluminum interlocking into the blade section.  Bearings shall be of a double sealed type with a Celcon inner bearing on a rod within a Polycarbonate outer bearing inserted into the frame to prevent the outer bearing from rotating.

		E. The bearing shall be designed so there are no metal-to-metal or metal-to-bearing riding surfaces.  The interconnecting linkage shall have a separate Celcon bearing to eliminate friction inside the linkage.

		F. Blade linkage hardware shall be installed in a frame outside the airstream.  All hardware shall be of non-corrosive, reinforced cadmium plated steel.

		G. Multiple damper motors are to be used rather than jack shaft assemblies.

		H. Dampers shall be Ruskin #CD50, T.A. Morrison #1000, or equivalent. 



		2.12 SOUND POWER LEVELS

		A. Air handling unit sound power levels shall be submitted for review.  Sound power data shall be given at the supply connections and return connections in addition to radiated sound power from the cabinet.  Raw fan sound power data shall be derived from testing on the identical fans as used in the units.  Data extrapolated from different fans is not acceptable.



		2.13 VARIABLE FREQUENCY DRIVES

		A. Both supply and return fans are to be powered by drives.  See Section 230902 for additional requirements.



		2.14 FLOW MEASURING PROVISIONS

		A. Air flow measurement - General

		B. Supply and/or Return Fan Measurement:

		C. Outside Air Flow Measurement 

		D. Sensor Performance:

		E. Transmitter:

		F. Airflow measuring station to be by Ebtron.  KURZ, Fluid Components and Sierra Instruments are acceptable with temperature readout and UL listing.



		2.15 ELECTRICAL

		A. Each fan motor shall be wired to its respective VFD.

		B. All wiring shall be 6600 volt rated type XLPE, RW90 stranded copper, enclosed in conduit run internal to the unit. All junction boxes shall be CSA approved.  Three phase loads to be color coded for phase matching.

		C. All unit VFD's shall be wired to a surface or recessed mounted vestibule electrical panel for a single point three phase power connection provided by Division 26. Control panel shall be NEMA Type 3R enclosure with a single hinged access door. The control panel shall include:

		D. All wiring shall be numbered, and all remote connection terminals and components in the control panel shall be identified by tag suitable attached.  Wiring diagram shall be provided for each unit showing all components, wire number and remote connection terminals.  

		E. Electrical wiring for lighting and power supply to fan motors shall be run in separate conduits internal to the unit.  No external conduit runs are permitted.  If the unit requires section splits, junction boxes shall be furnished at each section to allow the electrical contractor to make final connections in the field.  Wiring to be clearly labeled at junction points to facilitate reconnection. Air handler manufacturer shall allow a minimum 1.5” clearance above the entire width of each interior bulk headers (coils, filters, fan blank-off, etc.) for field-wiring of any 110v or 24v runs internally to the unit as required by the controls contractor and reduce the number penetrations of the exterior panels.

		F. All electrical wiring and components shall be installed to conform to NEC and UL listing requirements.  Provide a UL or ETL listing and label for the entire air handler.



		2.16 LIGHTS

		A. Provide vapor-proof marine grade lights with protective metal cage, sealed glass enclosure and LED or compact florescent light for each section containing an access door and for unit vestibule. Duplex receptacles shall be installed at the light switch at each fan section and unit vestibule.

		B. A switch with an indicator light shall be installed on the unit controlling both lights and receptacles. Electrical power shall be 120V/1/60 and wired by fan manufacturer to a junction box in the unit vestibule for a single point one phase connection by Division 26.



		2.17 AIR LEAKAGE TESTING 

		A. Before shipment the unit manufacturer shall factory pressure test (positive pressure) each air handling unit to ensure the leakage rate of the casing does not exceed 1.0% of the unit air flow at 1.5 times the rated static pressure.  Testing shall be done on one unit of each type.

		B. The test shall be conducted in accordance with SMACNA duct construction manual.  A calibrated orifice shall be used to measure leakage airflow.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Install in accordance with manufacturer's instructions.

		B. Examine site to verify if site is ready to receive work.  Provide a layout drawing of air handler and fan locations to electrical installer.

		C. Examine casing insulation materials and filter media before air-handling unit installation.  Reject insulation materials and filter media that are wet, moisture damaged, or mold damaged.

		D. Examine roughing-in for steam, hydronic, and condensate drainage piping systems and electrical services to verify actual locations of connections before installation.

		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Air Handler Mounting:



		3.3 CONNECTIONS

		A. Coordinate piping installations and specialty arrangements with schematics on Drawings and with requirements specified in piping systems.

		B. Comply with requirements for piping specified in other Sections.

		C. Install piping adjacent to air-handling unit to allow service and maintenance.

		D. Connect piping to air-handling units mounted on vibration isolators with flexible connectors.

		E. Connect condensate drain pans using copper tubing.  Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain pan and install cleanouts at changes in direction.

		F. Heating and Chilled Water Piping:  Comply with applicable requirements in Section 232113 "Hydronic Piping" and Section 232113 HVAC Piping."  Install shutoff valve and union or flange at each coil supply connection.  Install balancing valve and union or flange at each coil return connection.

		G. Coordinate duct installations and specialty arrangements with schematics on Drawings and with requirements specified in Section 233113 "Metal Ducts" and Section 233300 "Air Duct Accessories."

		H. Connect duct to air-handling units with flexible connections.  Comply with requirements in Section 233113 "Air Distribution."

		I. Control installers shall install all wiring associated with control signals into the air handlers.

		J. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate with Division 26 work.

		K. Airflow measuring arrays installed in fan inlet volutes must be designed to withstand velocities encountered in this location.  Mounting system is to be warranted against failure and consequent fan damage.  



		3.4 STARTUP SERVICE

		A. Perform startup service.

		B. Starting procedures for air-handling units include the following:

		C. ADJUSTING

		D. CLEANING

		E. DEMONSTRATION
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing 


C. Section 230900:  Building Automation System (BAS) Controls 


D. Section 232113:  Mechanical Insulation 


E. Section 233113:  Air Distribution 


F. Division 26:  Electrical 


1.3 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide air handling units that are the standard 
product of an equipment manufacturer regularly engaged in the production of such 
units who issues complete catalog information on such products.  Units shall not be 
fabricated by the Contractor. 


B. Certifications:  Provide certified ratings of units based on tests performed in 
accordance with ARI 430, "Central-Station Air Handling Units." 


C. Codes and Standards:  Provide air handling units conforming to the requirements of 
the latest addition of the following: 
1. Air Movement and Control Association (AMCA): 


a. 99 - Standards Handbook 
b. 210 - Laboratory Methods of Testing Fans for Rating [Unit shall bear 


AMCA Certified Rating Seal] 
c. 300 - Reverberant Room Method for Sound Testing of Fans [Unit 


shall bear AMCA Certified Rating Seal] 
d. 301 - Methods for Calculating Fan Sound Ratings from Laboratory 


Test Data 
e. 500 - Test Method for Louvers, Dampers, and Shutters 


2. American National Standards Institute (ANSI): 
a. 9 - Load Ratings and Fatigue Life for Ball Bearings 
b. 11 - Load Ratings and Fatigue Life for Roller Bearings 
c. 900 - Test Performance of Air Filter Units 


3. Air-Conditioning, Heating and Refrigeration Institute (AHRI): 
a. 410 - Forced-Circulation Air-Cooling and Air-Heating Coils 
b. 430 - Central-Station Air-Handling Units 


4. American Society of Heating, Refrigerating and Air-Conditioning Engineers 
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(ASHRAE): 
a. 193 – Method of Test for Determining the Air Leakage of HVAC 


Equipment.  All systems that move less than 3,000 cfm shall comply 
with less than 1.4% cabinet leakage rate. 


5. National Electrical Manufacturers Association (NEMA):  Except for motors, 
provide electrical components required as part of air handling units, which 
comply with NEMA Standards. 


6. National Fire Protection Association (NFPA):  Provide air handling unit 
internal insulation having flame spread rating not higher than 25 and smoke 
developed rating not higher than 50: 
a. (CEC) - California electrical Code 
b. 90A - Standard for the Installation of Air Conditioning and Ventilating 


Systems 
c. 90B - Standard for the Installation of Warm Air Heating and Air 


Conditioning Systems 
7. Sheet Metal and Air Conditioning Contractors' National Association, Inc. 


(SMACNA):  Comply with applicable SMACNA standards including "HVAC 
Duct Construction Standards - Metal and Flexible." 


8. Underwriters Laboratories, Inc. (UL):  Except for motors, provide electrical 
components required as part of air handling units, which have been listed 
and labeled by UL. 


1.4 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for air handling units 
showing dimensions, weights, capacities, ratings, fan performance with operating 
point clearly indicated, motor electrical characteristics, and finishes of materials, 
installation instructions, sound and vibration test report, and bearing life calculations. 


B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, 
required clearances, field connection details and methods of support.  Draw to a 
scale of one half inch to one foot.  Include field fabricated mixing boxes, dampers 
and duct connections. 


C. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, filter replacement, motor and drive replacement, and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in operating and 
maintenance manuals. 


1.5 ENVIRONMENTAL REQUIREMENTS 


A. Do not operate units for any purpose, temporary or permanent, until ductwork is 
clean, filters are in place, bearings lubricated, and fan has been test run under 
observation. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver unit to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect unit against dirt, water, chemical, and mechanical damage.  Do not 
install damaged unit - remove from project site. 


1.7 WARRANTY 
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A. Provide one-year (12 months) warranty.  The warranty shall include parts, labor, 
travel costs, and living expenses incurred by the manufacturer to provide factory 
authorized service. 


PART 2 - PRODUCTS 


2.1 FAN COIL UNIT – FOR COMMERCIAL APPLICATION  


A. Manufacturers 
1. Huntair, Temtrol, Carrier, Trane, Miller-Picking, Buffalo, Energy Labs, 


Haakon Industries or EIC. 


B. General 
1. Factory fabricated fan coil units of the size, type configuration and capacity 


as scheduled on the drawings. 
2. All pressure drops, horsepowers and dimensions shown are maximum 


allowable.  All capacities shown are minimum allowable.  All units must have 
AMCA certified performance data for fans tested in the unit casings.  Bare 
fan certification without casing is not acceptable. 


3. Manufacturers unable to meet this criteria will only be considered as an 
alternate to specified and as a deduct to base bid.  Manufacturer listed by 
name does not imply that their standard construction meets the 
specifications nor that they are approved.  All manufacturers are required to 
meet all details of this specification without exception. 


C. Unit Casing 
1. Unit shall be constructed of no less than 16 gauge formed cold-rolled steel 


with minimum 1" 1.5 lb. density internal insulation.  Insulation shall be 
attached with adhesive with all exposed edges coated to prevent erosion.  All 
exposed metal inside and out shall be finished with at least one coat of gray 
enamel.  Bottom access doors shall be aluminum construction 0.063 
thickness painted to match unit. 


D. Fan Assembly 
1. Bearings shall be ball or roller type.   Sleeve bearings are not acceptable.  


Bearings shall have replaceable inserts so entire housing need not be 
replaced.  Bearings shall be self-aligning to assist in shaft alignment.  Self-
locking collars shall be proved to secure bearing to the shaft.  Bearing 
housing shall be cast iron for strength and long life.  Each bearing shall have 
pressure relief fittings to assure bearing seal life.  Bearing life shall be 
minimum L-10 100,000 hour.  Calculations shall be made on the basis of 
load ratings based on the AFBMA "Method of evaluating load ratings for ball 
bearings", and are the steady, radial loads that bearings can endure at 
various speeds for 1,500 hours with 90% of the group surviving.  
Calculations shall be submitted for engineer review upon request.  Bearing 
operation shall be checked under load at the design speed.  Bearing 
pass/fail criteria shall be based on 1987 ASHRAE Handbook, chapter 52, 
table 26. 


2. Rotating assembly shall be steel channel type construction to provide rigid 
support for motor, drive, bearings, shaft and wheel.  Entire assembly to be 
mounted on open coil type springs with seismic restraint.  Assembly shall 
have bottom access and entire assembly shall swing down for maintenance. 
 Assembly shall also be completely removable without disassembling unit 
casing. 
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3. Shafting shall be carbon steel, turned, ground and polished to close 
tolerance and oversized to insure vibration free operation.  Shafts shall be 
selected not to exceed 75% of first critical speed.  Shaft shall be cleaned 
and coated to protect against condensation and/or airborne contamination.  
The cleaning procedure shall include removing any surface rust, loose mill 
scale, weld spattering and sharp prominences by scraping, sanding and wire 
brushing to the degree specified by SSPC-SP-1 & 2.  The removal of all oil, 
grease, dirt, salts, soil and contaminants shall be accomplished by cleaning 
with solvent.  After cleaning, shaft shall be coated all over exposed surfaces 
with a lacquer based shaft protectant.  Bluing pigment shall be added to 
facilitate visual conformation of total coverage.  Removal of coating for wheel 
and hub service shall be achieved with the use of only a lacquer thinner. 


4. Drives shall be V-belt with cast iron sheaves.   Motor sheaves shall be of the 
adjustable pitch diameter type.  Drives shall be rated at no less than 150% of 
nameplate horsepower. 


5. Motors shall be standard NEMA frame type.  All motors shall be premium 
efficiency type.  No others are acceptable. 


6. Fractional horsepower motors to be resilient mounted and integral 
horsepower motors to be rigid mounted to spring isolated rotating assembly 
frame.  Power leads from motors to be field installed with flex connection to 
field supplied junction box allowing enough length for rotating assembly 
swing down. 


E. Coils 
1. Coils shall be ARI certified and of the same manufacturer as the unit to 


insure proper fit and quality.  All coil casings shall be 16 gauge galvanized 
steel minimum or stainless steel.  Copper tubes shall be minimum 5/8” 
diameter with a minimum thickness of 0.020 and return bends of minimum 
0.035.  Headers shall be non-ferrous seamless copper.  Aluminum fins shall 
have a minimum thickness of 0.0080 and tubes shall be mechanically 
expanded into fin collars to provide permanent mechanical bond.  No 
exposed copper shall show between fins. 


2. Coils shall be mounted in stainless steel drain pans. 


F. Filter Section  
1. Filters shall be two inch thick FARR 30/30 or equal.  Filter velocity shall be 


less than 500 FPM. 
2. Filter access is bottom removal unless shown otherwise on plans and 


schedule. 


G. Unit Suspension 
1. Manufacturer to provide factory welded mounting clips for suspension of 


units.  Clips to be capable of accepting 1/2" rod or isolators.  Weights shown 
on plans are maximum allowable operating weights including water in coils. 


H. Side Access 
1. Where shown on plans provide side access to unit components.  Access 


panel is to be hinged and large enough to provide full access to the sections 
internal components.  Door latch to be CAD plated spring steel manual quick 
release "Ludwig" latch with pressure closure mechanism.  Door to be painted 
galvanized 16-gauge steel with pin break edge reinforcement.  Door to be 
sealed on all four edges with gasket adhesively attached to the door panel. 


PART 3 - EXECUTION 
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3.1 INSTALLATION 


A. Install in accordance with manufacturer's instructions. 


B. Examine site to verify if site is ready to receive work.  Provide a layout drawing of air 
handler and fan locations to electrical installer. 


C. Install minimum 30% efficiency air filters in unit during installation phase.  Do not 
operate the unit without filters in place. 


D. Install unit supported by vibration isolation springs. 


E. Install 3" flexible duct connection at inlets and outlets of units. 


F. Install condensate drain piping and traps in accordance with manufacturer's 
instructions and as shown on the Drawings. 


G. Install a new set of pre-filters and final filters prior to final air balance and substantial 
completion. 


H. Control installers shall install all wiring associated with control signals into the cabinet 
fan. 


I. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate 
with Division 26 work. 


3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify unit 
mounting, verify fan rotation, verify spring isolator adjustments, verify control wiring, 
verify power wiring, start-up the fans, and check for proper operation.  The service 
technician shall provide final adjustments to meet the specified performance 
requirements.  Fully staffed parts and service personnel shall be within four hours 
travel from the job site. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing

		C. Section 230900:  Building Automation System (BAS) Controls

		D. Section 232113:  Mechanical Insulation

		E. Section 233113:  Air Distribution

		F. Division 26:  Electrical



		1.3 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide air handling units that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Certifications:  Provide certified ratings of units based on tests performed in accordance with ARI 430, "Central-Station Air Handling Units."

		C. Codes and Standards:  Provide air handling units conforming to the requirements of the latest addition of the following:



		1.4 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data for air handling units showing dimensions, weights, capacities, ratings, fan performance with operating point clearly indicated, motor electrical characteristics, and finishes of materials, installation instructions, sound and vibration test report, and bearing life calculations.

		B. Shop Drawings:  Submit shop drawings showing unit dimensions, weight loadings, required clearances, field connection details and methods of support.  Draw to a scale of one half inch to one foot.  Include field fabricated mixing boxes, dampers and duct connections.

		C. Maintenance Data:  Submit maintenance instructions, including instructions for lubrication, filter replacement, motor and drive replacement, and spare parts lists.  Include this data, product data, shop drawings, and wiring diagrams in operating and maintenance manuals.



		1.5 ENVIRONMENTAL REQUIREMENTS

		A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters are in place, bearings lubricated, and fan has been test run under observation.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver unit to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect unit against dirt, water, chemical, and mechanical damage.  Do not install damaged unit - remove from project site.



		1.7 WARRANTY

		A. Provide one-year (12 months) warranty.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.





		PART 2 - PRODUCTS

		2.1 FAN COIL UNIT – FOR COMMERCIAL APPLICATION 

		A. Manufacturers

		B. General

		C. Unit Casing

		D. Fan Assembly

		E. Coils

		F. Filter Section 

		G. Unit Suspension

		H. Side Access





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Install in accordance with manufacturer's instructions.

		B. Examine site to verify if site is ready to receive work.  Provide a layout drawing of air handler and fan locations to electrical installer.

		C. Install minimum 30% efficiency air filters in unit during installation phase.  Do not operate the unit without filters in place.

		D. Install unit supported by vibration isolation springs.

		E. Install 3" flexible duct connection at inlets and outlets of units.

		F. Install condensate drain piping and traps in accordance with manufacturer's instructions and as shown on the Drawings.

		G. Install a new set of pre-filters and final filters prior to final air balance and substantial completion.

		H. Control installers shall install all wiring associated with control signals into the cabinet fan.

		I. Electrical installer shall install all line voltage power wiring and conduit.  Coordinate with Division 26 work.



		3.2 MANUFACTURER'S START-UP SERVICES

		A. The manufacturer shall provide start-up service in the form of a factory trained service technician.  The service technician shall verify correct installation, verify unit mounting, verify fan rotation, verify spring isolator adjustments, verify control wiring, verify power wiring, start-up the fans, and check for proper operation.  The service technician shall provide final adjustments to meet the specified performance requirements.  Fully staffed parts and service personnel shall be within four hours travel from the job site.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Shell and tube heat exchangers (convertors). 
2. Plate type heat exchanger. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing 


C. Section 230700:  Mechanical Insulation 


D. Section 230900:  Building Automation System (BAS) Controls 


E. Section 232123:  Pumps and Hydronic Specialties 


F. Section 233113:  Air Distribution 


G. Section 233412:  Air Handling Equipment 


H. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products.  Units shall not be fabricated 
by the Contractor. 


B. Codes and Standards:  Provide components and pumps conforming to the 
requirements of the latest addition of the following: 
1. American Society of Mechanical Engineers (ASME):  Boiler and Pressure 


Vessel Code 
a. Section VIII D1 -Rules for Construction of Pressure Vessels 


including Addendums 
b. Section VIII D2 - Rules for Construction of Pressure Vessels 


including Addendums 
c. Section IX - Qualification Standard for Welding and Brazing 


Procedures, Welders, Brazers, and Welding and Brazing Operators 
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including Addendums 
d. B31.1 - Power Piping 


2. National Electrical Manufacturers Association (NEMA):  Provide electrical 
components that comply with NEMA Standards. 


3. National Fire Protection Association (NFPA): 
a. (CEC) - California electrical Code 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for units showing 
dimensions, weights (shipping, installed, and operating), capacities, ratings, 
performance with operating point clearly indicated, motor electrical characteristics, 
finishes of materials, and installation instructions. 


B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight 
(shipping, operating), required clearances, methods of assembly of components, and 
location and size of each field connection. 


C. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, tube replacement, motor and drive replacement, and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in operating and 
maintenance manuals. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect units against dirt, water, chemical, and mechanical damage.  Do 
not install damaged units - remove from project site. 


C. Rigging:  Comply with the manufacturer's rigging and installation instructions. 


1.7 WARRANTY 


A. Provide general one-year (12 months) warranty.  The warranty shall include parts, 
labor, travel costs, and living expenses incurred by the manufacturer to provide 
factory authorized service. 


PART 2 - PRODUCTS 


2.1 SHELL AND TUBE HEAT EXCHANGER (CONVERTER) 


A. General: 
1. Furnish and install shell and tube type steam to hot water heat exchanger of 


capacity and size.  Installation in accordance with manufacturer's 
recommendations. 


B. Type: 
1. Shell and tube, U-bend removable tube bundle, steam in shell, water in 


tubes.  Equipped with mounting legs. 


C. Materials: 
1. Shell - steel. 
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2. Tubes - 3/4" OD copper. 
3. Heads - cast iron or steel. 
4. Tube sheets - steel. 
5. Tube supports - steel. 


D. Construction: 
1. Form No. U-1.  The ASME "U" symbol should also be stamped on the heat 


exchanger.  In addition, each unit is registered with the National Board of 
Boiler and Pressure Vessel Inspectors. 


E. Installation: 
1. The steam supply line shall be adequately sized and equipped with a steam 


control valve.  The steam control valve shall be actuated by a thermal control 
element in the hot water line from the exchanger. 


2. Exchanger shall have adequate condensate return line equipped with proper 
trap for steam system. 


3. Exchanger shall be equipped with proper vacuum breaker and/or vent as 
required. 


F. Manufacturer:  Bell & Gossett or approved equal by Taco. 


2.2 PLATE TYPE HEAT EXCHANGER 


A. General: 
1. Furnish and install plate type heat exchanger of capacity and size.  Install in 


accordance with manufacturer's recommendations. 
2. Heat exchanger selections shall be verified by the manufacturer to provide 


required heat transfer surface area for specified capacity and pressure drop 
conditions. 


B. Channel Plates: 
1. Corrugated channel plates shall be type stainless steel. 


C. Gaskets: 
1. Channel plate ports to be double gasketed to prevent mixing or cross-


contamination of hot side and cold side fluids.  Gaskets to be Nitrile. 


D. Carrying Bars: 
1. Channel plate carrying bars to be stainless steel. 


E. Frame Plates & Pressure Plates: 
1. Fixed frame plates and movable pressure plates to be corrosion resistant 


epoxy painted carbon steel. 


F. Connections: 
1. Piping connections 2" and smaller to be stainless steel NPT nozzles. 
2. Piping connections 4" and larger to be studded port design to accept ANSI 


flange connections. 
3. Connection ports to be integral to the frame or pressure plate. 


G. Splash Guards: 
1. Finished units to be provided with OSHA required, formed aluminum splash 


guards to enclose exterior channel plate and gasket surfaces. 
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H. Design Pressure/Temperature: 
1. Units to be designed for minimum 150 psig working pressure.  Assembled 


units to be hydrostatically tested at 1.5 times full differential design pressure. 


I. Construction: 
1. The ASME "U" symbol should also be stamped on the heat exchanger.  The 


manufacturer must be registered with the National Board. 


J. Manufacturer: 
1. Heat exchangers shall be Bell and Gossett, Alfa Laval, or equal. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in 
accordance with industry standards and manufacturer's recommended installation 
instructions. 


B. Provide vibration isolation, inertia bases, seismic snubbers, flexible pipe connections, 
etc, as specified in related specification sections. 


C. Mechanical contractor to assist testing and balancing contractor in verifying correct 
pump rotation and system operation. 


D. Flush and clean equipment, in accordance with manufacturer's start-up instructions, 
and in presence of manufacturer's representative.  Test controls and demonstrate 
compliance with requirements.  Replace damaged or malfunctioning controls. 


E. Contractor to coordinate all electrical requirements with electrical contractor. 


3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify 
pump systems mounting, verify piping installation, verify control wiring, verify power 
wiring, and check for proper operation.  The service technician shall provide final 
adjustments to meet the specified performance requirements.  Fully staffed parts 
and service personnel shall be within four hours travel from the job site. 


END OF SECTION 


 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing

		C. Section 230700:  Mechanical Insulation

		D. Section 230900:  Building Automation System (BAS) Controls

		E. Section 232123:  Pumps and Hydronic Specialties

		F. Section 233113:  Air Distribution

		G. Section 233412:  Air Handling Equipment

		H. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide systems that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Codes and Standards:  Provide components and pumps conforming to the requirements of the latest addition of the following:



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data for units showing dimensions, weights (shipping, installed, and operating), capacities, ratings, performance with operating point clearly indicated, motor electrical characteristics, finishes of materials, and installation instructions.

		B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight (shipping, operating), required clearances, methods of assembly of components, and location and size of each field connection.

		C. Maintenance Data:  Submit maintenance instructions, including instructions for lubrication, tube replacement, motor and drive replacement, and spare parts lists.  Include this data, product data, shop drawings, and wiring diagrams in operating and maintenance manuals.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver units to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect units against dirt, water, chemical, and mechanical damage.  Do not install damaged units - remove from project site.

		C. Rigging:  Comply with the manufacturer's rigging and installation instructions.



		1.7 WARRANTY

		A. Provide general one-year (12 months) warranty.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.





		PART 2 - PRODUCTS

		2.1 SHELL AND TUBE HEAT EXCHANGER (CONVERTER)

		A. General:

		B. Type:

		C. Materials:

		D. Construction:

		E. Installation:

		F. Manufacturer:  Bell & Gossett or approved equal by Taco.



		1.1 PLATE TYPE HEAT EXCHANGER

		A. General:

		A. Channel Plates:

		A. Gaskets:

		A. Carrying Bars:

		A. Frame Plates & Pressure Plates:

		A. Connections:

		A. Splash Guards:

		A. Design Pressure/Temperature:

		A. Construction:

		A. Manufacturer:





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in accordance with industry standards and manufacturer's recommended installation instructions.

		B. Provide vibration isolation, inertia bases, seismic snubbers, flexible pipe connections, etc, as specified in related specification sections.

		C. Mechanical contractor to assist testing and balancing contractor in verifying correct pump rotation and system operation.

		D. Flush and clean equipment, in accordance with manufacturer's start-up instructions, and in presence of manufacturer's representative.  Test controls and demonstrate compliance with requirements.  Replace damaged or malfunctioning controls.

		E. Contractor to coordinate all electrical requirements with electrical contractor.



		3.2 MANUFACTURER'S START-UP SERVICES

		A. The manufacturer shall provide start-up service in the form of a factory trained service technician.  The service technician shall verify correct installation, verify pump systems mounting, verify piping installation, verify control wiring, verify power wiring, and check for proper operation.  The service technician shall provide final adjustments to meet the specified performance requirements.  Fully staffed parts and service personnel shall be within four hours travel from the job site.
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PART 1 - GENERAL 


1.1 PURPOSE 


A. The owner is pursuing a LEED v3/2009 Gold certification for the project. 


B. The purpose of this Section is to define the LEED design and documentation 
submittal requirements the Design-Build contractor is responsible for and must 
include in his work.  Reduction in scope of work or reduction in specified equipment 
efficiency will not be allowed for this project. 


C. LEED documentation and calculations will be required for the prerequisites and 
credits as listed in this Section.  The contractors involved in performing work for this 
Section shall provide documentation where necessary to assist the Design 
Professionals in completing all documentation to obtain LEED certification.  The 
Design Professionals will be responsible for final documentation submittal, along 
with the other discipline design professionals, to USGBC.  Contractor may obtain 
further program documentation by visiting www.usgbc.com. 


D. Contractor(s) shall demonstrate and provide systems and functions that meet or 
exceed the requirements of the LEED certification process listed herein and in all 
other Division 23 Mechanical sections and the construction drawings. 


1.2 APPLICABLE REQUIREMENTS 


A. All work under this Section shall comply with the requirements of General 
Conditions, Supplemental Conditions, Special Conditions and Division 01, “General 
Requirements” and shall include all Mechanical Sections specified herein. 


1.3 RELATED WORK SPECIFIED ELSEWHERE   


A. All Division 23 Mechanical sections included herein. 


1.4 APPLICABLE STANDARDS OR GUIDELINES 


A. Provide in accordance with requirements of the United States Green Building 
Council (USGBC) for the following: 
1. LEED Version 3/2009 Building Design + Construction Reference Guide as 


published by the USGBC. 
2. LEED Green Building Rating System for Existing Buildings as published by 


the USGBC. 
3. LEED for Commercial Interiors Rating System as published by the USGBC. 


1.5 DESIGN SUBMITTALS 


A. Contractor shall submit LEED documentation and calculations as required as a 
project team member. 
1. The Design-Builder must coordinate with the project LEED Manager 


Professional who will be responsible for all aspects of the LEED process. 
2. The Design-Builder must designate an on-site field staff person to assist the 


LEED Manager Professional and be the contact for all LEED prerequisites 
and credit documentation, subcontractor supervision and submittal 



http://www.usgbc.com/
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coordination and to manage the Design-Builder’s portions of the LEED-
Online submittal process. 


3. Documentation for LEED prerequisites and credit must be submitted in the 
format required by the USGBC for review using LEED-Online. Including all 
required credit audit documentation, completion of LEED calculators, and 
LEED credit templates.  


4. Additional information on LEED and how to purchase copies of the LEED 
v3/2009 for BD+C: New Construction and major Renovation reference guide 
and how to use LEED-Online can be found at www.usgbc.org and 
https://LEEDonline.usgbc.org 


1.6 QUALITY ASSURANCE (QA) 


A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for 
compliance and coordination of responsibilities contained in this specification 
section. 
1. QA Responsibilities: 


a. Review Criteria Documents carefully for LEED 
b. Coordinate work of trades, subcontractors, and suppliers relating to 


LEED-related issues. 
c. Instruct workers relating to LEED-related issues. 
d. Oversee Design-Build LEED-related issues. 
e. Coordinate with Commissioning Authority on all Commissioning 


related activities and requirements. 
2. QA in Job Progress Meetings: 


a. All regularly scheduled job progress meetings will contain a heading 
for Environmental Procedures and LEED. 


b. All regularly scheduled job meetings will contain a heading for 
Commissioning Items on the Agenda. 


c. Environmental Procedures and Commissioning will be presented at 
the following meetings: 
1) Pre-construction meeting. 
2) Pre-installation meetings. 
3) Special sustainability issues meetings. 
4) Commissioning Scoping Meeting. 


B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must 
coordinate with the LEED Manager to schedule and conduct a meeting with the 
Owner and discipline designers to discuss the Design Builder's Proposed 
Environmental Procedure Compliance Plan(s). 


1.7 LEED CERTIFICATION MEETINGS 


A. Design-Builder will conduct LEED Certification meetings as required with his sub-
consultants and subcontractors, in addition to those meetings outlined in Agreement.  
Meetings must be attended by the following personnel: 
1. Design-Builder’s Project Manager  
2. Owner 
3. Design-Builder’s LEED professional staff persons 
4. Sub-consultant representatives as appropriate to stage of work 
5. Subcontractor representatives as appropriate to stage of work 



https://leedonline.usgbc.org/
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B. At a minimum, LEED certification goals and issues will be discussed at the following 
meetings: 
1. Preconstruction Meetings 
2. Progress Meetings 
3. Subcontractor Meetings 
4. Monthly Design-Build LEED Meetings.  Meetings should be scheduled as a 


part of regularly scheduled job meetings on site. 


1.8 LEED COMPLIANCE 


A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a 
LEED Compliance Plan for determining compliance of proposed design with 
certification as defined by the LEED program.  The Plan will include a LEED Credit 
matrix and a discussion accompanying and/or associated with each and every 
intended/selected credit point describing how the design will comply with that 
specific credit requirement.  These in turn will be correlated to a timeline that will 
adequately illustrate: 
1. The definition and applied requirement of each credit in the design and/or 


construction. 
2. The implementation of that credit into the actual work. 
3. The expected compilation of the required credit submittal documents for 


each goal. 
4. The date of submission of all the required documentation to the US Green 


Building Council. 
5. The expected time period for corrections and resubmissions. 
6. The final approval for LEED Certification. 


B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the 
specification sections, submit the following: 
1. All proposed substitution requests that may affect meeting requirements of 


this Section and the LEED certification program. 
2. All LEED Submittals necessary for the certification process and in 


accordance with the LEED Compliance Plan. 


C. This specification section is intended to supplement and not supersede the 
requirements of other sections of the specifications and drawings. 


1.9 SUBMITTALS 


A. Submit additional LEED submittal requirements included in other Sections of the 
Specifications. 


B. Design-Builder must submit and receive approval from the USGBC on enough 
credits as required to achieve the required LEED Project Certification rating. 


C. LEED submittals must be prepared and submitted using the LEED-Online Credit 
web based application and minimum system requirements. 
1. The Design-Builder is responsible for obtaining Project access to LEED-


Online and joining the Project. 
2. Once the Design-Builder has joined the Project through LEED-Online, the 


LEED Consultant will assign the LEED credits that the Design-Builder is 
responsible for completing. 
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D. LEED submittals are in addition to other submittals.  If submitted item is identical to 
that submitted to comply with other requirements, submit duplicate copies as a 
separate submittal to verify compliance with indicated LEED requirements. 


E. Design-Build Materials Cost Data: 
1. Specific Material cost data for individual components and materials (not 


including labor) will be required to be provided as part of some LEED pre-
requisite and credit requirements submittals. 


2. Consistent numbers must be applied to various LEED credits submittals 
requiring similar material cost data. 


F. Complete required LEED -Online Credit Templates declaring that all LEED credit 
requirements have been met.  


G. With submittals provide the following:  
1. Submittals for review with Basis of Design. 


a. LEED matrix identifying both the design and construction credits 
selected to achieve the LEED certification.  


b. Identify key players who are responsible for designing, 
implementing and documenting each LEED credit.  


c. Describe, through narrative, the approach that is taken to achieve 
each LEED credit.  Include a schedule for task completion that 
corresponds with the overall Construction Schedule. 


d. Provide new performance criteria and concept drawings for any 
items required to achieve the LEED Certification which are not 
included in the Contract Documents. 


2. Submittals for review during Construction Documents Phase. 
a. Update the LEED matrix identifying the credits and points selected 


to achieve at a minimum, the required LEED certification. 
3. Submittals for review during Construction Phase. 


a. Update the LEED matrix identifying the credits and points selected 
to achieve at a minimum, the required LEED certification.  


b. Draft copies of the Construction Submittal Credit Templates (refer to 
LEED Design submittal requirements) and required LEED 
documentation. 


4. Submittals for review at time of Closeout.  
a. Final the LEED matrix identifying the credits and points selected to 


achieve at a minimum, the required LEED certification.  
b. Final copies of the Construction Submittal Credit Templates (refer to 


LEED Design submittal requirements) and required LEED 
documentation. 


c. LEED Certification documentation from USGBC. 
5. All approved Substitution Request Forms related to this Section.  


1.10 SPECIAL PRODUCTS AND SUBSITUTIONS  


A. Notify the Owner’s Representative when Design-Builder wishes to substitute 
materials, equipment, or products that meet the aesthetic and programmatic intent of 
the Construction Documents and offer equivalent or increased environmental 
sensitivity to materials, equipment, or products specified to meet LEED requirements 
as indicated in the Construction Documents. 


B. Substitutions that may affect LEED certification must be clearly stated as such.  
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C. Comply with the requirements of Division 1 as follows:  
1. Prior to submitting detailed information submit the following for initial review 


by the LEED Manager Professional.  
a. Product data including manufactures names, address, and phone 


number.  
b. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
c. Description of the differences of the proposed substitution from 


specified product related to LEED requirements.  Include description 
of environmental advantages of proposed substitution over specified 
product.  


d. The Design-Builder is responsible for re-submittal of all calculations, 
and documentation of products or material substitutions that affect 
LEED prerequisites and applies to any credits previously submitted 
as part of the LEED Design Application Submittal and all credits 
included in the LEED Construction Submittal.  Products that do not 
meet these requirements should not be submitted for substitution. 


e. Substitutions of materials and products specified as part of the 
Agreement Documents in the following areas (but not necessarily 
limited to these items) will require review and potential re-submittal 
of LEED Design Application Pre-requisites and Credits: 
1) HVAC equipment, systems and controls 
2) CO2 monitoring system 


f. Substituted products must not be ordered or installed without written 
acceptance by the Owner. 


2. Requests for Substitutions  
a. Submit a separate request for each LEED related product 


substitution. 
b. Identify product Specification Section and LEED credit or credits, if 


applicable. 
c. List similar projects using product, dates of installation, and names 


of builders and owners. 
d. Give itemized comparison of proposed substitution with specified 


product, listing variations, and reference Specification Section and 
Article number. 


e. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
f. Give cost data comparing proposed substitution with specified 


product and amount of net change to Agreement Sum.  The cost 
data should be based on life cycle analysis for each affected 
product including annual energy consumption and maintenance 
costs. 


g. Identify the effect of substitution on construction schedule and 
changes required in other work of products. 


PART 2 - PRODUCTS – NOT USED 


PART 3 - EXECUTION 


3.1 LEED DOCUMENTATION 


A. General 
1. Documentation is listed according to the appropriate LEED prerequisite or 


credit.  Some credits may be modified, removed or added during the course 
of construction as required to obtain the LEED


 
rating as required by the 
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Owner.  At the Owner’s preference the Design-Build contractor is 
responsible for providing engineering support for available measures listed 
in the following sections. 


B. General Requirements 
1. Coordinate with the electrical contractor to ensure that the LEED electrical 


and lighting requirements are satisfied. 
2. Coordinate with the General Contractor to ensure that the LEED general 


requirements are satisfied. 


3.2 ENERGY AND ATMOSPHERE 


A. Prerequisite 1 - Fundamental Building Systems Commissioning 
1. See project commissioning specifications. 


B. Prerequisite 2 - Minimum Energy Performance 
1. Using one of three options provided by LEED establish that the project 


meets a minimum level of energy efficiency in excess of ASHRAE 90.1-
2007. 


C. Prerequisite 3 – Fundamental Refrigerant Management/CFC Reduction in HVAC&R 
Equipment 
1. Provide the documentation as described in LEED


TM 
Online, stating the 


building’s HVAC&R systems do not use CFC-based refrigerants or that a 
phase-out plan is in place. Provided by Mechanical Engineer, confirmed by 
Contractor. 


D. Credit 1 - Optimize Energy Performance 
1. Collaborate with the project team to achieve and document energy savings 


performance as deemed cost effective by the project developer. 
2. Demonstrate via summary printout from energy simulation software the 


design energy cost is less than the energy cost baseline budget as defined 
in ASHRAE/IESNA 90.1-2007 using Appendix G of the Standard. 


3. ASHRAE Advanced Design Guides:  (Maximum 1 points) 
4. Comply with the Basic Criteria and Prescriptive Measures of the Advanced 


Buildings Core Performance Guide.  (3 points maximum possible) 


E. Credit 2 – On-Site Renewable Energy.  Provide documentation of energy produced 
on-site using solar thermal or other thermal based renewable energy systems 
compared to building annual energy cost from EA Credit 1. 


F. Credit 3 – Enhanced Commissioning 
1. Collaborate with the Commissioning agent engaged to provide enhanced 


commissioning services including 
a. Provide submittals of commissioned system for review. 
b. Provide assistance in the development of a systems manual. 
c. Provide coordination to assist the agent in confirming training 


requirements have been met. 
d. Respond to commissioning-related issues resulting from agent’s 10 


month post occupancy review. 
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G. Credit 5 - Measurement & Verification 
1. Develop and implement an M&V plan consistent with either Option D or 


Option B of the IPMVP. 
2. Provide a process for corrective action if at the end of one year, the results 


of the M&V plan examination of energy use indicates savings are not being 
achieved. 


3.3 INDOOR ENVIRONMENTAL QUALITY 


A. Prerequisite 1 - Minimum IAQ Performance 
1. Provide documentation that the project meets ASHRAE 62.1-2007 Standard 


for Ventilation for Acceptable Indoor Air quality and that the project has been 
designed using the ventilation rate procedure or a more strict local code. 


B. Prerequisite 3 – Minimum Acoustical Performance 
1. If the project is a school, collaborate with the Architect to meet the 


acoustical requirements, including a maximum background noise from 
HVAC of 45 dBA. 


C. Credit 1 – Outdoor Air Delivery Monitoring 
1. Monitor carbon dioxide concentrations within all densely occupied spaces. 


(greater than 25 occupants/100 sf) 
2. Provide outdoor air measurement device for systems serving non-densely 


occupied spaces. 
3. Documentation includes: 


a. Confirmation of the type of ventilation system and controls. 
b. Prepare design narrative describing the ventilation design and CO2 


monitoring system. 
c. Drawings showing the location of sensors. 


D. Credit 2 – Increased Ventilation 
1. Increase breathing zone outdoor air by a minimum of 30% above minimums 


specified by ASHRAE. 
2. Provide narrative of ventilation system for all mechanically ventilated spaces 


including intake volume for specific occupied zones to demonstrate the 
design exceeds standards by 30%. 


E. Credit 3.1 - Construction IAQ Management Plan - During Construction 
1. Construction IAQ Management Plan:  Collaborate with the general 


contractor to submit and implement an IAQ Management Plan for the 
construction process meeting the requirements of the SMACNA IAQ 
Guidelines.  This plan should address the protection of the ventilation 
system components during construction and cleanup of contaminated 
components after construction is complete.  SMACNA IAQ Guideline 
recommends control measures in five areas.  This documentation shall be 
provided by Contractor and submitted to Mechanical Engineer.  The IAQ 
Management Plan should address how compliance has been achieved in 
these required five areas as follows: 
a. HVAC Protection 


1) Shutdown of return side of existing HVAC system in areas 
affected by heavy construction. 


2) Provision of temporary filters if existing or new systems 
must remain operational during construction. 
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3) Dampening of supply and returns and sealing of openings in 
areas subject to construction dust. 


b. Source Control 
1) How will reduction of contaminants be reduced at the 


source? 
2) What steps will be taken to employ low emitting products 


and sealants. 
3) How will air-handling equipment be cycled off when not 


needed. 
c. Pathway Interruption 


1) Describe how the construction space will be ventilated as 
required to dilute contaminants. 


2) Describe how occupied spaces adjacent to construction 
areas will be kept at positive pressure relative to spaces 
under construction. 


d. Housekeeping:  Describe how the following housekeeping 
objectives will be implemented: 
1) Reduction of dust generated by work will be suppressed. 
2) Maintaining a frequent cleaning frequency for dust and 


particulates. 
3) Remove spills or excess applications of solvent-containing 


products as soon as possible. 
4) Remove accumulated water and keep work areas as dry as 


possible. 
e. Protect insulation materials from exposure to moisture. 
f. Scheduling:  Describe how overlap of construction activity and 


ongoing building occupancy activities will be minimized. 
2. Provide the LEED


TM
 Letter Template, signed by the responsible party, listing 


each different filtration medium used during construction and at the end of 
construction.  Include Minimum Efficiency Reporting Value (MERV), 
manufacturer name and model number for MERV 8 filtration.  This 
documentation shall be provided by Contractor and submitted to Mechanical 
Engineer. 


F. Credit 3.2 - Construction IAQ Management Plan - Before Occupancy 
1. Provide documentation of the building flush-out procedures including dates 


of building flush out to comply with the requirement of 14,000 cubic feet of 
outdoor air per square foot of floor area. 


2. Credit 5 - Indoor Chemical & Pollutant Source Control 
3. Provide the documentation that independent exhaust ventilation has been 


installed for housekeeping areas and copy/printing rooms at 0.5 cfm/sq/ft/ 
and a negative pressure differential of 7 Pa has been achieved. 


G. Credit 6.2 Controllability of Systems for Thermal Comfort 
1. Document the provisions made to provide individual comfort controls for a 


minimum of 50% of the building occupants to enable adjustment to 
individual needs. 


H. Credit 7.1 - Thermal Comfort - ASHRAE 55-2004 
1. For all mechanically ventilated spaces, provide documentation of the project 


compliance with ASHRAE Standard 55-2004.  Include a table that identifies 
each thermally controlled zone, and summarizes for each zone the 
temperature and humidity control ranges and the method of control used. 
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3.4 INNOVATION & DESIGN PROCESS 


A. Credit 1 - Innovation in Design 
1. Coordinate with Architect and General Contractor for LEED


TM
 Letter 


Template information required for applicable Innovation in Design credit(s). 


END OF SECTION 





		PART 1 - GENERAL

		1.1 PURPOSE

		A. The owner is pursuing a LEED v3/2009 Gold certification for the project.

		B. The purpose of this Section is to define the LEED design and documentation submittal requirements the Design-Build contractor is responsible for and must include in his work.  Reduction in scope of work or reduction in specified equipment efficiency will not be allowed for this project.

		C. LEED documentation and calculations will be required for the prerequisites and credits as listed in this Section.  The contractors involved in performing work for this Section shall provide documentation where necessary to assist the Design Professionals in completing all documentation to obtain LEED certification.  The Design Professionals will be responsible for final documentation submittal, along with the other discipline design professionals, to USGBC.  Contractor may obtain further program documentation by visiting www.usgbc.com.

		D. Contractor(s) shall demonstrate and provide systems and functions that meet or exceed the requirements of the LEED certification process listed herein and in all other Division 23 Mechanical sections and the construction drawings.



		1.2 APPLICABLE REQUIREMENTS

		A. All work under this Section shall comply with the requirements of General Conditions, Supplemental Conditions, Special Conditions and Division 01, “General Requirements” and shall include all Mechanical Sections specified herein.



		1.3 RELATED WORK SPECIFIED ELSEWHERE  

		A. All Division 23 Mechanical sections included herein.



		1.4 APPLICABLE STANDARDS OR GUIDELINES

		A. Provide in accordance with requirements of the United States Green Building Council (USGBC) for the following:



		1.5 DESIGN SUBMITTALS

		A. Contractor shall submit LEED documentation and calculations as required as a project team member.



		1.6 QUALITY ASSURANCE (QA)

		A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for compliance and coordination of responsibilities contained in this specification section.

		B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must coordinate with the LEED Manager to schedule and conduct a meeting with the Owner and discipline designers to discuss the Design Builder's Proposed Environmental Procedure Compliance Plan(s).



		1.7 LEED CERTIFICATION MEETINGS

		A. Design-Builder will conduct LEED Certification meetings as required with his sub-consultants and subcontractors, in addition to those meetings outlined in Agreement.  Meetings must be attended by the following personnel:

		B. At a minimum, LEED certification goals and issues will be discussed at the following meetings:



		1.8 LEED COMPLIANCE

		A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a LEED Compliance Plan for determining compliance of proposed design with certification as defined by the LEED program.  The Plan will include a LEED Credit matrix and a discussion accompanying and/or associated with each and every intended/selected credit point describing how the design will comply with that specific credit requirement.  These in turn will be correlated to a timeline that will adequately illustrate:

		B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the specification sections, submit the following:

		C. This specification section is intended to supplement and not supersede the requirements of other sections of the specifications and drawings.



		1.9 SUBMITTALS

		A. Submit additional LEED submittal requirements included in other Sections of the Specifications.

		B. Design-Builder must submit and receive approval from the USGBC on enough credits as required to achieve the required LEED Project Certification rating.

		C. LEED submittals must be prepared and submitted using the LEED-Online Credit web based application and minimum system requirements.

		D. LEED submittals are in addition to other submittals.  If submitted item is identical to that submitted to comply with other requirements, submit duplicate copies as a separate submittal to verify compliance with indicated LEED requirements.

		E. Design-Build Materials Cost Data:

		F. Complete required LEED -Online Credit Templates declaring that all LEED credit requirements have been met. 

		G. With submittals provide the following: 



		1.10 SPECIAL PRODUCTS AND SUBSITUTIONS 

		A. Notify the Owner’s Representative when Design-Builder wishes to substitute materials, equipment, or products that meet the aesthetic and programmatic intent of the Construction Documents and offer equivalent or increased environmental sensitivity to materials, equipment, or products specified to meet LEED requirements as indicated in the Construction Documents.

		B. Substitutions that may affect LEED certification must be clearly stated as such. 

		C. Comply with the requirements of Division 1 as follows: 





		PART 2 - PRODUCTS – NOT USED

		PART 3 - EXECUTION

		3.1 LEED DOCUMENTATION

		A. General

		B. General Requirements



		3.2 ENERGY AND ATMOSPHERE

		A. Prerequisite 1 - Fundamental Building Systems Commissioning

		B. Prerequisite 2 - Minimum Energy Performance

		C. Prerequisite 3 – Fundamental Refrigerant Management/CFC Reduction in HVAC&R Equipment

		D. Credit 1 - Optimize Energy Performance

		E. Credit 2 – On-Site Renewable Energy.  Provide documentation of energy produced on-site using solar thermal or other thermal based renewable energy systems compared to building annual energy cost from EA Credit 1.

		F. Credit 3 – Enhanced Commissioning

		G. Credit 5 - Measurement & Verification



		3.3 INDOOR ENVIRONMENTAL QUALITY

		A. Prerequisite 1 - Minimum IAQ Performance

		B. Prerequisite 3 – Minimum Acoustical Performance

		C. Credit 1 – Outdoor Air Delivery Monitoring

		D. Credit 2 – Increased Ventilation

		E. Credit 3.1 - Construction IAQ Management Plan - During Construction

		F. Credit 3.2 - Construction IAQ Management Plan - Before Occupancy

		G. Credit 6.2 Controllability of Systems for Thermal Comfort

		H. Credit 7.1 - Thermal Comfort - ASHRAE 55-2004



		3.4 INNOVATION & DESIGN PROCESS

		A. Credit 1 - Innovation in Design
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work under this Section shall comply with the requirements of General 
Conditions, Supplemental Conditions, Special Conditions and Division 01 - General 
Requirements, and shall include all Mechanical Sections specified herein. 


1.2 SCOPE OF THIS SECTION 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Compliance with all codes and standards applicable to this jurisdiction 
2. Shop Drawings for Equipment 
3. Coordination Documents 
4. Record Drawings 
5. Start-up Service and Building Commissioning 
6. Instruction, Maintenance, and O & M Manuals 
7. Work associated with Delivery, Storage, and Handling of products 
8. Work associated with provision of Temporary Facilities 
9. Preparation of Posted Operating Instructions 
10. Meeting Project Safety and Indemnity requirements 
11. Proper Cleaning and Closing 
12. Supplying proper Warranty information 
13. Supply specified Guarantee documentation 
14. Design and provision of Supports and Anchors 
15. Pipe Portals 
16. Pipe Supports 
17. Equipment Rails 
18. Access Panels and Doors 
19. Identification Markers 
20. Coordination of Electrical requirements for equipment provided 


1.3 DESCRIPTION OF WORK 


A. The Contract Documents, including Specifications and Construction Drawings, are 
intended to provide all material and labor to install complete heating, ventilating, air 
conditioning systems for the building and shall interface with all existing building 
systems affected by new construction. 


B. The Contractor shall refer to the architectural interior details, floor plans, elevations, 
and the structural and other Contract Drawings and shall coordinate this work with 
that of the other trades to avoid interference.  The plans are diagrammatic and show 
generally the locations of the fixtures, equipment, and pipe lines and are not to be 
scaled; all dimensions and existing conditions shall be checked at the building. 


C. The Contractor shall comply with the project closeout requirements as detailed in 
General Requirements of Division 01. 
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D. Where project involves interface with existing building and site systems, every effort 
has been made to note existing utilities and services.  However, the Contractor 
should thoroughly familiarize themselves with existing conditions and be aware that 
in some cases information is not available as to concealed conditions, which exist in 
portions of the existing building affected by this work. 


1.4 DESCRIPTION OF BID DOCUMENTS 


A. Specifications: 
1. Specifications, in general, describe quality and character of materials and 


equipment. 
2. Specifications are of simplified form and include incomplete sentences. 


B. Drawings: 
1. Drawings in general are diagrammatic and indicate sizes, locations, 


connections to equipment and methods of installation. 
2. Before proceeding with work check and verify all dimensions. 
3. Assume all responsibility for fitting of materials and equipment to other parts 


of equipment and structure. 
4. Make adjustments that may be necessary or requested, in order to resolve 


space problems, preserve headroom, and avoid architectural openings, 
structural members and work of other trades. 


5. Where existing pipes, conduits and/or ducts prevent installation of new work 
as indicated, relocate, or arrange for relocation, of existing pipes, conduits 
and/or ducts.  Verify exact location and elevation of existing piping prior to 
any construction. 


6. If any part of Specifications or Drawings appears unclear or contradictory, 
apply to Owner’s Representative interpretation and decision as early as 
possible, including during bidding period. 


1.5 DEFINITIONS 


A. “Above Grade”:  Not buried in the ground and not embedded in concrete slab on 
ground. 


B. “Accessible”:  Ability to perform recommended maintenance without removal of 
services or equipment and requiring no special platforms. 


C. “Actuating” or “Control” Devices:  Automatic sensing and switching devices such as 
thermostats, pressure, float, electro-pneumatic switches and electrodes controlling 
operation of equipment. 


D. “Below Grade”:  Buried in the ground or embedded in concrete slab on ground. 


E. “Concealed”:  Embedded in masonry or other construction, installed in furred 
spaces, within double partitions or hung ceilings, in trenches, in crawl spaces, or in 
enclosures.  In general, any item not visible or directly accessible. 


F. “Connect”:  Complete hook-up of item with required service. 


G. “Exposed”:  Not installed underground or “concealed.” 


H. “Furnish”:  To supply equipment and products as specified. 
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I. “Indicated,” “Shown” or “Noted”:  As indicated, shown or noted on Drawings or 
Specifications. 


J. “Install”:  To erect, mount and connect complete with related accessories. 


K. “Motor Controllers”:  Manual or magnetic starters (with or without switches), 
individual push buttons or hand-off-automatic (HOA) switches controlling the 
operation of motors. 


L. "Must":  A desire to complete the specified task.  Allows some flexibility in 
application as opposed to "Shall." 


M. “NRTL”: Nationally Recognized Testing Laboratory, including UL and/or ETL. 


N. “Piping”:  Pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports, 
unions, traps, drains, insulation, and related items. 


O. “Provide”:  To supply, install and connect as specified for a complete, safe and 
operationally ready system. 


P. “Reviewed,” “Satisfactory” or “Directed”:  As reviewed, satisfactory, or directed by or 
to Architect/Engineer/Owner. 


Q. “Rough-In”:  Provide all indicated services in the necessary arrangement suitable for 
making final connections to fixture or equipment. 


R. “Shall”:  An exhortation or command to complete the specified task. 


S. “Similar” or “Equal”:  Of base bid manufacture, equal in materials, weight, size, 
design, and efficiency of specified products. 


T. “Supply”:  To purchase, procure, acquire and deliver complete with related 
accessories. 


U. “Typical” or “Typ”:  Exhibiting the qualities, traits, or characteristics that identify a 
kind, class, number, group or category.  Of or relating to a representative specimen.  
Application shall apply to all other similarly identified on plan or detail. 


V. “Will”:  A desire to complete the specified task.  Allows some flexibility in application 
as opposed to “Shall”. 


W. “Wiring”:  Raceway, fittings, wire, boxes and related items. 


X. “Work”:  Labor, materials, equipment, apparatus, controls, accessories, and other 
items required for proper and complete installation. 


1.6 RELATED WORK SPECIFIED ELSEWHERE 


A. All Division 23 Mechanical sections included herein. 


B. Division 33:  Utility Site Work.  <<<<<Coordinate with Civil Engineer>>>>> 
1. Coordination of excavation of trenches and the installation of mechanical 


systems and piping on site. 
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C. Division 03:  Concrete. 
1. All concrete work required for plumbing work shall be coordinated by 


Division 23 with Division 03 including: 
a. Concrete curbs and housekeeping pads for the mechanical 


equipment. 
b. Thrust blocks, pads, and boxes for mechanical equipment. 


D. Division 07:  Thermal and Moisture Protection. 
1. Flashing and sheet metal 
2. Sealants and caulking 
3. Firestopping 


E. Division 09:  Painting: 
1. Division 23 shall coordinate with Division 09 to perform all painting, except 


where specifically stated otherwise in Division 09. 
2. Painting of all exposed steel, piping, ductwork, insulation, equipment and 


materials 
3. Paint all exposed gas piping, interior and exterior to the building, yellow. 


F. Division 10:  Miscellaneous Metals. 
1. Exterior louvers and grilles shall be included in this Section. 


G. Division 26:  Electrical is related to work of: 
1. Power connections to all mechanical equipment 


H. Division 28: Electronic Safety and Security is related to work of: 
1. Fire protection alarms and relays 
2. Smoke detector and monitoring 
3. Life Safety Systems 


1.7 CODES AND STANDARDS 


A. The Contractor is cautioned that code requirements not explicitly detailed in these 
specifications or drawings, but which may be reasonably inferred or implied from the 
nature of the project, must be provided as part of the contract. 


B. Perform all tests required by governing authorities and required under all Division 23 
Sections.  Provide written reports on all tests. 


C. Electrical devices and wiring shall conform to the 2013 standards of CEC; all 
devices shall be UL listed and labeled. 


D. All accessible mechanical work shall comply with the minimum requirements of the 
Americans with Disabilities Act (ADA) and local amendments.  Compliance 
requirements applicable to HVAC work includes, but is not limited to, the following: 
1. Section 309: Operable parts shall be operable with one hand and shall not 


require tight grasping, pinching, or twisting of the wrist.  The force required 
to activate operable parts shall be 5 pounds maximum. 


2. Section 308.3: Temperature control devices mounted on walls with operable 
buttons shall be placed where clear floor or ground space allows a parallel 
approach and the side reach is unobstructed.  Operable parts shall be 
located 48” maximum above finished floor. 
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3. Section 308.3.2: Where a clear floor or ground space allows a parallel 
approach to an element and high reach is over an obstruction, the height of 
the obstruction shall be 34” maximum and depth of obstruction shall be 24” 
maximum. 


4. Section 404.2.9: Fire doors shall have a minimum opening force allowable 
by the applicable Building Code.  The force for pushing or pulling open a 
door other than fire doors shall be 5 pounds maximum. 


E. All excavation work must comply with all provisions of state laws including 
notification to all owners of underground utilities at least 48 business day hours, but 
not more than 10 business days, before commencing an excavation. 


F. Provide in accordance with rules and regulations of the following: 
1. Building Codes enforced by the Authority Having Jurisdiction in California: 


a. 2013 Building Standards Administrative Code, Part 1, Title 24 
California Code of Regulations (CCR). 


b. 2013 California Building Code (CBC), Part 2, Title 24 CCR (2012 
International Building Code with California Amendments) 


c. 2013 California Electrical Code (CEC), Part 3, Title 24 CCR (2011 
National Electrical Code with California Amendments) 


d. 2013 California Mechanical Code (CMC) Part 4, Title 24 CCR 2011 
Uniform Mechanical Code with California Amendments) 


e. 2013 California Plumbing Code (CPC), Part 5, Title 24 CCR (2011 
Uniform Plumbing Code with California Amendments) 


f. 2013 California Energy Code (CEC), Part 6, Title 24 CCR 
g. 2013 California Fire Code, Part 9, Title 24 CCR (2012 International 


Fire Code with California Amendments 
h. 2013 California Green building Standards Code (CALGreen), Part 


11, Title 24 CCR. 
i. 2013 California Referenced Standards, Part 12, Title 24 CCR. 
j. Title 19 CCR Public Safety, State Fire Marshal Regulations. 


2. Local Health Department 
3. State Fire Marshal 
4. State Administrative Codes 


G. Provide in accordance with appropriate referenced standards of the following: 
1. NFPA - National Fire Protection Association 
2. AABC - Associated Air Balance Council 
3. CSA - Canadian Standards Association 
4. ADC - Air Diffuser Council 
5. AMCA - Air Moving and Conditioning Association 
6. ANSI - American National Standards Institute 
7. ARI - Air Conditioning and Refrigeration Institute 
8. ASHRAE - American Society of Heating, Refrigerating & Air Conditioning 


Engineers 
9. ASME - American Society of Mechanical Engineers 
10. ASTM - American Society for Testing Materials 
11. AWS - American Welding Society 
12. FM - Factory Mutual 
13. MSS - Manufacturer's Standardization Society 
14. NEMA - National Electrical Manufacturer's Association 
15. SMACNA - Sheet Metal and Air Conditioning Contractors National 


Association 
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16. UL - Underwriter's Laboratories 
17. ADA - Americans with Disabilities Act 
18. ETL - Electrical Testing Laboratories 


1.8 QUALITY ASSURANCE 


A. Manufacturer's Nameplates:  Nameplates on manufactured items shall be metallic 
riveted or bolted to the manufactured item, with nameplate data engraved or 
punched to form a non-erasable record of equipment data suitable for the ambient 
exposure.  


B. Current Models.  All work shall be as follows: 
1. Manufactured items furnished shall be the current, cataloged product of the 


manufacturer. 
2. Replacement parts shall be readily available and stocked in the USA. 


C. Experience:  Unless more stringent requirements are specified in other sections of 
Division 23, manufactured items shall have been installed and used, without 
modification, renovation or repair, on other projects for not less than one year prior 
to the date of bidding for this project. 


1.9 GENERAL REQUIREMENTS 


A. Examine all existing conditions at building site. 


B. Review contract documents and technical specifications for extent of new work to be 
provided. 


C. Provide and pay for all permits, licenses, fees and inspections. 


D. Prepare a Construction IAQ Management Plan meeting the SMACNA IAQ 
guidelines.  See Section 233113 Air Distribution for a summary of requirements. 


E. Install equipment and materials to provide required access for servicing and 
maintenance.  Coordinate the final location of concealed equipment and devices 
requiring access with final location of required access panels and doors.  Allow 
ample space for removal of all parts that require replacement or servicing.  This 
work shall include furnishing and installing all access doors required for mechanical 
access. 


F. Verify final locations for rough-ins with field measurements and with the 
requirements of the actual equipment to be connected.  Refer to Equipment 
Specifications in Divisions 02 through 48 for rough-in requirements. 


G. Coordinate mechanical equipment and materials installation with other building 
components. 


H. Verify all dimensions by field measurements. 


I. Arrange for chases, slots, and openings in other building components to allow for 
mechanical installations. 


J. Coordinate the installation of required supporting devices and sleeves to be set in 
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poured-in-place concrete and other structural components, as they are constructed. 


K. Sequence, coordinate, and integrate installations of mechanical materials and 
equipment for efficient flow of the work.  Give particular attention to large equipment 
requiring positioning prior to closing-in the building. 


L. Coordinate the cutting and patching of building components to accommodate the 
installation of mechanical equipment and materials.  Contractor shall provide for all 
cutting and patching required for installation of this work unless otherwise noted. 


M. Where mounting heights are not detailed or dimensioned, install mechanical 
services and overhead equipment to provide the maximum headroom possible. 


N. Install mechanical equipment to facilitate maintenance and repair or replacement of 
equipment components.  Connect equipment for ease of disconnecting, without 
interference with other installations. 


O. Coordinate the installation of mechanical materials and equipment above ceilings 
with ductwork, piping, conduits, suspension system, light fixtures, cable trays, 
sprinkler piping and heads, and other installations. 


P. Coordinate connection of mechanical systems with exterior underground and 
overhead utilities and services.  Comply with requirements of governing regulations, 
franchised service companies, and controlling agencies.  Provide required 
connection for each service. 


Q. Coordinate with Owner’s Representative in advance to schedule shutdown of 
existing systems to make new connections.  Provide valves in new piping to allow 
existing system to be put back in service with minimum down time. 


R. All materials (such as insulation, ductwork, piping, wiring, controls, etc.) located 
within air plenum spaces, air shafts, and occupied spaces shall have a flame-spread 
index of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM 
E84 (NFPA 255) Method.  In addition, the products, when tested, shall not drip flame 
particles, and flame shall not be progressive.  Provide Underwriters Laboratories, 
Inc., label or listing, or satisfactory certified test report from an approved testing 
laboratory to prove the fire hazard ratings for materials proposed for use do not 
exceed those specified. 


S. Coordinate installation of floor drains and floor sinks with work of other trades, such 
that finished floor slopes to drains and floor sinks are flush with surrounding floor. 


T. Products made of or containing lead, asbestos, mercury or other known toxic or 
hazardous materials are not acceptable for installation under this Division.  Any such 
products installed as part of the work of the Division shall be removed and replaced 
and all costs for removal and replacement shall be borne solely by the installing 
Contractor. 
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1.10 MINOR DEVIATIONS 


A. The Drawings are diagrammatic and show the general arrangements of all 
mechanical work and requirements to be performed.  It is not intended to show or 
indicate all offsets, fittings, and accessories which will be required as a part of the 
work of this Section. 


B. The Contractor shall review the structural and architectural conditions affecting their 
work.  It is the specific intention of this section that the contractor's scope of work 
shall include: 
1. Proper code complying support systems for all equipment whether or not 


scheduled or detailed on drawings or in these specifications 
2. Minor deviations from the mechanical plans required by architectural and 


structural coordination. 


C. The Contractor shall study the operational requirements of each system, and shall 
arrange work accordingly, and shall furnish such fittings, offsets, supports, 
accessories, as are required for the proper and efficient installation of all systems 
from the physical space available for use by this section.  This requirement extends 
to the Contractor's coordination of this section's work with the “Electrical Work”.  
Should conflicts occur due to lack of coordination, the time delay, cost of 
rectification, demolition, labor and materials, shall be borne by the Contractor and 
shall not be at a cost to the Owner. 


D. Minor deviations in order to avoid conflict shall be permitted where the design intent 
is not altered. 


E. Advise the Owner’s Representative, in writing, in the event a conflict occurs in the 
location or connection of equipment.  Bear all costs for relocation of equipment, 
resulting from failure to properly coordinate the installation or failure to advise the 
Owner’s Representative of conflict. 


1.11 SHOP DRAWINGS AND EQUIPMENT SUBMITTALS 


A. Prior to construction submit for review all materials and equipment in accordance 
with Division 01 requirements. 


B. After approval of preliminary list of materials, the Contractor shall submit Shop 
Drawings and manufacturer's Certified Drawings to the Owner’s Representative for 
approval. 


C. The Contractor shall submit approved Shop Drawings and manufacturer's 
equipment cuts, of all equipment requiring connection by Division 26, to the 
Electrical Contractor for final coordination of electrical requirements.  Contractor 
shall bear all additional costs for failure to coordinate with Division 26. 


D. Submittals and Shop Drawings: 
1. Submit electronic copies of manufacturer's submittal sheets in one (1) 


coordinated package per Division.  Multiple submissions will not be 
accepted without prior approval of Engineer.  Organize submittal sheets in 
sequential order aligned with matching specification section numbers. 
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2. Provide electronic copies of shop drawings prepared to show details of the 
proposed installation.  Copies of contract design drawings submitted to 
demonstrate shop drawing compliance will not be accepted. 


3. Paper submittals will only be acceptable if specifically required by Division 
01. 


4. The approved submittals shall be converted into Operations & Maintenance 
Manuals at the completion of the project.  Refer to Division 01 for additional 
requirements. 


1.12 COORDINATION DOCUMENTS/SHOP DRAWINGS 


A. The Contractor shall prepare coordinated Shop Drawings using the same electronic 
format as the contract documents.   
1. The shop drawings shall serve to record the coordination of the installation 


and location of all HVAC equipment, ductwork, grilles, diffusers, piping, fire 
sprinklers, lights, audio/video systems, electrical services and all system 
appurtenances. 


2. The Drawings shall include all mechanical rooms and floor plans. 
3. The Drawings shall be keyed to the structural column identification system, 


and shall be progressively numbered.  Prior to completion of the Drawings, 
the Contractor shall coordinate the proposed installation with the Owner’s 
Representative and the structural requirements, and all other trades 
(including HVAC, Plumbing, Fire Protection, Electrical, Ceiling Suspension, 
and Tile Systems), and provide maintenance access clearance as required 
by manufacturer installation instructions and as required to meet minimum 
code clearances.  When conflicts are identified, modify system layout as 
necessary to resolve.  Do not fabricate, order or install any equipment or 
materials until coordination documents are approved by the General 
Contractor and Owner’s Representative. 


4. Within thirty (30) days after award of Contract, submit proposed coordination 
document Shop Drawing schedule, allowing adequate time for review and 
approval by parties mentioned above.  Drawings or electronic coordination 
should be prepared and submitted for approval on a floor-by-floor basis to 
phase with building construction. 


B. The coordination work shall be prepared as follows: 
1. Two dimensional AutoCAD / Revit based documents: 


a. Contractor shall prepare AutoCAD/Revit coordination drawings to an 
accurate scale of 1/4" = 1'-0" or larger.  Drawings are to be same 
size as Contract Drawings and shall indicate locations, sizes and 
elevations above finished floor, of all systems. Lettering shall be 
minimum 1/8" high. 


b. Contractor shall obtain AutoCAD/Revit drawings from all other 
trades as required to fully coordinate the installation with 
architectural, structural, HVAC, plumbing, electrical, fire alarm 
devices, low voltage devices, and other systems that interface with 
and/or impact the HVAC work. 


c. Provide maintenance access clearance as required by manufacturer 
installation instructions and as required to meet minimum code 
clearances. 


d. Drawings shall incorporate all addenda items and change orders. 
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e. Distribute drawings to all other trades and provide additional 
coordination as needed to assure adequate space for piping, 
equipment and routing to avoid conflicts.  When conflicts are 
identified, modify system layout as necessary to resolve. 


2. Three dimensional Revit / BIM based documents (if required for project): 
a. Provide three dimensional Revit model and BIM input information 


locating all equipment and piping, including valves and fittings, 
dimensions from column lines, and bottom of pipe elevations above 
finished floor. 


b. Contractor shall obtain Revit model and BIM input from all other 
trades as required to fully coordinate the installation with 
architectural, structural, HVAC, plumbing, electrical, fire alarm 
devices, low voltage devices, and other systems that interface with 
and/or impact the fire protection work. 


c. Model shall indicate locations of all equipment and piping, including 
valves and fittings, dimensions from column lines, and bottom of 
pipe elevations above finished floor. 


d. Provide maintenance access clearance as required by manufacturer 
installation instructions and as required to meet minimum code 
clearances. 


e. Model shall incorporate all addenda items and change orders. 
f. Distribute Revit model and BIM input information to all other trades 


and provide additional coordination as needed to assure adequate 
space for equipment and piping and routing to avoid conflicts. When 
conflicts are identified, modify system layout as necessary to 
resolve. 


C. Advise the Owner’s Representative in the event a conflict occurs in the location or 
connection of equipment.  Bear all costs for relocation of equipment, resulting from 
failure to properly coordinate the installation or failure to advise the Owner’s 
Representative of conflict. 


D. Verify in field exact size, location, invert, and clearances regarding all existing 
material, equipment and apparatus, and advise the Owner’s Representative of any 
discrepancies between those indicated on the Drawings and those existing in the 
field prior to any installation related thereto. 


E. Final Coordination Drawings with all appropriate information added are to be 
submitted as Record Drawings at completion of project. 


F. Provide copy of Record Drawings to Testing and Balancing Contractor for their use 
when doing their work. 


1.13 REQUESTS FOR INFORMATION (RFIS) 


A. General: Immediately on discovery of the need for additional information or 
interpretation of the Contract Documents, Contractor shall prepare and submit an 
RFI in the form specified (refer to Division 01). 
1. Coordinate and submit RFIs in a prompt manner so as to avoid delays in 


Contractor's work or work of subcontractors. 
2. RFIs shall address single questions and related issues only. 
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3. All RFIs shall be thoroughly reviewed and approved by the General 
Contractor and/or Construction Manager for accuracy and need for 
information required before submittal to Owner’s Design Representative.  


B. Content of the RFI: Include a detailed, legible description of item needing 
information or interpretation and the following: 
1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Architect[ and Construction Manager]. 
6. RFI number, numbered sequentially and unique. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as 


appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
11. Contractor's suggested resolution. If Contractor's suggested resolution 


impacts the Contract Time or the Contract Sum, Contractor shall state 
impact in the RFI. 


12. Contractor's signature. 
13. Attachments: Include sketches, descriptions, measurements, photos, 


Product Data, Shop Drawings, coordination drawings, and other information 
necessary to fully describe items needing interpretation. 
a. Include dimensions, thicknesses, structural grid references, and 


details of affected materials, assemblies, and attachments on 
attached sketches. 


C. Engineer’s Action: Engineer will review each RFI, determine action required, and 
respond. Allow a minimum three business days for Engineer's response for each 
RFI, plus additional time for Architect and General Contractor to review and forward. 
RFIs received by Engineer after 1:00 p.m. will be considered as received the 
following working day. 
1. The following Contractor-generated RFIs will be returned without action: 


a. Incomplete RFIs or inaccurately prepared RFIs. 
b. RFIs submitted without indication of review and approval for 


submission by General Contractor [or Construction Manager]. 
c. RFIs addressing multiple unrelated issues. 
d. Requests for approval of submittals. 
e. Requests for approval of substitutions. 
f. Requests for approval of Contractor's means and methods. 
g. Requests for information already indicated in the Contract 


Documents. 
h. Requests for adjustments in the Contract Time or the Contract Sum. 
i. Requests for interpretation of Engineer's actions on submittals. 


2. Engineer's action may include a request for additional information, in which 
case Engineer's time for response will date from time of receipt of additional 
information. 
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1.14 RECORD DOCUMENTS 


A. Maintain set of Coordination Documents (drawings and specifications) marked 
“Record Set” at the job site at all times, and use it for no other purpose but to record 
on it all the changes and revisions during construction. 


B. Record Drawings shall indicate revisions to piping and ductwork, size and location 
both exterior and interior; including locations of coils, dampers and other control 
devices, filters, boxes and similar units requiring periodic maintenance or repair; 
actual equipment locations, dimensioned from column lines; actual inverts and 
locations of underground piping; concealed equipment, dimensioned to column 
lines; mains and branches of piping systems, with valves and control devices 
located and numbered, concealed unions located, and with items requiring 
maintenance located (i.e. – valves, traps, strainers, expansion compensators, tanks, 
etc.). 


C. Record Specifications shall indicate approved substitutions; Change Orders; and 
actual equipment and materials provided. 


D. Provide copy of Record Documents to Testing and Balancing Contractor and 
Commissioning Agent for use when performing their work. 


E. At the completion of the construction transfer all “Record Set” notations to a clean 
set of drawings and specifications in a neat and orderly fashion that incorporates all 
site markups to clearly show all changes and revisions to the Contract Documents.  
Submit copies of Record Documents and CD/DVD disks labeled with all drawings 
and specifications and other supporting documentation. 


F. Refer also to Division 01 for full scope of requirements. 


1.15 START-UP SERVICE AND BUILDING COMMISSIONING 


A. Prior to start-up, be assured that systems are ready, including checking the 
following:  Proper equipment rotation, proper wiring, auxiliary connections, 
lubrication, venting, controls, and installed and properly set relief and safety valves. 


B. Provide services of factory-trained technicians for start-up of major pieces of 
equipment.  Certify in writing compliance with this Paragraph, stating names of 
personnel involved and the date work was performed. 


C. Provide certificates of calibration for all sensors required for control and monitoring 
including temperature and pressure. 


D. Refer to other Division 23 Sections for additional requirements. 


1.16 INSTRUCTION, MAINTENANCE, AND O&M MANUALS 


A. O&M Manuals:  Upon completion of the work, and prior to training of Owner's 
personnel, the Contractor shall submit to the Owner’s Representative complete set 
of operating instructions, maintenance instructions, part lists, and all other bulletins 
and brochures pertinent to the operation and maintenance for equipment furnished 
and installed as specified in this section, bound in a durable binder.  Refer to 
Division 01. 
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B. Contractor shall be responsible for providing proper instruction of the of Owner's 
personnel for operation and maintenance of equipment, and apparatus installed as 
specified in Division 23.  Training is to be appropriate to the complexity of the 
equipment.  The Contractor shall develop and submit training materials prior to this 
training. These materials shall include qualifications of the trainer, training agenda, 
learning objectives, and a written test to be administered at the end of the training 
session.  Operation and Maintenance manuals must present, incorporated and 
referenced in the training sessions. 


1.17 DELIVERY, STORAGE AND HANDLING 


A. Deliver products to project properly identified with names, model numbers, types, 
grades, compliance labels, and similar information needed for distinct identifications; 
adequately packaged and protected to prevent damage during shipment, storage, 
and handling. 


B. Store equipment and materials in an environmentally controlled area at the site, 
unless off-site storage is authorized in writing.  Protect stored equipment and 
materials from damage.  Piping and equipment showing signs of rust shall be 
removed from site and replaced with new. 


1.18 POSTED OPERATING INSTRUCTIONS 


A. Furnish approved operating instructions for systems and equipment indicated in the 
technical sections for use by operation personnel.  The operating instructions shall 
include wiring diagrams, control diagrams, and control sequence for each principal 
system and equipment.  Print or engrave operating instructions and frame under 
glass or in approved laminated plastic.  Post instructions where directed.  Attach or 
post operating instructions adjacent to each principal system and equipment 
including start-up, operating, shutdown, safety precautions and procedure in the 
event of equipment failure.  Provide weather-resistant materials or weatherproof 
enclosures for operating instructions exposed to the weather.  Operating instructions 
shall not fade when exposed to sunlight and shall be secured to prevent easy 
removal. 


1.19 SAFETY AND INDEMNITY 


A. The Contractor shall be solely and completely responsible for conditions of the job 
site including safety of all persons and property during performance of the work.  
This requirement will apply continuously and not be limited to normal hours of work. 


B. No act, service, Drawing, review, or Construction Review by the Owner’s 
Representative, Architect, the Engineers or their consultants, is intended to include 
the review of the adequacy of the Contractor's safety measures, in, on, or near the 
construction site. 


C. The Contractor performing work under this Division of the Specifications shall hold 
harmless, indemnify and defend the Owner, the Architect, the Engineers and their 
consultants, and each of their officers, employees and agents from any and all 
liability claim, losses or damage arising, or alleged to arise from bodily injury, 
sickness, or death of a person or persons, and for all damages arising out of injury 
to or destruction of property arising directly or indirectly out of, or in connection with, 
the performance of the work under the Division of the Specifications, and from the 
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Contractor's negligence in the performance of the work described in the 
Construction Contract Documents; but not including the sole negligence of the 
Owner’s Representative, the Architect, the Engineers, and their consultants or their 
officers, employees and agents. 


1.20 CLEANING AND CLOSING 


A. All work shall be inspected, tested, and approved before being concealed or placed 
in operation. 


B. Upon completion of the work, all equipment installed as specified in this section, and 
all areas where work was performed, shall be cleaned to provide operating 
conditions satisfactory to the Owner’s Representative. 


1.21 WARRANTIES 


A. All equipment shall be provided with a minimum one-year warranty to include parts 
and labor.  Refer to individual Equipment Specifications for extended or longer-term 
warranty requirements. 


B. Provide complete warranty information for each item, to include product or 
equipment, date of beginning of warranty or bond; duration of warranty or bond; and 
names, addresses, telephone numbers and procedures for filing a claim and 
obtaining warranty services. 


C. Service during warranty period: Contractor shall provide maintenance as specified 
elsewhere during the 12-month warranty period. 


1.22 GUARANTEE 


A. The Contractor shall guarantee and service all workmanship and materials to be as 
represented by him and shall repair or replace, at no additional cost to the Owner, 
any part thereof which may become defective within the period of one (1) year, 
minimum, after the Date of Final Acceptance, ordinary wear and tear excepted. 


B. Contractor shall be responsible for and pay for any damages caused by or resulting 
from defects in this work. 


1.23 COMMISSIONING 


A. Commissioning requires the participation of Division 23 mechanical contractor to 
work to ensure that all systems are operating in a manner consistent with the 
construction documents and design intent.  The general commissioning 
requirements and coordination are detailed in Division 1 and Division 23.  This 
Division shall be familiar with all parts of Division 1 and Division 23 and the 
commissioning plan issued by the Commissioning Authority and shall execute all 
commissioning responsibilities assigned to them in the Contract Documents. 


B. The mechanical contractor is responsible for assisting the commissioning agent 
throughout the entire commissioning process.  The work is not complete until the 
commissioning agent and the University has signed off on the commissioned 
systems. 
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PART 2 - PRODUCTS 


2.1 GENERAL 


A. Furnish and install all new material, equipment, and apparatus hereinafter specified 
unless specifically noted otherwise.  All material, equipment, and apparatus shall be 
identified by the manufacturer's name, nameplate, and pertinent data. 


B. All materials, equipment, and apparatus are mentioned as standards unless noted 
otherwise.  The words “or approved equal” shall be considered to be subsequent to 
all manufacturers’ names used herein, unless specifically noted that substitutes are 
not allowed. 


2.2 SUPPORTS AND ANCHORS 


A. General:  Comply with applicable codes pertaining to product materials and 
installation of supports and anchors, including, but not limited to, the following: 
1. UL and FM Compliance:  Provide products, which are UL listed and FM 


approved. 
2. ASCE 7-05: “American Society of Civil Engineers.” 
3. MSS Standard Compliance:  Manufacturer's Standardization Society (MSS). 
4. SMACNA:  “Seismic Restraint Manual: Guidelines for Mechanical Systems.” 
5. NFPA:  Pamphlet number 13 and 14 for fire protection systems. 
6. Provide copper plated or plastic coated supports and attachment for copper 


piping systems.  Field applied coatings or tape is unacceptable. 
7. Manufacturer: Hilti Inc., B-Line, Anvil International, Erico, Tolco, Kin-Line, 


Simpson Strong-Tie Co. Inc., Superstrut, or Powers Fasteners. 


B. Horizontal Piping Hangers and Supports:  Except as otherwise indicated, provide 
factory-fabricated hangers and supports of one of the following MSS types listed. 
1. Adjustable Steel Clevis Hangers:  MSS Type 1. 
2. Adjustable Steel Swivel Band Hangers:  MSS Type 10. 
3. U-Bolts:  MSS Type 24. 
4. Pipe Slides and Slide Plates:  MSS Type 35, including one of the following 


plate types: 
a. Plate:  Unguided type. 
b. Plate:  Guided type. 
c. Plate:  Hold-down clamp type. 


5. Pipe Saddle Supports:  MSS Type 36, including steel pipe base support and 
cast iron floor flange. 


6. Pipe Saddle Supports with U-Bolt:  MSS Type 37, including steel pipe base 
support and cast iron floor flange.  


7. Adjustable Pipe Saddle Supports:  MSS Type 38, including steel pipe base 
support and cast iron floor flange. 


8. Single Pipe Roller with Malleable Sockets:  MSS Type 41. 
9. Adjustable Roller Hangers:  MSS Type 43. 
10. Pipe Roll Stands:  MSS Type 44. 
11. Pipe Guides:  Provide factory-fabricated guides of cast semi-steel or heavy 


fabricated steel, consisting of a bolted two-section outer cylinder and base 
with a two-section guiding spider bolted tight to pipe.  Size guide and 
spiders to clear pipe and insulation (if any), and cylinder.  Provide guides of 
length recommended by manufacturer to allow indicated travel. 
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C. Horizontal Cushioned Pipe Clamp:  Where pipe hangers are called out to absorb 
vibration or shock install a piping clamp with thermoplastic elastomer insert.  Cush-
A-Clamp or equal. 


D. Vertical Piping Clamps:  Provide factory-fabricated two-bolt vertical piping riser 
clamps, MSS Type 8. 


E. Hanger-Rod Attachments:  Except as otherwise indicated, provide factory-fabricated 
hanger-rod attachments of one of the following MSS types listed. 
1. Steel Turnbuckles:  MSS Type 13. 
2. Steel Clevises:  MSS Type 14. 
3. Swivel Turnbuckles:  MSS Type 15. 
4. Malleable Iron Eye Sockets:  MSS Type 16. 
5. Steel Weldless Eye Nuts:  MSS Type 17. 


F. Building Attachments:  Except as otherwise indicated, provide factory-fabricated 
building attachments of one of the following types listed. 
1. Concrete Inserts:  HCI-MD (for metal deck) or HCI-WF (for wood forms) 


cast-in anchors by Hilti Inc. or MSS Type 18,  Blue Banger Hanger by 
Simpson Strong-Tie Co. Inc., or Bang-It (for metal deck) or Wood-Knocker 
(for wood forms) by Powers Fasteners. 


2. Steel Brackets:  One of the following for indicated loading: 
a. Light Duty:  MSS Type 31. 
b. Medium Duty:  MSS Type 32. 
c. Heavy Duty:  MSS Type 33. 


3. Horizontal Travelers:  MSS Type 58. 
4. Concrete Screw Anchors: KWIK HUS EZ-I by Hilti Inc., Titen HD (or Rod 


Hanger version) by Simpson Strong-Tie Co. Inc., Wedge-Bolt+ (Screw 
Anchor) by Powers Fasteners, or Vertigo+ (Rod Hanger) by Powers 
Fasteners, or Snake+ (Internally Threaded Screw Anchor) by Powers 
Fasteners or approved equal. 


5. Torque-Controlled Expansion Anchor: KWIK BOLT-TZ by Hilti Inc., Strong-
Bolt 2 by Simpson Strong-Tit Co. Inc., Power-Stud+ SD1 and Power-Stud+ 
SD2 by Powers Fasteners, or approved equal. 


G. Saddles and Shields:  Except as otherwise indicated, provide saddles or shields 
under piping hangers and supports, factory-fabricated, for all insulated piping.  Size 
saddles and shields for exact fit to mate with pipe insulation. 
1. Pipe Covering Protection Saddles:  MSS Type 39; fill interior voids with 


segments of insulation matching adjoining insulation. 
2. Insulation Protection Shields:  MSS Type 40, 18" minimum, or of the length 


recommended by manufacturer to prevent crushing of insulation.  High-
density insulation insert lengths shall match or exceed shield length. 


3. Thermal Hanger Shields:  Constructed of 360° insert of waterproofed 
calcium silicate (60 psi flexural strength minimum) encased in 360° sheet 
metal shield.  Provide assembly of same thickness as adjoining insulation.  
Shield length shall match or exceed length of calcium silicate insert. 
Alternately Polyisocyanurate Urethane with a minimum flexural strength of 
60psi, fully encased in 360 PVC (1.524 mm thick)SNAPPITZ.  Provide 
assembly of same thickness as adjoining insulation. 


4. Thermal Hanger Couplings:  Constructed of high strength plastic coupling to 
retain tubing and join insulation at clevis hangers and strut-mounted clamps.  
Klo-Shure Insulation Coupling or equal. 
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H. Miscellaneous Materials: 
1. Metal Framing:  Provide products complying with NEMA STD ML1. 
2. Steel Plates, Shapes, and Bars:  Provide products complying with ASTM 


A36. 
3. Cement Grout:  Portland Cement (ASTM C150, Type I or Type III) and clean 


uniformly graded, natural sand (ASTM C404, Size No. 2).  Mix at a ratio of 
1.0 part cement to 3.0 parts sand by volume, with minimum amount of water 
required for placement and hydration. 


4. Heavy-Duty Steel Trapezes:  Fabricate from steel shapes selected for loads 
required.  Weld steel in accordance with AWS standards. 


5. Pipe Brackets:  “HoldRite” copper plated brackets.  Insulate brackets 
attached to metal studs with felt. 


2.3 PIPE PORTALS 


A. Where pipe portals are not provided by other sections of Specification, provide 
prefabricated insulated pipe portals as required for piping penetrating through the 
roof where shown on plans.  Field built pipe portals are acceptable alternatives - 
provide detail of construction for review. 


B. Standard pipe portals, unless otherwise noted, shall be constructed as follows: 
1. Curb shall be constructed of heavy gauge galvanized steel with continuous 


welds on shell seams. 
2. Insulation to be 1-1/2" thick, 3 lb density rigid fiberglass. 
3. Curb to have a raised 3" (minimum), 45° cant. 
4. Curb to have 1-1/2" x 1-1/2" wood nailer (minimum). 
5. Curb height to be 8" (minimum) above roof deck. 
6. Cant shall be raised to match roof insulation thickness. 
7. Cover or flashing to be constructed of galvanized steel or other suitable 


material to provide sturdy weather tight closure.  Provide collars and rubber 
nipples with draw bands of sizes required by piping.  Size curb, cover and 
nipples per manufacturer's recommendations. 


C. Manufacturer:  Roof Products Systems, Pate, or equal. 


2.4 PIPE STANDS 


1 General Requirements for Pipe Stands:  Shop- or field-fabricated assemblies made of 
manufactured corrosion-resistant components to support roof-mounted piping. 


2 Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe clamps, or V-
shaped cradle to support pipe, for roof installation without membrane penetration. 


3 Low-Type, Single-Pipe Stand:  One-piece plastic or stainless steel base unit with plastic 
roller, for roof installation without membrane penetration. 


4 High-Type, Single-Pipe Stand: 


a Description:  Assembly of base, vertical and horizontal members, and pipe support, 
for roof installation without membrane penetration. 


b Base: Plastic or stainless steel. 
c Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, 


continuous-thread rods. 







SAN DIEGO STATE UNIVERSITY SECTION 230500 
EIS COMPLEX BASIC HVAC MATERIALS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC AND METHODS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


230500 - 18 McParlane & Associates 


d Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or 
stainless-steel, roller-type pipe support. 


5 High-Type, Multiple-Pipe Stand: 


a Description:  Assembly of bases, vertical and horizontal members, and pipe 
supports, for roof installation without membrane penetration. 


b Bases:  One or more; plastic. 
c Vertical Members:  Two or more protective-coated-steel channels. 
d Horizontal Member:  Protective-coated-steel channel. 
e Pipe Supports:  Galvanized-steel, clevis-type pipe hangers. 


6 Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports made from 
structural-steel shapes, continuous-thread rods, and rollers, for mounting on permanent 
stationary roof curb. 


7 Manufacturer: Pate, Roof Products Systems, Portable Pipe Hangers, Roof Top Blox, Erico 
Caddy Pyramid, or equal. 


2.5 EQUIPMENT/PIPING RAILS 


A. Where equipment/pipe rails are not provided by other sections of Specification, 
provide prefabricated reinforced equipment rails as required for support of 
equipment and piping.  Field built curbs are acceptable alternatives - provide detail 
of construction for review. 


B. Standard equipment rail, unless otherwise noted, shall be constructed as follows: 
1. Construct of heavy gauge galvanized steel with continuous welds on shell 


seams. 
2. Provide internal reinforcing supports welded as required to meet application 


requirements. 
3. Equipment rails to have raised 3" (minimum), 45° cant. 
4. Equipment rails to have 1 1/2" x 1 1/2" wood nailer (minimum) and 


counterflashing. 
5. Equipment rail height to be 6" (minimum) above roof deck. 
6. Cant shall be raised to match roof insulation thickness. 


C. Equipment rails to be constructed to meet equipment size and weight requirements.  
Provide tapered rails to match roof pitch where required. 


D. Manufacturer:  Pate, Vent Products, Thy Curb, Roof Products Systems, or equal. 


2.6 ACCESS PANELS AND ACCESS DOORS 


A. Provide all access doors and panels to serve equipment under this work, including 
those which must be installed, in finished architectural surfaces.  Frame of 16-gauge 
steel, door of 20 gauge steel.  1" flange width, continuous piano hinge, key operated, 
prime coated.  Refer to Division 01 Architectural specifications and drawings for the 
required product Specification for each surface.  Contractor is to submit schedule of 
access panels for approval.  Exact size, number and location of access panels are 
not shown on Plans.  Access doors shall be of a size to permit removal of equipment 
for servicing.  Access door shall have same rating as the wall or ceiling in which it is 
mounted.  Provide access panel for each trap primer or concealed valve, for fire and 
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combination fire/smoke dampers, and for volume dampers.  Use no panel smaller 
than 12" x 12" for simple manual access, or smaller than 24" x 24" where personnel 
must pass through. Provide cylinder lock for access door serving mixing or critical 
valves in public areas. 


B. Included under this work is the responsibility for verifying the exact location and type 
of each access panel or door required to serve equipment under this work and in the 
proper sequence to keep in tune with construction and with prior approval of the 
Owner’s Representative.  Access doors in fire rated partitions and ceilings shall 
carry all label ratings as required to maintain the rating of the rated assembly. 


C. Submit markup of architectural plans showing size and location of access panels 
required for equipment access for approval by Owner’s Representative. 


D. Manufacturers:  Milcor, Karp, Nystrom, Elmdor/Stoneman, or equal. 


2.7 IDENTIFICATION MARKERS 


A. Mechanical Identification Materials:  Provide products of categories and types 
required for each application as referenced in other Division 23 Sections.  Where 
more than single type is specified for application, selection is installer's option, but 
provide single selection for each product category. Stencils are not acceptable. 


B. Plastic Pipe Markers: 
1. Snap-On Type:  Provide pre-printed, semi-rigid snap-on, color coded pipe 


markers, complying with ANSI A13.1. 
2. Pressure Sensitive Type:  Provide pre-printed, permanent adhesive, color 


coded, pressure sensitive vinyl pipe markers, complying with ANSI A13.1.  
Secure both ends of markers with color coded adhesive vinyl tape. 


3. Insulation:  Furnish 1" thick molded fiberglass insulation with jacket for each 
plastic pipe marker to be installed on uninsulated pipes subjected to fluid 
temperatures of 125°F (52°C) or greater.  Cut length to extend 2" beyond 
each end of plastic pipe marker. 


4. Arrows:  Print each pipe marker with arrows indicating direction of flow, 
either integrally with piping system service lettering (to accommodate both 
directions), or as separate unit of plastic. 


C. Plastic Duct Markers: 
1. Provide duct labels to indicate the system and direction of flow.  Submit a 


labeling product that is suitable for the surface to be labeled.  
a. 4 1/2" x 6" laminated plastic, ANSI A13.1 color coded duct markers 


with white core lettering  
b. Pressure Sensitive Type:  Provide pre-printed, permanent adhesive, 


color coded, pressure sensitive vinyl pipe markers, complying with 
ANSI A13.1.  Secure both ends of markers with color coded 
adhesive vinyl tape. 


2. Nomenclature:  Include the following: 
a. Direction of air flow 


3. Duct service (supply, return, exhaust, etc.). 
a. Duct origin (from) 
b. Duct destination (to) 
c. Design cfm 


4. Provide a minimum of every 20 feet on all ducts with a diameter or width 
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greater than 12". 


D. Valve Tags: 
1. Brass Valve Tags:  Provide 1 1/2" diameter 19-gauge polished brass valve 


tags with stamp-engraved piping system abbreviation in 1/4" high letters and 
sequenced valve numbers 1/2" high, and with 5/32" hole for fastener.  Fill 
tag engraving with black enamel. 


2. Plastic Laminate Valve Tags:  Provide 3/32" thick engraved plastic laminate 
valve tags, with piping system abbreviations in 1/4" high letters and 
sequenced valve number 1/2" high, and with 5/32" hole for fasteners. 


3. Valve Tag Fasteners:  Provide solid brass chain (wire link or beaded type), 
or solid brass S-hooks of the sizes required for proper attachment of tags to 
valves, and manufactured specifically for that purpose. 


4. Access Panel Markers:  Provide 1/16" thick engraved plastic laminate 
access panel markers, with abbreviations and numbers corresponding to 
concealed valve.  Include 1/8" center hole to allow attachment. 


5. Non-potable Water Tags: 1/16" thick, engraved, plastic tags as indicated on 
Drawings. 


6. All valves shall be scheduled and provided to SDSU facilities for 
identification. 


E. Plastic Equipment Signs: 
1. Provide 3" x 5" plastic laminate sign, ANSI A.13 color coded with engraved 


white core lettering. 
2. Fasteners:  Self-tapping stainless steel screws, except contact-type 


permanent adhesive where screws cannot or should not penetrate the 
substrate. 


3. Sign Text:  Include the equipment tag  number as found on the construction 
documents. 


F. Acceptable Manufacturers:  Craftmark, Seton, Brady, Marking Services, Inc., or 
Brimar. 


2.8 ELECTRICAL 


A. General: 
1. All electrical material, equipment, and apparatus specified herein shall 


conform to the requirements of Division 26. 
2. Provide all motors for equipment specified herein.  Provide motor starters, 


controllers, and other electrical apparatus and wiring which are required for 
the operation of the equipment specified herein. 


3. Set and align all motors and drives in equipment specified herein. 
4. Provide expanded metal or solid sheet metal guards on all V-belt drives to 


totally enclose the drive on all sides.  Provide holes for tachometer readings.  
Support guards separately from rotating equipment. 


5. Provide for all rotating shafts, couplings, etc., a solid sheet metal, inverted 
“U” cover over the entire length of the exposed shaft and support separately 
from rotating equipment.  Cover shall extend to below the bottom of the 
shaft and coupling, and shall meet the requirements of the State Industrial 
Safety Regulations. 


6. Specific electrical requirements (i.e., horsepower and electrical 
characteristics) for mechanical equipment are scheduled on the Drawings. 
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B. Quality Assurance: 
1. Electrical components and materials shall be UL or ETL listed/labeled as 


suitable for location and use - no exceptions. 


C. Motors: 
1. The following are basic requirements for simple or common motors.  For 


special motors, more detailed and specific requirements are specified in the 
individual equipment Specifications. 


2. Torque characteristics shall be sufficient to satisfactorily accelerate the 
driven loads. 


3. Motor sizes shall be large enough so that the driven load will not require the 
motor to operate in the service factor range.  Unless otherwise noted on 
plans, all motors 1/2 HP or larger shall be rated for 208, 227, or 460 volt, 3-
phase, operation.  Unless otherwise noted on plans, all motors less than 1/2 
HP shall be rated for 120, 227 volt, single phase operation. 


4. Temperature Rating:  Motor meets class B rise with class F insulation. 
5. Service Factor:  1.15 for poly-phase motors and 1.35 for single phase 


motors. 
6. Motor Construction:  NEMA Standard MG 1, general purpose, continuous 


duty, Design “B”, except “C” where required for high starting torque. 
a. Frames:  NEMA Standard No. 48 or 56; use driven equipment 


manufacturer's standards to suit specific application. 
b. VFD driven motors to be provided as inverter ready and equipped 


with a shaft grounding device, or inverter duty complying with NEMA 
Standard MG-1, Part 31 as supplied by same manufacturer as VFD. 


c. Bearings: 
1) Ball or roller bearings with inner and outer shaft seals. 
2) Re-greasable, except permanently sealed where motor is 


normally inaccessible for regular maintenance. 
3) Designed to resist thrust loading where belt drives or other 


drives product lateral or axial thrust in motor. 
4) For fractional horsepower, light duty motors, sleeve type 


bearings are permitted. 
5) Enclosure Type: 


a) Open drip-proof (ODP) motors for indoor use in 
clean air environments. 


b) Totally enclosed fan cooled (TEFC) motors for 
outdoor use and indoor application in dirty 
environments. 


c) Totally enclosed air over (TEAO) motors for motors 
in the airstream of cooling towers and fluid coolers. 


d) Guarded drip-proof motors where exposed to 
contact by employees or building occupants. 


e) Weather protected Type I for outdoor use, Type II 
where not housed. 


d. Overload Protection:  Built-in thermal overload protection where 
external overload protection is not provided and, where indicated, 
internal sensing device suitable for signaling and stopping motor at 
starter. 


e. Noise Rating:  “Quiet.” 
f. Efficiency:  (Note to Engineer:  Edit to select either State code 


efficiency or NEMA Premium efficiency.  NEMA efficiency is 
between 3 and 0.5% higher than current State codes and costs 25% 
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more.  NOTE REGARDING FEDERAL PROJECTS:  All motors 
must meet the NEMA standard per the 2005 Energy Policy Act 
Section 104.) 
1) Motors shall have a minimum efficiency per governing State 


or Federal codes, whichever is higher. 
2) And, motors shall meet the NEMA premium efficiency 


standard. 
 


g. Nameplate:  Indicate the full identification of manufacturer, ratings, 
characteristics, construction, special features and similar 
information. 


D. Starters and Electrical Devices: 
1. Motor Starter Characteristics: 


a. Enclosures:  NEMA 1, general purpose enclosures with padlock 
ears, except in wet locations shall be NEMA 3R with conduit hubs. 


b. Type and size of starter shall be as recommended by motor 
manufacturer and the driven equipment manufacturer for applicable 
protection and start-up condition. 


2. Manual switches shall have pilot lights and all required switch positions for 
multi-speed motors.  Overload Protection:  Melting alloy or bi-metallic type 
thermal overload relays, sized according to actual operating current (field 
measured). 


3. Magnetic Starters: 
a. Heavy duty, oil resistant, hand-off-auto (HOA), or as indicated, and 


pilot lights, properly arranged for single speed or multi-speed 
operation as indicated. 


b. Trip-free thermal overload relays, each phase, sized according to 
actual operating current (field measured). 


c. Interlocks, pneumatic switches and similar devices as required for 
coordination with control requirements of Division 23 Controls 
sections. 


d. Built-in primary and secondary fused control circuit transformer, 
supplied from load side of equipment disconnect. 


e. Externally operated manual reset. 
f. Under-voltage release or protection for all motors over 20 hp. 


4. Motor Connections:  Liquid tight, flexible conduit, except where plug-in 
electrical cords are specifically indicated. 


E. Low Voltage Control Wiring: 
1. General:  14 gauge, Type THHN, color coded, installed in conduit. 
2. Manufacturer:  General Cable Corp., Alcan Cable, American Insulated Wire 


Corp., Senator Wire and Cable Co., or Southwire Co. 


F. Disconnect Switches: 
1. Fusible Switches:  For equipment 1/2 HP or larger, provide fused, each 


phase; heavy duty; horsepower rated; spring loaded quick-make, quick-
break mechanism; dead front line side shield; solderless lugs suitable for 
copper or aluminum conductors; spring reinforced fuse clips; electro silver 
plated current carrying parts; hinged doors; operating lever arranged for 
locking in the “OPEN” position; arc quenchers; capacity and characteristics 
as indicated. 


2. Non-Fusible Switches:  For equipment less than 1/2 horsepower, switch 
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shall be horsepower rated; toggle switch type with thermal overload quantity 
of poles and voltage rating as required. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Workmanship shall be performed by licensed journeymen or master mechanics and 
shall result in an installation consistent with the best practices of trades. 


B. Install work uniform, level and plumb, in relationship to lines of building.  Do not 
install any diagonal, or otherwise irregular work unless so indicated on Drawings or 
approved by Owner’s Representative. 


3.2 MANUFACTURER'S DIRECTIONS 


A. Follow manufacturers' directions and recommendations in all cases where the 
manufacturers of articles used on this Contract furnish directions covering points not 
shown on the Drawings or covered in these Specifications. 
1. If the contractor must deviate from the manufacturer’s recommendations 


provide a letter from the manufacturer indicating the clearance to be 
provided is acceptable for scheduled performance and maintenance. 


3.3 INSTALLATION 


A. Coordinate the work between the various Mechanical Sections and with the work 
specified under other Divisions.  If any cooperative work must be altered due to lack 
of proper supervision or failure to make proper and timely provisions, the 
alternations shall be made to the satisfaction of the Engineer and at the Contractor’s 
cost.  Coordinate wall and ceiling work with the General Contractor, and other trades 
in locating ceiling air outlets, wall registers, etc. 


B. Inspect all material, equipment, and apparatus upon delivery and do not install any 
damaged or defected materials. 


3.4 SUPPORTS AND HANGERS 


A. Prior to installation of hangers, supports, anchors, and associated work, installer 
shall meet at project site with Contractor, installer of each component of associated 
work, inspection and testing agency representatives, (if any), installers of other work 
with requirements specified. 


B. Installation of Building Attachments:  Install building attachments at required 
locations within concrete or on structural steel for proper piping support.  Install 
additional building attachments where support is required for additional concentrated 
loads, including valves, flanges, guides, strainers, expansion joints, and at changes 
in direction of piping.  Install concrete inserts before concrete is placed.  Fasten 
insert securely to forms.  Where concrete with compressive strength less than 2,500 
psi is indicated, install reinforcing bars through opening at top of inserts. 


C. Proceed with installation of hangers, supports, and anchors only after required 
building structural work has been completed in areas where the work is to be 
installed.  Correct inadequacies including, but not limited to, proper placement of 
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inserts, anchors, and other building structural attachments. 


D. Install hangers, supports, clamps, and attachments to support piping properly from 
building structure.  Arrange for grouping of parallel runs of horizontal piping to be 
supported together on trapeze type hangers where possible.  Where piping of 
various sizes is to be supported together by trapeze hangers, space hangers for 
smallest pipe size or install intermediate supports for smaller diameter pipe.  Do not 
use wire or perforated metal to support piping, and do not support piping from other 
piping. 


E. Install hangers within 12 inches of every change in piping direction, end of pipe run 
or concentrated load, and within 36 inches of every major piece of equipment.  
Hangers shall be installed on both sides of flexible connections.  Where flexible 
connection connects directly to a piece of equipment only one hanger is required. 


F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, 
washers, and other accessories.  Except as otherwise indicated for exposed 
continuous pipe runs, install hangers and supports of same type and style as 
installed for adjacent similar piping. 


G. Support sprinkler piping and gas independently of other piping. 


H. Prevent electrolysis in support of copper tubing by use of hangers and supports 
which are copper plated, or by other recognized industry methods. 


 
1. Steel Pipe (Water Filled): 
Pipe Size Max. Hanger/Support Spacing Rod Size 
1/2” to 1-1/4” 5 feet 3/8” 
1-1/2” to 2” 7 feet 3/8” 
2-1/2” to 3” 10 feet 1/2” 
4” to 10”  12 feet 5/8” 
12” to 16” 20 feet 2@5/8” 


 
2. Steel Pipe (Gas/Air Filled): 
Pipe Size Max. Hanger/Support Spacing Rod Size 
1/2" to 1-1/4" 6 feet 3/8" 
1-1/2" and larger 10 feet 1/2" 


 
3. Copper Pipe: 
Pipe Size Max. Hanger/Support Spacing Rod Size 
1/2" to 2" 6 feet 3/8" 
2-1/2" and larger 8 feet 1/2" 


 
4. Glass Pipe: 
Pipe Size Max. Hanger/Support Spacing Rod Size 
1/2" to 2" 6 feet 3/8" 
2-1/2” and larger 8 feet 1/2" 


 
5. Plastic/Fiberglass Pipe: 
Pipe Size Max. Hanger/Support Spacing Rod Size 
1/2" to 2" 4 feet 3/8" 
2-1/2" and larger 6 feet 1/2" 
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6. Caulked Bell and Spigot and Glass Pipe:  Provide hanger for each section of 
pipe, located at shoulder of bell.  Where an excessive number of fittings are 
installed between hangers, provide additional reinforcing. 


7. Trapeze support:  Provide details stamped by a registered structural 
engineer for the project state indicating trapeze channels, support rod sizes, 
and spacing.  


I. Provisions for Movement: 
1. Install hangers and supports to allow controlled movement of piping systems 


and to permit freedom of movement between pipe anchors, and to facilitate 
action of expansion joints, expansion loops, expansion bends, and similar 
units. 


2. Load Distribution:  Install hangers and supports so that piping live and dead 
loading and stresses from movement will not be transmitted to connecting 
equipment. 


3. Insulated Piping:  Comply with the following installation requirements: 
a. Clamps:  Attach clamps, including spacers, (if any), to piping with 


clamps projecting through insulation. 
b. Shields:  Where low compressive strength insulation or vapor 


barriers are indicated on cold or chilled water piping, install shields 
or inserts. 


c. Saddles:  Where insulation without vapor barrier is indicated install 
protection saddles. 


J. Installation of Anchors: 
1. Install anchors at proper locations to prevent excessive stresses and to 


prevent transfer of loading and stresses to connected equipment. 
2. Fabricate and install anchor by welding steel shapes, plates and bars to 


piping and to structure. 
3. Where expansion compensators are indicated, install anchors in accordance 


with expansion unit manufacturer's written instructions, to limit movement of 
piping and forces to maximums recommended by manufacturer for each 
unit. 


4. Anchor Spacings:  Where not otherwise indicated, install anchors at ends of 
principal pipe runs, at intermediate points in pipe runs between expansion 
loops and bends. 


K. Equipment Supports: 
1. Provide all concrete bases, unless otherwise furnished as work of Division 


03.  Furnish to Division 03 Contractor scaled layouts of all required bases, 
with dimensions of bases, and location to column centerlines.  Furnish 
templates, anchor bolts, and accessories necessary for base construction. 


2. Provide structural steel stands to support equipment not floor mounted or 
hung from structure.  Construct of structural steel members or steel pipe and 
fittings.  Provide factory-fabricated tank saddles for tanks. 


L. Adjusting: 
1. Hanger Adjustment:  Adjust hangers so as to distribute loads equally on 


attachments. 
2. Support Adjustment:  Provide grout under supports so as to bring piping and 


equipment to proper level and elevations. 
3. Clean factory-finished surfaces.  Repair any marred or scratched surfaces 


with manufacturer's touch-up paint. 
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3.5 WALL, FLOOR, AND ROOF PENETRATION SIZING 


A. All pipe penetrations through rated and non-rated assemblies shall be sized to allow 
for compliance with structural integrity and fire ratings, as applicable.  Where 
sleeves are required, the sleeve size shall be installed with the inside clear diameter 
providing clearances as required below.  Coordinate the required opening sizes with 
the manufacturer of the fire protection products. 
1. Uninsulated pipe penetrations through non-rated walls and floors: pipe 


penetration sizes shall be a 1” (minimum) to 2” (maximum) larger than the 
outside diameter of each uninsulated pipe. 


2. Insulated pipes penetrations through non-rated walls and floors: pipe 
penetration sizes shall be a 1” (minimum) to 2” (maximum) larger than the 
outside diameter of each pipe, including insulation. 


3. Uninsulated pipe penetrations through fire rated walls and floors, and 
through roof: penetration sizes shall be a 1/2” (minimum) to 1-1/2” 
(maximum) larger than the outside diameter of each uninsulated pipe to 
provide minimum 1/4” annular space between the outside of the pipe 
surface and assembly.  Coordinate with specific manufacturer requirements 
and UL listing. 


4. Insulated pipe penetrations through fire rated walls and floors, and through 
roof: pipe penetration sizes shall be a 1/2” (minimum) to 1-1/2” (maximum) 
larger than the outside diameter of each insulated pipe to provide minimum 
1/4” annular space between the outside of the insulation surface and 
assembly.  Coordinate with specific manufacturer requirements and UL 
listing. 


5. Uninsulated pipe penetrations through foundation and basement walls: 
penetration sizes shall be larger than the outside diameter of each 
uninsulated pipe to allow adequate space for installation of mechanical link 
seals.  Coordinate with specific manufacturer requirements. 


3.6 ROOF CURBS, EQUIPMENT RAILS, PIPE PORTALS 


A. Install per manufacturer's instructions. 


B. Coordinate with other trades so units are installed when roofing is being installed. 


C. Verify roof insulation thickness and adjust raise of cant to match. 


3.7 ELECTRICAL COORDINATION 


A. Division 23 installers shall coordinate with Division 26 work to provide complete 
systems as required to operate all mechanical devices installed under this Division 
of work. 


B. Installation of Electrical Connections:  Furnish, install, and wire (except as may be 
otherwise indicated) all heating, ventilating, air conditioning, etc., motors and 
controls in accordance with the drawings and in accordance with equipment 
manufacturer’s written instructions and with recognized industry practices, and 
complying with applicable requirements of UL, CEC, and NECA’s “Standard of 
Installation” to ensure that products fulfill requirements. 
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C. Division 23 has responsibilities for electrically powered mechanical equipment which 
is specified in Division 23 Specifications or scheduled on Division 23 Drawings as 
follows: 
1. Motors:  Furnish and install all motors necessary for mechanical equipment. 
2. Magnetic Starters:  Furnish all magnetic starters whether manually or 


automatically controlled which are necessary for mechanical equipment.  
Furnish these starters with all control relays or transformers necessary to 
interface with mechanical controls.  If the starter is factory installed on a 
piece of Division 23 equipment, also furnish and install the power wiring 
between starter and motor. 


3. Variable Frequency Drives: Provide all VFD’s associated with mechanical 
equipment.  If the drive is installed on a piece of factory assembled 
equipment the wiring between motor and drive is to be provided as part of 
the factory equipment. 


4. Disconnects: Provide the disconnects which are part of factory wired 
Division 23 equipment.  Factory wiring to include wiring between motor and 
disconnect or combination starter/disconnect. 


5. Controls: Division 23 Contractor (including the Building Automation System 
(BAS) Controls subcontractor) is responsible for furnishing the following 
equipment in its entirety.  This equipment includes but is not limited to the 
following: 
a. Control relays necessary for controlling Division 23 equipment. 
b. Control transformers necessary for providing power to controls for 


Division 23 equipment. 
c. Line voltage thermostats. 
d. Low or non-load voltage control components. 
e. Remote bulb thermostats. 
f. Non-life safety related valve or damper actuators. 
g. Float switches. 
h. Solenoid valves, EP and PE switches. 
i. Refrigeration controls. 
j. Communications wiring and conduit between control devices and 


mechanical equipment. 
k. Raceway to support control cabling. 


6. Fire/Smoke Dampers: Division 23 is responsible for providing and physically 
installing the damper and for installing any required control interface wiring 
to Division 23 controls. 
a. Where fire/smoke dampers are part of an integrated smoke control 


system, Division 23 is responsible for providing dampers with 
necessary end switches for use by Division 28 in providing proof of 
closure. 


b. Where these dampers are not part of an integrated area wide 
smoke detection system, Division 23 is responsible for providing 
each fire/smoke damper with a dedicated duct detector installed per 
the requirements of the building code.  If not integral with the 
damper assembly, the detector is to be installed in ductwork by 
Division 23 but wired to the damper controller by Division 26. 


D. Division 26 Electrical Responsibilities: 
1. Motors:  Provide the power wiring for the motors from servicing panel to 


motor controller. 
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2. Magnetic Starters:  Except where magnetic starters are factory installed on 
Division 23 factory assembled equipment, Division 26 is to install magnetic 
starters furnished by Division 23 and install the necessary power wiring to 
the starter and from the starter to the motor.  In the case of factory installed 
starters, Division 26 is to install the necessary power wiring from source 
panel/disconnect to the starter. 


3. Variable Frequency Drives:  Provide the necessary power wiring to the VFD 
and from the VFD to the motor except in the case of factory installed VFD’s 
where wiring between the motor and VFD is to be by Division 23. 


4. Disconnects:  Provide all disconnects necessary for Division 23 mechanical 
equipment which are not provided as part of factory wired Division 23 
equipment.    Provide power wiring to all disconnects.  In addition provide 
power wiring between motor and disconnect when the disconnect is not 
factory installed. 


5. Controls:  Division 26 is responsible for providing power to mechanical 
control panels and provide final power connection to Division 23 provided 
control transformers. 


6. Fire/Smoke Dampers:  Division 26 is responsible for power wiring to each 
damper and as follows: 
a. Where these dampers are part of an integrated smoke control 


system Division 28 is responsible for providing the detectors and for 
all fire/smoke detection system wiring necessary to integrate 
dampers and related end switches into the system. 


b. Where these dampers are not part of an integrated area wide 
smoke detection system, Division 23 is responsible for providing 
each fire/smoke damper with a dedicated duct smoke detector 
installed per the requirements of the building code.  If not integral 
with the damper assembly, the detector is to be installed by Division 
23, but wired for damper control by Division 26. 


E. Motors and Motor Control Equipment:  Conform to the standards of the NEMA.  
Equip motors with magnetic or manual line starters with overload protection.  Motor 
starters and line voltage controls shall be installed under Electrical Section but 
located and coordinated as required under this Section of the work.  Starters shall 
be combination type with non-fusible disconnect switches.  All single phase 
fractional horsepower motors shall have built-in overload protection. 


3.8 PAINTING 


A. All painting shall be provided under this Division work, unless otherwise specified 
under Section 099100:  Painting.  Painting schemes shall comply with ANSI A13.1.  
Paint all exposed materials such as piping, ductwork, equipment, insulation, steel, 
etc.  Exposed gas piping inside and outside the building shall be painted with two 
coats of “Rust-O-Leum” Yellow.  The inside surface of visible ductwork above 
diffusers/grilles shall be painted flat black.  Exposed copper indirect waste piping 
serving food service equipment shall be painted metallic chrome. 


B. All exposed work under Division 23 shall receive either a factory finish or a field 
prime coat finish, except: 
1. Exposed copper piping. 
2. Aluminum jacketed outdoor insulated piping. 
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3.9 IDENTIFICATION MARKERS 


A. General:  Where identification is to be applied to surfaces which require insulation, 
painting, or other covering or finish, including valve tags in finished mechanical 
spaces, install identification after completion of covering and painting.  Install 
identification prior to installation of acoustical ceilings and similar removable 
concealment. 


B. Piping System Identification: 
1. Install pipe markers on each system indicated to receive identification, and 


include arrows to show normal direction of flow. 
2. Locate pipe markers as follows: 


a. Near each valve and control device. 
b. Near each branch, excluding short take-offs for fixtures and terminal 


units; mark each pipe at branch, where there could be question of 
flow pattern. 


c. Near locations where pipes pass through walls or floors/ceilings, or 
enter non-accessible enclosures. 


d. At access doors, manholes, and similar access points which permit 
view of concealed piping. 


e. Near major equipment items and other points of origination and 
termination. 


f. Spaced horizontally at maximum spacing of 20' along each piping 
run, with minimum of one in each room.  Vertically spaced at each 
story transversed. 


C. Underground Piping Identification:  During backfilling/topsoiling of each exterior 
underground piping system, install continuous underground-type plastic line marker, 
located directly over buried line at 6" to 8" below finished grade.  Where multiple 
small lines are buried in common trench and do not exceed overall width of 16", 
install single line marker. 


D. Ductwork Identification:  A minimum of every 20' for all ductwork 12" or more in 
diameter or width. 


E. Mechanical Equipment Identification:  Locate engraved plastic laminate signs on or 
near each major item of mechanical equipment and each operational device.  
Provide signs for the following: 
1. Main control and operating valves, including safety devices. 
2. Meters, gauges, thermometers, and similar units. 
3. Pumps, compressors, chillers, and similar motor-driven units. 
4. Hot water system mixing valves and similar equipment. 
5. Heat exchangers and similar equipment. 
6. Fans, blowers, primary balancing dampers, and mixing boxes. 
7. Tanks and pressure vessels. 
8. Strainers, filters, treatment systems and similar equipment. 
9. Sprinkler and standpipe equipment. 


F. Text of Signs:  In addition to name of identified unit, provide lettering to distinguish 
between multiple units, inform operator of operational requirements, indicate safety 
and emergency precautions, and warn of hazards and improper operations.  
Equipment signs shall include an identification of the area or other equipment served 
by the equipment being labeled. 
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3.10 VIBRATION AND DYNAMIC BALANCING 


A. All equipment submitted and installed by Div. 23 shall not exceed maximum 
tolerances as specified by the “International Research and Development 
Corporation”, Worthington, Ohio, measured by the displacement, peak to peak, as 
follows: 
1. All Fans:  Below severity chart labeled “FAIR”, maximum velocity of 0.0786 


in/sec, peak. 
2. Pump and Electric Motors:  Below severity chart labeled “SLIGHTLY 


ROUGH”, maximum vibration velocity of 0.157 in/sec, peak. 
3. Compressors:  Same as pumps. 


B. Where installed equipment noise or vibration is objectionable to the engineer, it shall 
be responsibility of the contractor to conduct testing to confirm that the equipment 
does not exceed the standard.   


C. Correction shall be made to all equipment, which exceeds vibration tolerances 
specified above.  Final vibration levels shall be reported as described above. 


3.11 TESTING 


A. Provide all tests specified hereinafter and as otherwise required.  Provide all test 
equipment, including test pumps, gauges, instruments, and other equipment 
required.  Test all rotational equipment for proper direction of rotation.  Upon 
completion of testing, certify to the Owner’s Representative, in writing, that the 
specified tests have been performed and that the installation complies with the 
specified requirements and provide a report of the test observations signed by 
qualified inspector. 


B. Ductwork:  Test all air quantities as specified in Section 230593 - Testing, Adjusting 
and Balancing.  Pressure tests per SMACNA. 


C. Registers and Diffusers:  Test for proper operation of manually operated control 
feature.  Test all air quantities as specified in Section 230593 – Testing, Adjusting 
and Balancing. 


D. Ductwork Specialties:  Test all operable ductwork specialties for proper operation.  
Check all fire, smoke and fire/smoke dampers to ensure that they are 100% open. 


E. Temperature Control:  Test all control functions to assure that all systems are 
controlling as specified or as otherwise necessary and that all controls are adjusted 
to maintain proper room temperatures.  The manufacturer's representative shall 
perform all tests. 


END OF SECTION 
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		L. "Must":  A desire to complete the specified task.  Allows some flexibility in application as opposed to "Shall."

		M. “NRTL”: Nationally Recognized Testing Laboratory, including UL and/or ETL.

		N. “Piping”:  Pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports, unions, traps, drains, insulation, and related items.

		O. “Provide”:  To supply, install and connect as specified for a complete, safe and operationally ready system.

		P. “Reviewed,” “Satisfactory” or “Directed”:  As reviewed, satisfactory, or directed by or to Architect/Engineer/Owner.
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		U. “Typical” or “Typ”:  Exhibiting the qualities, traits, or characteristics that identify a kind, class, number, group or category.  Of or relating to a representative specimen.  Application shall apply to all other similarly identified on plan or detail.

		V. “Will”:  A desire to complete the specified task.  Allows some flexibility in application as opposed to “Shall”.

		W. “Wiring”:  Raceway, fittings, wire, boxes and related items.

		X. “Work”:  Labor, materials, equipment, apparatus, controls, accessories, and other items required for proper and complete installation.



		1.6 RELATED WORK SPECIFIED ELSEWHERE

		A. All Division 23 Mechanical sections included herein.

		B. Division 33:  Utility Site Work.  <<<<<Coordinate with Civil Engineer>>>>>

		C. Division 03:  Concrete.

		D. Division 07:  Thermal and Moisture Protection.

		E. Division 09:  Painting:

		F. Division 10:  Miscellaneous Metals.

		G. Division 26:  Electrical is related to work of:

		H. Division 28: Electronic Safety and Security is related to work of:



		1.7 CODES AND STANDARDS

		A. The Contractor is cautioned that code requirements not explicitly detailed in these specifications or drawings, but which may be reasonably inferred or implied from the nature of the project, must be provided as part of the contract.

		B. Perform all tests required by governing authorities and required under all Division 23 Sections.  Provide written reports on all tests.

		C. Electrical devices and wiring shall conform to the 2013 standards of CEC; all devices shall be UL listed and labeled.

		D. All accessible mechanical work shall comply with the minimum requirements of the Americans with Disabilities Act (ADA) and local amendments.  Compliance requirements applicable to HVAC work includes, but is not limited to, the following:

		E. All excavation work must comply with all provisions of state laws including notification to all owners of underground utilities at least 48 business day hours, but not more than 10 business days, before commencing an excavation.

		F. Provide in accordance with rules and regulations of the following:

		G. Provide in accordance with appropriate referenced standards of the following:



		1.8 QUALITY ASSURANCE

		A. Manufacturer's Nameplates:  Nameplates on manufactured items shall be metallic riveted or bolted to the manufactured item, with nameplate data engraved or punched to form a non-erasable record of equipment data suitable for the ambient exposure. 

		B. Current Models.  All work shall be as follows:

		C. Experience:  Unless more stringent requirements are specified in other sections of Division 23, manufactured items shall have been installed and used, without modification, renovation or repair, on other projects for not less than one year prior to the date of bidding for this project.



		1.9 GENERAL REQUIREMENTS

		A. Examine all existing conditions at building site.

		B. Review contract documents and technical specifications for extent of new work to be provided.

		C. Provide and pay for all permits, licenses, fees and inspections.

		D. Prepare a Construction IAQ Management Plan meeting the SMACNA IAQ guidelines.  See Section 233113 Air Distribution for a summary of requirements.

		E. Install equipment and materials to provide required access for servicing and maintenance.  Coordinate the final location of concealed equipment and devices requiring access with final location of required access panels and doors.  Allow ample space for removal of all parts that require replacement or servicing.  This work shall include furnishing and installing all access doors required for mechanical access.

		F. Verify final locations for rough-ins with field measurements and with the requirements of the actual equipment to be connected.  Refer to Equipment Specifications in Divisions 02 through 48 for rough-in requirements.

		G. Coordinate mechanical equipment and materials installation with other building components.

		H. Verify all dimensions by field measurements.

		I. Arrange for chases, slots, and openings in other building components to allow for mechanical installations.

		J. Coordinate the installation of required supporting devices and sleeves to be set in poured-in-place concrete and other structural components, as they are constructed.

		K. Sequence, coordinate, and integrate installations of mechanical materials and equipment for efficient flow of the work.  Give particular attention to large equipment requiring positioning prior to closing-in the building.

		L. Coordinate the cutting and patching of building components to accommodate the installation of mechanical equipment and materials.  Contractor shall provide for all cutting and patching required for installation of this work unless otherwise noted.

		M. Where mounting heights are not detailed or dimensioned, install mechanical services and overhead equipment to provide the maximum headroom possible.

		N. Install mechanical equipment to facilitate maintenance and repair or replacement of equipment components.  Connect equipment for ease of disconnecting, without interference with other installations.

		O. Coordinate the installation of mechanical materials and equipment above ceilings with ductwork, piping, conduits, suspension system, light fixtures, cable trays, sprinkler piping and heads, and other installations.

		P. Coordinate connection of mechanical systems with exterior underground and overhead utilities and services.  Comply with requirements of governing regulations, franchised service companies, and controlling agencies.  Provide required connection for each service.

		Q. Coordinate with Owner’s Representative in advance to schedule shutdown of existing systems to make new connections.  Provide valves in new piping to allow existing system to be put back in service with minimum down time.

		R. All materials (such as insulation, ductwork, piping, wiring, controls, etc.) located within air plenum spaces, air shafts, and occupied spaces shall have a flame-spread index of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) Method.  In addition, the products, when tested, shall not drip flame particles, and flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or listing, or satisfactory certified test report from an approved testing laboratory to prove the fire hazard ratings for materials proposed for use do not exceed those specified.

		S. Coordinate installation of floor drains and floor sinks with work of other trades, such that finished floor slopes to drains and floor sinks are flush with surrounding floor.

		T. Products made of or containing lead, asbestos, mercury or other known toxic or hazardous materials are not acceptable for installation under this Division.  Any such products installed as part of the work of the Division shall be removed and replaced and all costs for removal and replacement shall be borne solely by the installing Contractor.



		1.10 MINOR DEVIATIONS

		A. The Drawings are diagrammatic and show the general arrangements of all mechanical work and requirements to be performed.  It is not intended to show or indicate all offsets, fittings, and accessories which will be required as a part of the work of this Section.

		B. The Contractor shall review the structural and architectural conditions affecting their work.  It is the specific intention of this section that the contractor's scope of work shall include:

		C. The Contractor shall study the operational requirements of each system, and shall arrange work accordingly, and shall furnish such fittings, offsets, supports, accessories, as are required for the proper and efficient installation of all systems from the physical space available for use by this section.  This requirement extends to the Contractor's coordination of this section's work with the “Electrical Work”.  Should conflicts occur due to lack of coordination, the time delay, cost of rectification, demolition, labor and materials, shall be borne by the Contractor and shall not be at a cost to the Owner.

		D. Minor deviations in order to avoid conflict shall be permitted where the design intent is not altered.

		E. Advise the Owner’s Representative, in writing, in the event a conflict occurs in the location or connection of equipment.  Bear all costs for relocation of equipment, resulting from failure to properly coordinate the installation or failure to advise the Owner’s Representative of conflict.



		1.11 SHOP DRAWINGS AND EQUIPMENT SUBMITTALS

		A. Prior to construction submit for review all materials and equipment in accordance with Division 01 requirements.

		B. After approval of preliminary list of materials, the Contractor shall submit Shop Drawings and manufacturer's Certified Drawings to the Owner’s Representative for approval.

		C. The Contractor shall submit approved Shop Drawings and manufacturer's equipment cuts, of all equipment requiring connection by Division 26, to the Electrical Contractor for final coordination of electrical requirements.  Contractor shall bear all additional costs for failure to coordinate with Division 26.

		D. Submittals and Shop Drawings:



		1.12 COORDINATION DOCUMENTS/SHOP DRAWINGS

		A. The Contractor shall prepare coordinated Shop Drawings using the same electronic format as the contract documents.  

		B. The coordination work shall be prepared as follows:

		C. Advise the Owner’s Representative in the event a conflict occurs in the location or connection of equipment.  Bear all costs for relocation of equipment, resulting from failure to properly coordinate the installation or failure to advise the Owner’s Representative of conflict.

		D. Verify in field exact size, location, invert, and clearances regarding all existing material, equipment and apparatus, and advise the Owner’s Representative of any discrepancies between those indicated on the Drawings and those existing in the field prior to any installation related thereto.

		E. Final Coordination Drawings with all appropriate information added are to be submitted as Record Drawings at completion of project.

		F. Provide copy of Record Drawings to Testing and Balancing Contractor for their use when doing their work.



		1.13 REQUESTS FOR INFORMATION (RFIS)

		A. General: Immediately on discovery of the need for additional information or interpretation of the Contract Documents, Contractor shall prepare and submit an RFI in the form specified (refer to Division 01).

		B. Content of the RFI: Include a detailed, legible description of item needing information or interpretation and the following:

		C. Engineer’s Action: Engineer will review each RFI, determine action required, and respond. Allow a minimum three business days for Engineer's response for each RFI, plus additional time for Architect and General Contractor to review and forward. RFIs received by Engineer after 1:00 p.m. will be considered as received the following working day.



		1.14 RECORD DOCUMENTS

		A. Maintain set of Coordination Documents (drawings and specifications) marked “Record Set” at the job site at all times, and use it for no other purpose but to record on it all the changes and revisions during construction.

		B. Record Drawings shall indicate revisions to piping and ductwork, size and location both exterior and interior; including locations of coils, dampers and other control devices, filters, boxes and similar units requiring periodic maintenance or repair; actual equipment locations, dimensioned from column lines; actual inverts and locations of underground piping; concealed equipment, dimensioned to column lines; mains and branches of piping systems, with valves and control devices located and numbered, concealed unions located, and with items requiring maintenance located (i.e. – valves, traps, strainers, expansion compensators, tanks, etc.).

		C. Record Specifications shall indicate approved substitutions; Change Orders; and actual equipment and materials provided.

		D. Provide copy of Record Documents to Testing and Balancing Contractor and Commissioning Agent for use when performing their work.

		E. At the completion of the construction transfer all “Record Set” notations to a clean set of drawings and specifications in a neat and orderly fashion that incorporates all site markups to clearly show all changes and revisions to the Contract Documents.  Submit copies of Record Documents and CD/DVD disks labeled with all drawings and specifications and other supporting documentation.

		F. Refer also to Division 01 for full scope of requirements.



		1.15 START-UP SERVICE AND BUILDING COMMISSIONING

		A. Prior to start-up, be assured that systems are ready, including checking the following:  Proper equipment rotation, proper wiring, auxiliary connections, lubrication, venting, controls, and installed and properly set relief and safety valves.

		B. Provide services of factory-trained technicians for start-up of major pieces of equipment.  Certify in writing compliance with this Paragraph, stating names of personnel involved and the date work was performed.

		C. Provide certificates of calibration for all sensors required for control and monitoring including temperature and pressure.

		D. Refer to other Division 23 Sections for additional requirements.



		1.16 INSTRUCTION, MAINTENANCE, AND O&M MANUALS

		A. O&M Manuals:  Upon completion of the work, and prior to training of Owner's personnel, the Contractor shall submit to the Owner’s Representative complete set of operating instructions, maintenance instructions, part lists, and all other bulletins and brochures pertinent to the operation and maintenance for equipment furnished and installed as specified in this section, bound in a durable binder.  Refer to Division 01.

		B. Contractor shall be responsible for providing proper instruction of the of Owner's personnel for operation and maintenance of equipment, and apparatus installed as specified in Division 23.  Training is to be appropriate to the complexity of the equipment.  The Contractor shall develop and submit training materials prior to this training. These materials shall include qualifications of the trainer, training agenda, learning objectives, and a written test to be administered at the end of the training session.  Operation and Maintenance manuals must present, incorporated and referenced in the training sessions.



		1.17 DELIVERY, STORAGE AND HANDLING

		A. Deliver products to project properly identified with names, model numbers, types, grades, compliance labels, and similar information needed for distinct identifications; adequately packaged and protected to prevent damage during shipment, storage, and handling.

		B. Store equipment and materials in an environmentally controlled area at the site, unless off-site storage is authorized in writing.  Protect stored equipment and materials from damage.  Piping and equipment showing signs of rust shall be removed from site and replaced with new.



		1.18 POSTED OPERATING INSTRUCTIONS

		A. Furnish approved operating instructions for systems and equipment indicated in the technical sections for use by operation personnel.  The operating instructions shall include wiring diagrams, control diagrams, and control sequence for each principal system and equipment.  Print or engrave operating instructions and frame under glass or in approved laminated plastic.  Post instructions where directed.  Attach or post operating instructions adjacent to each principal system and equipment including start-up, operating, shutdown, safety precautions and procedure in the event of equipment failure.  Provide weather-resistant materials or weatherproof enclosures for operating instructions exposed to the weather.  Operating instructions shall not fade when exposed to sunlight and shall be secured to prevent easy removal.



		1.19 SAFETY AND INDEMNITY

		A. The Contractor shall be solely and completely responsible for conditions of the job site including safety of all persons and property during performance of the work.  This requirement will apply continuously and not be limited to normal hours of work.

		B. No act, service, Drawing, review, or Construction Review by the Owner’s Representative, Architect, the Engineers or their consultants, is intended to include the review of the adequacy of the Contractor's safety measures, in, on, or near the construction site.

		C. The Contractor performing work under this Division of the Specifications shall hold harmless, indemnify and defend the Owner, the Architect, the Engineers and their consultants, and each of their officers, employees and agents from any and all liability claim, losses or damage arising, or alleged to arise from bodily injury, sickness, or death of a person or persons, and for all damages arising out of injury to or destruction of property arising directly or indirectly out of, or in connection with, the performance of the work under the Division of the Specifications, and from the Contractor's negligence in the performance of the work described in the Construction Contract Documents; but not including the sole negligence of the Owner’s Representative, the Architect, the Engineers, and their consultants or their officers, employees and agents.



		1.20 CLEANING AND CLOSING

		A. All work shall be inspected, tested, and approved before being concealed or placed in operation.

		B. Upon completion of the work, all equipment installed as specified in this section, and all areas where work was performed, shall be cleaned to provide operating conditions satisfactory to the Owner’s Representative.



		1.21 WARRANTIES

		A. All equipment shall be provided with a minimum one-year warranty to include parts and labor.  Refer to individual Equipment Specifications for extended or longer-term warranty requirements.

		B. Provide complete warranty information for each item, to include product or equipment, date of beginning of warranty or bond; duration of warranty or bond; and names, addresses, telephone numbers and procedures for filing a claim and obtaining warranty services.

		C. Service during warranty period: Contractor shall provide maintenance as specified elsewhere during the 12-month warranty period.



		1.22 GUARANTEE

		A. The Contractor shall guarantee and service all workmanship and materials to be as represented by him and shall repair or replace, at no additional cost to the Owner, any part thereof which may become defective within the period of one (1) year, minimum, after the Date of Final Acceptance, ordinary wear and tear excepted.

		B. Contractor shall be responsible for and pay for any damages caused by or resulting from defects in this work.



		1.23 COMMISSIONING

		A. Commissioning requires the participation of Division 23 mechanical contractor to work to ensure that all systems are operating in a manner consistent with the construction documents and design intent.  The general commissioning requirements and coordination are detailed in Division 1 and Division 23.  This Division shall be familiar with all parts of Division 1 and Division 23 and the commissioning plan issued by the Commissioning Authority and shall execute all commissioning responsibilities assigned to them in the Contract Documents.

		B. The mechanical contractor is responsible for assisting the commissioning agent throughout the entire commissioning process.  The work is not complete until the commissioning agent and the University has signed off on the commissioned systems.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Furnish and install all new material, equipment, and apparatus hereinafter specified unless specifically noted otherwise.  All material, equipment, and apparatus shall be identified by the manufacturer's name, nameplate, and pertinent data.

		B. All materials, equipment, and apparatus are mentioned as standards unless noted otherwise.  The words “or approved equal” shall be considered to be subsequent to all manufacturers’ names used herein, unless specifically noted that substitutes are not allowed.



		2.2 SUPPORTS AND ANCHORS

		A. General:  Comply with applicable codes pertaining to product materials and installation of supports and anchors, including, but not limited to, the following:

		B. Horizontal Piping Hangers and Supports:  Except as otherwise indicated, provide factory-fabricated hangers and supports of one of the following MSS types listed.

		C. Horizontal Cushioned Pipe Clamp:  Where pipe hangers are called out to absorb vibration or shock install a piping clamp with thermoplastic elastomer insert.  Cush-A-Clamp or equal.

		D. Vertical Piping Clamps:  Provide factory�fabricated two-bolt vertical piping riser clamps, MSS Type 8.

		E. Hanger�Rod Attachments:  Except as otherwise indicated, provide factory�fabricated hanger�rod attachments of one of the following MSS types listed.

		F. Building Attachments:  Except as otherwise indicated, provide factory�fabricated building attachments of one of the following types listed.

		G. Saddles and Shields:  Except as otherwise indicated, provide saddles or shields under piping hangers and supports, factory�fabricated, for all insulated piping.  Size saddles and shields for exact fit to mate with pipe insulation.

		H. Miscellaneous Materials:



		2.3 PIPE PORTALS

		A. Where pipe portals are not provided by other sections of Specification, provide prefabricated insulated pipe portals as required for piping penetrating through the roof where shown on plans.  Field built pipe portals are acceptable alternatives - provide detail of construction for review.

		B. Standard pipe portals, unless otherwise noted, shall be constructed as follows:

		C. Manufacturer:  Roof Products Systems, Pate, or equal.



		2.4 PIPE STANDS

		2.5 EQUIPMENT/PIPING RAILS

		A. Where equipment/pipe rails are not provided by other sections of Specification, provide prefabricated reinforced equipment rails as required for support of equipment and piping.  Field built curbs are acceptable alternatives - provide detail of construction for review.

		B. Standard equipment rail, unless otherwise noted, shall be constructed as follows:

		C. Equipment rails to be constructed to meet equipment size and weight requirements.  Provide tapered rails to match roof pitch where required.

		D. Manufacturer:  Pate, Vent Products, Thy Curb, Roof Products Systems, or equal.



		2.6 ACCESS PANELS AND ACCESS DOORS

		A. Provide all access doors and panels to serve equipment under this work, including those which must be installed, in finished architectural surfaces.  Frame of 16-gauge steel, door of 20 gauge steel.  1" flange width, continuous piano hinge, key operated, prime coated.  Refer to Division 01 Architectural specifications and drawings for the required product Specification for each surface.  Contractor is to submit schedule of access panels for approval.  Exact size, number and location of access panels are not shown on Plans.  Access doors shall be of a size to permit removal of equipment for servicing.  Access door shall have same rating as the wall or ceiling in which it is mounted.  Provide access panel for each trap primer or concealed valve, for fire and combination fire/smoke dampers, and for volume dampers.  Use no panel smaller than 12" x 12" for simple manual access, or smaller than 24" x 24" where personnel must pass through. Provide cylinder lock for access door serving mixing or critical valves in public areas.

		B. Included under this work is the responsibility for verifying the exact location and type of each access panel or door required to serve equipment under this work and in the proper sequence to keep in tune with construction and with prior approval of the Owner’s Representative.  Access doors in fire rated partitions and ceilings shall carry all label ratings as required to maintain the rating of the rated assembly.

		C. Submit markup of architectural plans showing size and location of access panels required for equipment access for approval by Owner’s Representative.

		D. Manufacturers:  Milcor, Karp, Nystrom, Elmdor/Stoneman, or equal.



		2.7 IDENTIFICATION MARKERS

		A. Mechanical Identification Materials:  Provide products of categories and types required for each application as referenced in other Division 23 Sections.  Where more than single type is specified for application, selection is installer's option, but provide single selection for each product category. Stencils are not acceptable.

		B. Plastic Pipe Markers:

		C. Plastic Duct Markers:

		D. Valve Tags:

		E. Plastic Equipment Signs:

		F. Acceptable Manufacturers:  Craftmark, Seton, Brady, Marking Services, Inc., or Brimar.



		2.8 ELECTRICAL

		A. General:

		B. Quality Assurance:

		C. Motors:

		D. Starters and Electrical Devices:

		E. Low Voltage Control Wiring:

		F. Disconnect Switches:





		PART 3 - EXECUTION

		3.1 GENERAL

		A. Workmanship shall be performed by licensed journeymen or master mechanics and shall result in an installation consistent with the best practices of trades.

		B. Install work uniform, level and plumb, in relationship to lines of building.  Do not install any diagonal, or otherwise irregular work unless so indicated on Drawings or approved by Owner’s Representative.



		3.2 MANUFACTURER'S DIRECTIONS

		A. Follow manufacturers' directions and recommendations in all cases where the manufacturers of articles used on this Contract furnish directions covering points not shown on the Drawings or covered in these Specifications.



		3.3 INSTALLATION

		A. Coordinate the work between the various Mechanical Sections and with the work specified under other Divisions.  If any cooperative work must be altered due to lack of proper supervision or failure to make proper and timely provisions, the alternations shall be made to the satisfaction of the Engineer and at the Contractor’s cost.  Coordinate wall and ceiling work with the General Contractor, and other trades in locating ceiling air outlets, wall registers, etc.

		B. Inspect all material, equipment, and apparatus upon delivery and do not install any damaged or defected materials.



		3.4 SUPPORTS AND HANGERS

		A. Prior to installation of hangers, supports, anchors, and associated work, installer shall meet at project site with Contractor, installer of each component of associated work, inspection and testing agency representatives, (if any), installers of other work with requirements specified.

		B. Installation of Building Attachments:  Install building attachments at required locations within concrete or on structural steel for proper piping support.  Install additional building attachments where support is required for additional concentrated loads, including valves, flanges, guides, strainers, expansion joints, and at changes in direction of piping.  Install concrete inserts before concrete is placed.  Fasten insert securely to forms.  Where concrete with compressive strength less than 2,500 psi is indicated, install reinforcing bars through opening at top of inserts.

		C. Proceed with installation of hangers, supports, and anchors only after required building structural work has been completed in areas where the work is to be installed.  Correct inadequacies including, but not limited to, proper placement of inserts, anchors, and other building structural attachments.

		D. Install hangers, supports, clamps, and attachments to support piping properly from building structure.  Arrange for grouping of parallel runs of horizontal piping to be supported together on trapeze type hangers where possible.  Where piping of various sizes is to be supported together by trapeze hangers, space hangers for smallest pipe size or install intermediate supports for smaller diameter pipe.  Do not use wire or perforated metal to support piping, and do not support piping from other piping.

		E. Install hangers within 12 inches of every change in piping direction, end of pipe run or concentrated load, and within 36 inches of every major piece of equipment.  Hangers shall be installed on both sides of flexible connections.  Where flexible connection connects directly to a piece of equipment only one hanger is required.

		F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.  Except as otherwise indicated for exposed continuous pipe runs, install hangers and supports of same type and style as installed for adjacent similar piping.

		G. Support sprinkler piping and gas independently of other piping.

		H. Prevent electrolysis in support of copper tubing by use of hangers and supports which are copper plated, or by other recognized industry methods.

		I. Provisions for Movement:

		J. Installation of Anchors:

		K. Equipment Supports:

		L. Adjusting:



		3.5 WALL, FLOOR, AND ROOF PENETRATION SIZING

		A. All pipe penetrations through rated and non-rated assemblies shall be sized to allow for compliance with structural integrity and fire ratings, as applicable.  Where sleeves are required, the sleeve size shall be installed with the inside clear diameter providing clearances as required below.  Coordinate the required opening sizes with the manufacturer of the fire protection products.



		3.6 ROOF CURBS, EQUIPMENT RAILS, PIPE PORTALS

		A. Install per manufacturer's instructions.

		B. Coordinate with other trades so units are installed when roofing is being installed.

		C. Verify roof insulation thickness and adjust raise of cant to match.



		3.7 ELECTRICAL COORDINATION

		A. Division 23 installers shall coordinate with Division 26 work to provide complete systems as required to operate all mechanical devices installed under this Division of work.

		B. Installation of Electrical Connections:  Furnish, install, and wire (except as may be otherwise indicated) all heating, ventilating, air conditioning, etc., motors and controls in accordance with the drawings and in accordance with equipment manufacturer’s written instructions and with recognized industry practices, and complying with applicable requirements of UL, CEC, and NECA’s “Standard of Installation” to ensure that products fulfill requirements.

		C. Division 23 has responsibilities for electrically powered mechanical equipment which is specified in Division 23 Specifications or scheduled on Division 23 Drawings as follows:

		D. Division 26 Electrical Responsibilities:

		E. Motors and Motor Control Equipment:  Conform to the standards of the NEMA.  Equip motors with magnetic or manual line starters with overload protection.  Motor starters and line voltage controls shall be installed under Electrical Section but located and coordinated as required under this Section of the work.  Starters shall be combination type with non�fusible disconnect switches.  All single phase fractional horsepower motors shall have built�in overload protection.



		3.8 PAINTING

		A. All painting shall be provided under this Division work, unless otherwise specified under Section 099100:  Painting.  Painting schemes shall comply with ANSI A13.1.  Paint all exposed materials such as piping, ductwork, equipment, insulation, steel, etc.  Exposed gas piping inside and outside the building shall be painted with two coats of “Rust-O-Leum” Yellow.  The inside surface of visible ductwork above diffusers/grilles shall be painted flat black.  Exposed copper indirect waste piping serving food service equipment shall be painted metallic chrome.

		B. All exposed work under Division 23 shall receive either a factory finish or a field prime coat finish, except:



		3.9 IDENTIFICATION MARKERS

		A. General:  Where identification is to be applied to surfaces which require insulation, painting, or other covering or finish, including valve tags in finished mechanical spaces, install identification after completion of covering and painting.  Install identification prior to installation of acoustical ceilings and similar removable concealment.

		B. Piping System Identification:

		C. Underground Piping Identification:  During backfilling/topsoiling of each exterior underground piping system, install continuous underground�type plastic line marker, located directly over buried line at 6" to 8" below finished grade.  Where multiple small lines are buried in common trench and do not exceed overall width of 16", install single line marker.

		D. Ductwork Identification:  A minimum of every 20' for all ductwork 12" or more in diameter or width.

		E. Mechanical Equipment Identification:  Locate engraved plastic laminate signs on or near each major item of mechanical equipment and each operational device.  Provide signs for the following:

		F. Text of Signs:  In addition to name of identified unit, provide lettering to distinguish between multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations.  Equipment signs shall include an identification of the area or other equipment served by the equipment being labeled.



		3.10 VIBRATION AND DYNAMIC BALANCING

		A. All equipment submitted and installed by Div. 23 shall not exceed maximum tolerances as specified by the “International Research and Development Corporation”, Worthington, Ohio, measured by the displacement, peak to peak, as follows:

		B. Where installed equipment noise or vibration is objectionable to the engineer, it shall be responsibility of the contractor to conduct testing to confirm that the equipment does not exceed the standard.  

		C. Correction shall be made to all equipment, which exceeds vibration tolerances specified above.  Final vibration levels shall be reported as described above.



		3.11 TESTING

		A. Provide all tests specified hereinafter and as otherwise required.  Provide all test equipment, including test pumps, gauges, instruments, and other equipment required.  Test all rotational equipment for proper direction of rotation.  Upon completion of testing, certify to the Owner’s Representative, in writing, that the specified tests have been performed and that the installation complies with the specified requirements and provide a report of the test observations signed by qualified inspector.

		B. Ductwork:  Test all air quantities as specified in Section 230593 - Testing, Adjusting and Balancing.  Pressure tests per SMACNA.

		C. Registers and Diffusers:  Test for proper operation of manually operated control feature.  Test all air quantities as specified in Section 230593 – Testing, Adjusting and Balancing.

		D. Ductwork Specialties:  Test all operable ductwork specialties for proper operation.  Check all fire, smoke and fire/smoke dampers to ensure that they are 100% open.

		E. Temperature Control:  Test all control functions to assure that all systems are controlling as specified or as otherwise necessary and that all controls are adjusted to maintain proper room temperatures.  The manufacturer's representative shall perform all tests.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SUMMARY 


A. All mechanical equipment, piping and ductwork as noted on the equipment schedule 
or in the specification shall be mounted on vibration isolators to prevent the 
transmission of vibration and mechanically transmitted sound to the building 
structure. 


B. Vibration isolators shall be selected in accordance with the weight distribution so as 
to produce reasonably uniform deflections. 


C. All mechanical equipment, piping and ductwork as noted on the equipment schedule, 
in the specification or as required by code shall be designed to resist seismic forces. 
 Refer to Section 230549 Seismic Restraint for Piping, Ductwork and Equipment 


D. This Section includes the following: 
1. Vibration Isolation pads. 
2. Vibration Isolation mounts. 
3. Restrained uni-directional seismic isolation snubber mounts. 
4. Spring isolators. 
5. Housed seismic spring vibration mounts. 
6. Elastomeric hangers. 
7. Spring hangers. 
8. Spring hangers with vertical-limit stops. 
9. Pipe riser resilient supports. 
10. Resilient pipe guides. 
11. Air-mounting system. 
12. Restrained vibration isolation roof-curb rails. 
13. Seismic snubbers. 
14. Seismic Restraining braces and cable systems for equipment, piping, and 


ductwork. 
15. Vibration isolation equipment bases. 
16. Flexible piping connectors 
17. Flexible ductwork connectors 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230549:  Seismic Restraint for Piping, Ductwork and Equipment 


1.4 DEFINITIONS 


A. AHJ: Authority Having Jurisdiction 
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B. IBC:  International Building Code with State Amendments. 


C. ICC-ES:  ICC-Evaluation Service. 


D. OSHPD:  Office of Statewide Health Planning and Development for the State of 
California. Nationally recognized state enforcement agency for certifying and seismic 
restraint systems. 


1.5 CODES AND STANDARDS 


A. Provide components conforming to the load requirements of the latest addition of the 
local building code and the following: 
1. 2012 International Building Code with AHJ Amendments 
2. American Society of Civil Engineers (ASCE): 


a. ASCE 7-10:  Minimum Design Loads for Buildings and Other 
Structures 


3. The Manufacturers Standardization Society (MSS): 
a. MSS SP-58:  Pipe Hangers and Supports - Materials, Design, 


Manufacture, Selection, Application, and Installation. 
b. MSS SP-69:  Pipe Hangers and Supports - Selection and 


Application. 
c. MSS SP-89:  Pipe Hangers and Supports - Fabrication and 


Installation Practices 
d. MSS SP-127:  Bracing for Piping Systems Seismic-Wind-Dynamic 


Design, Selection, Application. 
4. Mason West Inc. Seismic Restraint Guidelines 2014 Edition 


a. OPM-0043-13 for all suspended piping, suspended ductwork and 
suspended electrical raceways 


1.6 PERFORMANCE REQUIREMENTS 


A. Seismic-Restraint Loading: 
1. Seismic forces for new installations are determined per ASCE/SEI 7-05.  


Refer to Structural Design for seismic factors and design criteria.  Select and 
submit appropriate values for each piece of equipment and sub-system and 
material type for the project, and base the seismic calculations on these 
values. 


2. Refer to Section 230549 Seismic Restraint for Piping, Ductwork and 
Equipment for seismic specific requirements. 


3. Coordinate all seismic and load requirements with the registered 
professional Structural Engineer. 


B. Component Importance Factor: 
1. Ip=1.0: Standard Occupancies and components associated with Risk 


Category I, II, and III, including offices and schools. 


1.7 QUALITY ASSURANCE 


A. Testing Agency Qualifications:  An independent agency, with the experience and 
capability to conduct the testing indicated, that is a nationally recognized testing 
laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to 
authorities having jurisdiction. 
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B. Comply with seismic-restraint requirements in the IBC unless requirements in this 
Section are more stringent. 


C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 


D. Building Structural Limits: The design of supports and restraints shall not exceed the 
building structure allowable point loads.  Coordinate all work with the registered 
professional Structural Engineer. 


1.8 SUBMITTALS 


A. Product Data shall include the following: 
1. Catalog cuts or data sheets on vibration isolators and specific restraints 


detailing compliance with the specification. 
2. Detailed schedules of flexible and rigidly mounted equipment, showing 


vibration isolators and seismic restraints by referencing numbered 
descriptive drawings. 


3. Include rated load, rated deflection, and overload capacity for each vibration 
isolation device. 


4. Illustrate and indicate style, material, strength, fastening provision, and finish 
for each type and size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report 


numbers and rated strength in tension and shear as evaluated by an 
evaluation service or agency acceptable to authorities having 
jurisdiction. 


b. Annotate to indicate application of each product submitted and 
compliance with requirements. 


5. Interlocking Snubbers:  Include ratings for horizontal, vertical, and combined 
loads. 


B. Shop Drawings: 
1. Submit fabrication details for equipment bases including dimensions, 


structural member sizes and support point locations. 
2. Provide all details of suspension and support for ceiling hung equipment. 
3. Where walls, floors, slabs or supplementary steel work are used for seismic 


restraint the locations, details of acceptable attachment methods for ducts, 
conduit and pipe must be included and approved before the condition is 
accepted for installation.  Restraint manufacturers' submittals must include 
spacing, static loads and seismic loads at all attachment and support points. 


4. Provide specific details of seismic restraints and anchors; include number, 
size and locations for each piece of equipment. 


C. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details 
indicated to comply with performance requirements and design criteria, including 
analysis data signed and sealed by the qualified professional engineer responsible 
for their preparation. 
1. Design Calculations:  Calculate static and dynamic loading due to equipment 


weight and operation, seismic and where required wind forces required to 
select vibration isolators, seismic and wind restraints, and for designing 
vibration isolation bases. 


2. Riser Supports:  Include riser diagrams and calculations showing anticipated 
expansion and contraction at each support point, initial and final loads on 
building structure, spring deflection changes, and seismic loads.  Include 
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certification that riser system has been examined for excessive stress and 
that none will exist. 


3. Vibration Isolation Base Details:  Detail overall dimensions, including 
anchorages and attachments to structure and to supported equipment.  
Include auxiliary motor slides and rails, base weights, equipment static 
loads, power transmission, component misalignment, and cantilever loads.  
Provide base with level top surfaces with integral sloping on bottom to match 
support structure. 


D. Coordination Drawings:  Show coordination and plan locations of seismic bracing for 
HVAC piping, ductwork, and equipment with other systems and equipment in the 
vicinity, including other supports and seismic restraints. 


E. Qualification Data:  Devices shall be selected to meet seismic and support 
requirements by a registered professional Structural Engineer. 


F. Air-Mounting System Performance Certification:  Include natural frequency, load, and 
damping test data performed by an independent test agency. 


G.F. Operation and Maintenance Data:  For air-mounting systems to include in operation 
and maintenance manuals. 


PART 2 - PRODUCTS 


2.1 GENERAL REQUIREMENTS AND APPLICATION 


A. Factory Finishes: 
1. Standard paint applied to factory-assembled equipment before shipping. 
2. Powder coating on springs and housings. 
3. All hardware shall be galvanized or powder coated. 
4. Hot-dip galvanized or powder coating of metal components for exterior use. 
5. Baked enamel or powder coat for metal components for interior use. 


B. Glumac Device Key Schedule:  Part 3 of this Section schedules the application of 
devices described in Part 2 for use with mechanical equipment found on this project. 
 The tag designation of preferred devices is as follows: 


 
 
 


Glumac 


Isolator Tag 


Description 


P-1 Vibration isolation waffle pad 


P-2 Double deflection neoprene mount 


P-3 Uni-directional restrained neoprene snubber mount 


P-4 Interlocking uni-directional snubber 


S-1 Open spring vibration isolator 


S-2 Steel housed seismic spring vibration isolator 


S-3 Bellows air spring isolator 


S-4 Restrained air spring isolator 


C-1 Seismic spring isolation roof curb (20 ton HVAC and below) 


C-2 Seismic spring isolation roof curb (Greater than 20 ton HVAC) 


C-3 Curb mounted spring isolation roof base 


B-1 Integral equipment and motor base 
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B-2 Integral equipment and motor base 


B-3 Concrete filled steel inertia base 


H-1 Spring and rubber in shear vibration isolation hanger  


G-1 All-directional pipe anchor 


G-2 Vertical pipe guide 


G-3 Horizontal thrust restraint 


SB-1 Sway bracing 


F-1 Kevlar/rubber spherical type flexible piping coupling 


F-2 Stainless hose flexible piping coupling 


F-3 Flexible expansion joints 


F-4 Flexible ductwork connector 


2.2 VIBRATION ISOLATORS 


A. Basis-of-Design Product:  Subject to compliance with requirements, provide a 
product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Kinetics Noise Control. 
5. Vibration Eliminator Co., Inc. 
6. Vibration Isolation. 
7. Vibration Mountings & Controls, Inc 
8. Vibro-Acoustics, Inc 
9. Vibrex 


B. P-1 Style:  Neoprene pads shall consist of a 3/4" (19 mm) thick neoprene pad 
molded in square waffle modules, a minimum 1/4” (6 mm) thick steel load 
distribution plate and 3/4” ( 19 mm) hole with a neoprene anchor bolt bushing with a 
flat washer face.  Pads may be single or multiple layers as required for leveling.  
Pads shall be Mason #MBSW Series or equal. 


C. P-2 Style:  Bridge-bearing neoprene mountings shall have a minimum static 
deflection of 0.2" (5mm) and all directional seismic capability.  The mount shall 
consist of a ductile iron casting containing two separated and opposing molded 
neoprene elements.  The elements shall prevent the central threaded sleeve and 
attachment bolt from contacting the casting during normal operation.  The shock 
absorbing neoprene materials shall be compounded to bridge-bearing specifications. 
 Mountings shall be Mason #BR Series or equal. 


D. P-3 Style:  All-directional seismic snubbers shall consist of interlocking steel 
members restrained by a one-piece molded neoprene bushing of bridge bearing 
neoprene.  Bushing shall be replaceable and a minimum of 1/4” (6 mm) thick.  A 
minimum air gap of 1/8” (3 mm) shall be incorporated in the snubber design in all 
directions before contact is made between the rigid and resilient surfaces.  No sharp 
edges such as bolt threads may come in contact with the neoprene bushing.  
Snubber end caps shall be removable to allow inspection of internal clearances.  
Snubber shall be Mason #Z-1225 Series or equal. 


E. P-4 Style:  All directional seismic snubbers shall consist of interlocking steel 
members restrained by shock absorbent rubber materials compounded to bridge 
bearing specifications.  Elastomeric materials shall be replaceable and a minimum of 
3/4" (19 mm) thick.  Rated loadings shall not exceed 1000 psi.  Snubbers shall be 
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manufactured with an air gap between hard and resilient material of not less than 
1/8" (3 mm) nor more that 1/4" (6 mm).  Snubbers shall be installed with factory set 
clearances.  The capacity of the seismic snubber at 3/8" (9 mm) deflection shall be 
equal or greater than the load assigned to the mounting grouping controlled by the 
snubber multiplied by the applicable "G" force.  Submittals shall include the load 
deflection curves up to 1/2" (12 mm) deflection in the x, y and z planes.  Snubbers 
shall be Mason #Z-1011 Series or equal. 


F. S-1 Style:  Spring isolators shall be free standing and laterally stable without any 
housing and complete with a molded neoprene cup or 1/4" (6 mm) neoprene 
acoustical friction pad between the base plate and the support.  All mountings shall 
have leveling bolts that must be rigidly bolted to the equipment.  Spring diameters 
shall be no less than 0.8 of the compressed height of the spring at rated load.  
Springs shall have a minimum additional travel to solid equal to 50% of the rated 
deflection.  Two base plate holes for attachment to support surface.  Isolators shall 
be Mason #SLFH Series or equal. 


G. S-2 Style:  Restrained spring mountings shall include springs that are free standing 
and laterally stable and complete with a molded neoprene cup or 1/4" (6 mm) 
neoprene acoustical friction pad between the spring and the mounting base plate.  
All spring assemblies shall have leveling bolts. Spring diameters shall be no less 
than 0.8 of the compressed height of the spring at rated load. Springs shall have a 
minimum additional travel to solid equal to 50% of the rated deflection.  Mount 
housing shall include vertical limit stops to prevent spring extension when weight is 
removed.  All restraining bolts shall have large rubber grommets to provide 
cushioning in the vertical and horizontal directions.  A minimum clearance of 3/8” (9 
m) shall be maintained around restraining bolts so as not to interfere with the spring 
action.  Mountings shall be Mason #SLR Series or #SLRS Series for steel/wood 
connections and Mason #SLREBP Series or #SLRSEBP Series or #SSLFH Series 
for concrete connections, or equal. 


H. S-3 Style:  Multiple bellow air springs shall be manufactured with powder coated 
upper and lower steel sections connected by a replaceable, flexible Nylon reinforced 
Neoprene element to achieve a maximum natural frequency of 3 Hz.  Burst pressure 
must be a minimum of three (3) times the published maximum operating pressure.  
All air spring systems shall be equipped with three (3) leveling valves connected to 
the building control air or a supplementary air supply to maintain elevation plus or 
minus 1/8" (3 mm).  An air filter and water separator shall be installed before the air 
distribution system to the leveling valves.  Submittals shall include natural frequency, 
as well as load and damping tests, all as performed by an independent lab or 
acoustician.  Air springs shall be Mason #MT and leveling valves Mason #LV, or 
equal. 


I. S-4 Style:  Restrained mountings shall include multiple bellow air springs 
manufactured with powder coated upper and lower steel sections connected by a 
replaceable, flexible Nylon reinforced Neoprene element to achieve a maximum 
natural frequency of 3 Hz.  Burst pressure must be a minimum of three (3) times the 
published maximum operating pressure.  Mount housing shall include vertical limit 
stops to prevent spring extension when weight is removed.  All restraining bolts shall 
have large rubber grommets to provide cushioning in the vertical and horizontal 
directions.  A minimum clearance of 3/8” (9 mm) shall be maintained around 
restraining bolts so as not to interfere with the spring action. Mountings shall have 
test reports or calculations certifying the maximum allowable horizontal and vertical 
load ratings.  All air spring systems shall be equipped with three (3) leveling valves 
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connected to the building control air or a supplementary air supply to maintain 
elevation plus or minus 1/8" (3 mm).  An air filter and water separator shall be 
installed before the air distribution system to the leveling valves.  Submittals shall 
include natural frequency, as well as load and damping tests, all as performed by an 
independent lab or acoustician.  Mountings shall be Mason #SLR-MT for steel 
connections and Mason #SLREBP for concrete connections and leveling valves 
Mason #LV, or equal. 


2.3 SEISMIC RESTRAINED SPRING VIBRATION ISOLATION ROOF-CURB (C-1) (HVAC 
UNITS 20 TON AND UNDER CAPACITY) 


A. Basis-of-Design Product:  Subject to compliance with requirements, provide a 
product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Isolation Technology, Inc. 
5. Kinetics Noise Control. 
6. Thybar Corporation. 
7. Vibration Eliminator Co., Inc. 
8. Vibration Isolation. 
9. Vibration Mountings & Controls, Inc 
10. Vibro-Acoustics, Inc. 


B. C-1 Style: Curb mounted rooftop equipment shall be mounted on spring isolation 
curbs.  Curbs shall consist of continuous sheet metal frames above and below 
isolators.  Isolators shall be adjustable, free-standing and laterally stable and include 
a 1/4” (6 mm) acoustical neoprene cup and leveling bolt.  Spring diameters shall be 
no less than 0.8 of the compressed height of the spring at the rated load with 50% 
additional travel to solid.  Seismic snubbers with an all directional neoprene bushing 
and 1/4” (6 mm) air gap shall be incorporated into each corner.  A continuous sheet 
metal flashing shall be attached to the upper frame and be separated from the lower 
frame by a neoprene weatherseal.  The sheet metal flashing shall incorporate 
removable cover plates for adjustment and inspection of isolators after the unit is set. 
 The unit must be solidly fastened to the top steel frame and the lower sheet metal 
curb must be attached to the roof structure.  Curb shall be Mason #ISC Series or 
equal. 


C. C-3 Style: Curb mounted rooftop equipment shall be mounted on vibration isolation 
bases that fit over the rigid roof curb and under the isolated equipment.  The 
extruded aluminum top member shall overlap the bottom to provide water runoff 
independent of the seal.  Aluminum members shall house electro-galvanized or 
powder coated springs selected for 0.75” (20 mm) minimum deflection.  Travel to 
solid shall be 1.5” (40 mm) minimum.  Spring diameters shall be no less than 0.8 of 
the spring height at rated load.  Wind resistance shall be provided by means of 
resilient snubbers in the corners with a minimum clearance of 1/4” (6 mm) so as not 
to interfere with the spring action except in high winds.  Manufacturer’s self adhering 
closed cell sponge gasketing must be used both above and below the base and a 
flexible EPDM duct like connection shall seal the outside perimeter.  Foam or other 
sliding or shear seals are unacceptable in lieu of the EPDM ductlike closure.  
Submittals shall include spring deflections, spring diameters, compressed spring 
height and solid spring height as well as seal and wind resistance details.  Curb 
mounted bases shall be Mason #CMAB Series or equal. 







SAN DIEGO STATE UNIVERSITY SECTION 230548 
EIS COMPLEX   VIBERATION ISOLATION FOR 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC PIPING DUCTWORK, AND EQUIPMENT 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 230548 - 8 McParlane & Associates, Inc. 


2.4 SEISMIC RESTRAINED SPRING VIBRATION ISOLATION ROOF-CURB (C-2) (HVAC 
UNITS OVER 20 TON CAPACITY) 


A. Basis-of-Design Product:  Subject to compliance with requirements, provide a 
product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Isolation Technology, Inc. 
5. Kinetics Noise Control. 
6. Thybar Corporation. 
7. Vibration Eliminator Co., Inc. 
8. Vibration Isolation. 
9. Vibration Mountings & Controls, Inc 
10. Vibro-Acoustics, Inc. 


B. C-2 Style:  Curb mounted rooftop equipment shall be mounted on spring isolation 
curbs. The lower member shall consist of a sheet metal Z section containing 
adjustable and removable steel springs that support the upper floating section.  The 
upper frame must provide continuous support for the equipment and must be captive 
so as to resiliently resist wind and seismic forces.  All directional neoprene snubber 
bushings shall be a minimum of 1/4" (6 mm) thick. Steel springs shall be laterally 
stable and rest on 1/4" (6 mm) thick neoprene acoustical pads.  Hardware must be 
plated and the springs provided with a rust resistant finish.  The curbs waterproofing 
shall consist of a continuous galvanized flexible counter flashing nailed over the 
lower curbs waterproofing and joined at the corners by EPDM bellows.  All spring 
locations shall have access ports with removable waterproof covers.  Lower curbs 
shall have provision for 2" (50 mm) of insulation.  The roof curbs shall be built to 
seismically contain the rooftop unit.  The unit must be solidly fastened to the top 
floating rail, and the lower Z section anchored to the roof structure.  Curb shall be 
Mason #RSC Series or equal. 


2.5 VIBRATION ISOLATION STEEL EQUIPMENT BASES 


A. Basis-of-Design Product:  Subject to compliance with requirements provide a 
comparable product by one of the following: 
1. Mason, basis of selection or equal by 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Isolation Technology, Inc. 
5. Kinetics Noise Control. 
6. Vibration Eliminator Co., Inc. 
7. Vibration Isolation. 
8. Vibration Mountings & Controls, Inc 
9. Vibro-Acoustics, Inc. 


B. B-1 Style: Vibration isolation manufacturer shall furnish integral structural steel bases 
designed to prevent excessive base flexure at start up, prevent misalignment of 
equipment and provide attachment points for seismic restraints.  Bases shall be 
rectangular in shape and constructed of welded structural steel angle or channel 
members.  Base shall be Mason #MSL Series or equal. 


C. B-2 Style:  Vibration isolation manufacturer shall furnish integral structural steel 
bases designed to prevent excessive base flexure at start up, prevent misalignment 
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of equipment and provide attachment points for seismic restraints.  Bases shall be 
rectangular in shape and constructed of welded wide flange structural steel main 
members with cross bracing located at or near each restraint location.  Where height 
saving brackets are required, they shall be employed in all mounting locations to 
maintain a 1" (25 mm) clearance below the base.  Base shall be Mason #WFSL 
Series or equal. 


D. B-3 Style:  Vibration isolation manufacturer shall furnish rectangular steel concrete 
pouring forms for floating and inertia foundations. Bases for split case pumps shall 
be large enough to provide for suction and discharge elbows and shall be 6”deep for 
pumps thru 75 HP and 10” deep for pumps 100 HP thru 250HP.  Forms shall include 
minimum concrete reinforcing consisting of #4 bars welded in place on 6" centers 
running both ways in a layer 1-1/2" above the bottom. Forms shall be furnished with 
steel templates to hold the anchor bolts sleeves and anchors while concrete is being 
poured.  Height saving brackets shall be employed in all mounting locations to 
maintain a 1" clearance below the base.  Base shall be Mason #BMK Series or #KSL 
Series or equal. 


2.6 SPRING HANGERS 


A. H-1 Style:  Spring hangers shall consist of rigid steel frames containing minimum 1-
1/4” (32 mm)thick neoprene elements at the top and steel springs that are free 
standing and laterally stable seated in a steel washer reinforced neoprene cup at the 
bottom.  Spring diameters shall be no less than 0.8 of the compressed height of the 
spring at rated load. Springs shall have a minimum additional travel to solid equal to 
50% of the rated deflection.  The neoprene element and the cup shall have a 
neoprene bushing projecting through the steel box. A seismic rebound washer made 
of steel and surrounding neoprene shall be provided. Spring diameters and hanger 
box lower hole sizes shall be large enough to permit the hanger rod to swing through 
a 30 arc from side to side before contacting the rod bushing and short circuiting the 
spring. Hangers shall be Mason #RW30N Series or equal. 


2.7 PIPE GUIDES AND SUPPORTS 


A. G-1 Style:  All-directional acoustical pipe anchors shall consist of two sizes of steel 
tubing separated by a minimum 1/2" (12 mm) thick 60 durometer neoprene.  Vertical 
restraint shall be provided by similar material arranged to prevent vertical travel in 
either direction.  Allowable loads on the isolation material should not exceed 500 psi 
and the design shall be balanced for equal resistance in any direction.  All-directional 
anchors shall be Mason #ADA Series or equal. 


B. G-2 Style:  Vertical sliding pipe guides shall consist of a telescopic arrangement of 
two sizes of steel tubing separated by a minimum 1/2" (20 mm) thickness of 60 
durometer neoprene.  The height of the guides shall be preset with a shear pin to 
allow vertical motion due to pipe expansion or contraction.  Shear pin shall be 
removable and reinsertable to allow for selection of pipe movement.  Guides shall be 
capable of 1-5/8" (41 mm) upwards or downwards motion, or to meet location 
requirements.  Pipe guides shall be Mason #VSG Series or equal. 


C. G-3 Style:  Horizontal thrust restraints shall consist of a spring element seated in a 
steel washer reinforced neoprene cup at the bottom, in series with a molded 
neoprene element.  Steel springs shall be free standing and laterally stable. Spring 
diameters shall be no less than 0.8 of the compressed height of the spring at rated 
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load. Springs shall have a minimum additional travel to solid equal to 50% of the 
rated deflection.  The spring element shall be designed so it can be preset for thrust 
at the factory and adjusted in the field to allow for a maximum of 1/4" (6 mm) 
movement at start and stop.  The assembly shall be furnished with 1 rod and angle 
brackets for attachment to both the equipment and the ductwork or the equipment 
and the structure.  Horizontal restraints shall be attached at the centerline of thrust 
and symmetrical on either side of the unit.  Horizontal thrust restraints shall be 
Mason #WBI Series or #WBD Series or equal. 


2.8 SWAY BRACING 


A. SB-1 Style:  Seismic sway braces shall consist of galvanized steel aircraft cables or 
steel angles or struts.  Cables braces shall be designed to resist seismic tension 
loads and steel braces shall be designed to resist both tension and compression 
loads with a minimum safety factor of two (2).  Brace end connections shall be steel 
assemblies that swivel to the final installation angle.  Steel angles or struts, when 
required, shall be clamped to the threaded hanger rods at the seismic sway brace 
locations utilizing a minimum of two ductile iron clamps.  Do not mix cable and steel 
braces to brace the same system or equipment.  Brace assemblies and rod clamps 
shall have an Anchorage Preapproval "OPM" Number from OSHPD in the State of 
California verifying the maximum certified load ratings.  Cable brace assemblies shall 
be Mason #SCB Series or #SCBH Series, steel brace assemblies shall be Mason 
#SSB Series, #SSBS Series or #SHB Series, and rod clamps shall be Mason #SRC 
Series or #UCC Series or equal. 


2.9 FLEXIBLE PIPING CONNECTORS 


A. F-1 Style: Flexible spherical expansion joints for pump connections.  Shall employ 
peroxide cured EPDM in the covers, liners and Kevlar tire cord frictioning.  Solid steel 
rings shall be used within the raised face rubber ends to prevent pullout.  Flexible 
cable bead wire is not acceptable. Sizes 2" and larger shall have two spheres 
reinforced with a ring between spheres to maintain shape and complete with split 
ductile iron or steel flanges with hooked or similar interlocks. Sizes 16" to 24" may be 
single sphere.  Sizes 3/4" to 1 1/2" may have threaded bolted flange assemblies, one 
sphere and cable retention.  14" and smaller connectors shall be rated at 250 psi up 
to 190F with a uniform drop in allowable pressure to 190 psi at 250F.  16" and larger 
connectors are rated 180 psi at 190F and 135 psi at 250F. Safety factors to burst 
and flange pullout shall be a minimum of 3/1.  All joints must have permanent 
markings verifying a 5 minute factory test at twice the rated pressure.  Concentric 
reducers to the above specifications may be substituted for equal ended expansion 
joints.  Expansion joints shall be installed in piping gaps equal to the length of the 
expansion joints under pressure.  Manufacturer shall provide pre-stretching charts 
for expansion joints when used in conjunction with isolated equipment.  Control rods 
need only be used in unanchored piping locations where the manufacturer 
determines the installation exceeds the pressure requirement without control rods, 
as control rods are not desirable in seismic work.  If control rods are used, they must 
have 1/2" thick Neoprene washer bushings large enough in area to take the thrust at 
1000 psi maximum on the washer area.  Expansion joints shall be installed on the 
equipment side of the shut off valves.  Submittals shall include two test reports by 
independent consultants showing minimum reductions of 20 DB in vibration 
accelerations and 10 DB in sound pressure levels at typical blade passage 
frequencies on this or a similar product by the same manufacturer.  All expansion 
joints shall be installed on the equipment side of the shut off valves. Expansion joints 
shall be Mason #SAFEFLEX SFDEJ Series, #SAFEFLEX SFEJ Series, #SAFEFLEX 
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SFDCR Series or #SAFEFLEX SFU Series and Control Rods Mason #CR, or equal. 


B. F-2 Style: Flexible stainless steel hose shall have stainless steel braid and carbon 
steel fittings. Sizes 3" (75 mm) and larger shall be flanged.  Smaller sizes shall have 
male threaded nipples or copper sweat ends.  Hoses must have sufficient length, 
minimum 12” (300 mm) long, to accept 1/2” (12 mm) intermittent motion without 
failure.  Hoses shall be installed on the equipment side of the shut-off valves 
horizontally and parallel to the equipment shafts wherever possible.  Hoses shall be 
Mason #FFL Flanged Series, #CPSB Copper Sweat Series or #CSAMN Threaded 
Series, or equal. 


C. F-3 Style: Flexible Vee or U-bend braided hose across building or expansion joints.  
Piping and equipment connections shall be protected against seismic damage by the 
insertion of braided flexible hose Vee assemblies rated for ±4” (100mm) seismic 
motion in all planes.  Should the application include ±6” (150mm) thermal movement 
or thermal movement alone, install the Vee so the thermal movement is axial.  Vees 
shall have a minimum burst pressure of four times their rated pressure.  Vees in 
steel lines shall have stainless hose and braid.  Copper lines, bronze hose and braid. 
 Guiding and anchoring shall be as recommended by the manufacturer.  60° Vees 
shall be Mason #VFL flanged braided steel Series, #VMN Threaded Braided 
Stainless Steel Series or #VCPSB Copper Sweat Series, or equal. 


2.10 FLEXIBLE DUCTWORK CONNECTORS 


A. F-4 Style: Flexible ductwork connection fabricated of fiberglass canvas with fire 
resistant rated neoprene and UV resistant coating.  Stainless steel metal edge 
banding.  Minimum 4” width: DuroDyne “Durolon” or “Neoprene”, or equal. 


2.11 BRACING DEVICES FOR EQUIPMENT, PIPING, AND DUCTWORK. 


A. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the following: 
1. Amber/Booth Company, Inc. 
2. California Dynamics Corporation 
3. Cooper B-Line, Inc. 
4. Hilti, Inc. 
5. Kinetics Noise Control 
6. Loos & Co. 
7. Mason Industries 
8. Tolco Incorporated 
9. Unistrut 
10. ISAT, Inc 
11. Vibro-Acoustics, Inc. 


B. General Requirements for Restraint Components:  Rated strengths, features, and 
applications shall be as defined in reports by an agency acceptable to authorities 
having jurisdiction. 
1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout 


force of components shall be at least two (2) times the maximum seismic 
forces to which they will be subjected. 


C. Snubbers:  Factory fabricated using welded structural-steel shapes and plates, 
anchor bolts, and replaceable resilient isolation washers and bushings. 
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1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and 
stud-wedge or female-wedge type. 


2. Resilient Isolation Washers and Bushings:  Oil- and water-resistant 
neoprene. 


3. Maximum 1/4-inch (6-mm) air gap, and minimum 1/4” (6 mm) thick resilient 
cushion. 


D. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly 
made of slotted steel channels with accessories for attachment to braced component 
at one end and to building structure at the other end and other matching components 
and with corrosion-resistant coating; and rated in tension, compression, and torsion 
forces. 


E. Hanger Rod Stiffener:  Steel tube, steel slotted support system sleeve or reinforcing 
steel angle clamped to hanger rod are acceptable. 


F. Bushings for Floor-Mounted Equipment Anchorage:  Neoprene bushings designed 
for rigid equipment mountings, and matched to type and size of anchor bolts and 
studs. 


G. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of 
neoprene elements and steel sleeves designed for rigid equipment mountings, and 
matched to type and size of attachment devices used. 


H. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-
resistant neoprene, with a flat washer face. 


I. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications.  
Select anchor bolts with strength required for anchor and as tested according to 
ASTM E488.  Minimum length of eight times diameter. 


J. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or 
urethane methacrylate-based resin and accelerator, or injected polymer or hybrid 
mortar adhesive.  Provide anchor bolts and hardware with zinc-coated steel for 
interior applications and stainless steel for exterior applications.  Select anchor bolts 
with strength required for anchor and as tested according to ASTM E488. 


PART 3 - EXECUTION 


3.1 LOCATION AND APPLICATION OF VIBRATION ISOLATION EQUIPMENT 


A. The following Tables provide schedules for vibration devices required for isolation of 
mechanical equipment provided on the project.  Refer to Part 2 above for device 
specifications. 
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B. Air Handling Units Equipment Isolation 
 


TABLE 1:  EQUIPMENT ISOLATION SCHEDULE – 


AIR HANDLING UNITS 


      LOCATION 


         


EQUIPMENT CRITICAL ROOF OR FLOOR UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


FLOOR MOUNTED          


Up to 15 HP S-1 (1) 1.5 B-1 (1)/B-3 S-1 (1) 0.75 B-1 S-1 (1) 0.75 NA 


20 HP & Over S-1 (1) 2.5 B-1 (1)/B-3 S-1 (1) 1.5 B-2 S-1 (1) 0.75 NA 


SUSPENDED (4)          


Up to 15 HP H-1 1.75 B-1(1)/B-3 H-1 1.0 B-1 H-1 1.0 NA 


20 HP & Over H-1 2.5 B-1 (1)/B-3 H-1 1.75 B-1 H-1 1.0 NA 


HIGH 
PRESSURE 
FAN 
SECTIONS 


(≥5” ESP)          


Up to 30 HP S-2 2.5 B-2 S-2/S-1 1.5 B-2 S-2/S-1 0.75 B-2 


40 HP & Over S-2 3.5 B-2 S-2/S-1 2.5 B-2 S-2/S-1 1.5 B-2 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer factory installed. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 


(4) For pipe and duct connections provide F-2 pipe and F-3 duct connectors. 
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C. Unhoused Fans, Built-up Systems or Cabinet Fans Equipment Isolation  


TABLE 2:  EQUIPMENT ISOLATION SCHEDULE – 


UNHOUSED FANS, BUILT-UP SYSTEMS, OR CABINET FANS 


      LOCATION 


         


EQUIPMENT CRITICAL ROOF OR FLOOR UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


CENTRIFUGAL 
FANS          


CL I & II Up to 54-
1/2” WD          


Up to 15 HP S - 2/S - 1 1.5 B-1/B-3 S-2/S-1 0.75 B-1 S-2/S-1 0.75 B-1 


20 – 50 HP S-2 2.5 B-2 S-2/S-1 1.5 B-2 S-2/S-1 0.75 B-1 


60 HP & Over S-2 3.5 B-2 S–2 2.5 B-2 S-2/S-1 1.5 B-1 


CL I &II 60”W.D 
& OVER/ALL  
CL III FANS          


Up to 15 HP S-2 2.5 B-2 S-2/S-1 1.5 B-1 S-2/S-1 0.75 B-1 


20 – 50 HP S-2 2.5 B-2 S-2 2.5 B-1 S-2/S-1 1.5 B-1 


60 HP & Over S-2 3.5 B-2 S-2 2.5 B-1 S-2/S-1 1.5 B-1 


AXIAL FLOWFANS          


Floor Mtd.          


Up to 15 HP S-1/S-2 1.5 B-1/B-3 S-1 0.75 B-1 S–1 0.75 NA 


20 HP & Over S - 2 3.5 B-2 S-1 1.5 B-2 S-1 0.75 NA 


Suspended          


Up to 15 HP H - 1 1.75 B-1/B-3 H-1 1.0 B-1 H–1 1.0 NA 


20 HP & Over H - 1 2.5 B-1/B-3 H-1 1.75 B-1 H-1 1.5  NA 


UTILITY FAN SETS          


Floor Mounted S - 2/S - 1 1.5 B-1/B-3 S-1 0.75 B-1 S-1 0.75 NA 


Suspended H-1 1.75 B-1/B-3 H-1 1.0 B-1 H-1 0.75 NA 


CABINET FANS 


and FAN  


SECTIONS          


Floor Mounted          


Up to 15 HP S-1(1) 1.5 NA S-1 0.75 NA S-1 0.75 NA 


20 HP & Over S-2(1) 2.5 B-2 S-1 1.5 NA S-1 0.75 NA 


Suspended          


Up to 15 HP H-1 1.75 NA H-1 1.0 NA H-1 0.75 NA 


20 HP & Over H-1 2.5 NA H-1 1.75 NA H-1 1.75 NA 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
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(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) For pipe and duct connections provide F-2 pipe and F-3 duct connectors. 


D. Pumps – Equipment Isolation 
 


TABLE 3:  EQUIPMENT ISOLATION SCHEDULE – 


PUMPS 


      LOCATION 


         


EQUIPMENT CRITICAL ROOF OR FLOOR UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


PUMPS          


Base and Close 
Coupled Floor 


Mounted          


Up to 5 HP S–2/S-1 0.75 B-2 S–2/S-1 0.75 B-1 S–2/S-1 0.4 B-1 


7-1/2 HP & Over S–2/S-1 1.5 B-2 S–2/S-1 1.5 B-2 S–2/S-1 0.75 B-2 


Vertical Split Case 
Floor Mounted          


Up to 5 HP P-1 0.15 NA P-1 0.15 NA P-1 0.15 NA 


7-1/2 HP & Over S–2/S-1 1.5 B-2 S–2/S-1 1.5 B-2 P-1 0.15 NA 


Suspended Inline H-1 1.75 NA H-1 1.75 NA H-1 1.0 NA 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) Provide F-1 flexible connector for all high horsepower pumps, F-2 connector for fractional horsepower pumps. 
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E. Cooling Plant/Refrigeration Equipment Isolation 
 


TABLE 4:  EQUIPMENT ISOLATION SCHEDULE – 


REFRIGERATION/COOLING PLANT EQUIPMENT 


      LOCATION 


         


EQUIPMENT CRITICAL UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


REFRIGERATION 


UNITS          


Scroll type 
Condensing units 
and Compressors S-2 2.5 B-2 S–2/S-1 1.5 B-1 P-1 0.15 NA 


Reciprocating 
Cond. Units & 


Chillers S-2 2.5 B-2 S-2 1.5 B-2 S-1 0.75 NA 


Scroll Chillers S-2 2.5 (2) S-2 1.5 (2) P-1 0.15 NA 


Screw Chillers S-2 2.5 (2) S-2 1.5 (2) P-1 0.15 NA 


Hermetic 
Centrifugal Chillers S-2 2.5 (2) S-2 1.5 (2) P-1 0.15 NA 


Open Centrifugal 
Chillers S-2 2.5 (2) S–2/S-1 1.5 (2) P-1 0.15 NA 


Absorption Chillers S-2 1.5  S-2 0.75 NA P-1 0.15 NA 


COOLING 


TOWERS & 


CLOSED CIRCUIT 


COOLERS          


Up to 500 Tons S-2 2.5 (3) S–2 0.75  (3) P-1 0.15 (2) 


Over 500 Tons S-2 4.5 (3) S-2 2.5  (3) P-1 0.15 (2) 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) Provide F-2 pipe connections to unit. 


 







SAN DIEGO STATE UNIVERSITY SECTION 230548 
EIS COMPLEX   VIBERATION ISOLATION FOR 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC PIPING DUCTWORK, AND EQUIPMENT 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 230548 - 17 McParlane & Associates, Inc. 


 


F. Miscellaneous Equipment Isolation 
 


TABLE 5:  EQUIPMENT ISOLATION SCHEDULE – 


MISCELLANEOUS EQUIPMENT 


      LOCATION 


      '   


EQUIPMENT CRITICAL UPPER STORY ON GRADE 


      (35' - 50' SPAN) (20' - 35' SPAN)  


      ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  ISOLATOR MINIMUM BASE  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


        (IN)     (IN)     (IN)  


      TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE TYPE DEFLECTION TYPE 


ROOFTOP AIR 


CONDITIONING 


UNITS          


Up to 20 Ton S-2 1.5 C-1/C-3 S-2 1.5 C-1/C-3 NA NA NA 


Over  20 Ton S-2 2.5 C-2 S-2 2.5 C-2 NA NA NA 


BOILER 


(PACKAGE TYPE)          


All Sizes P-1 0.15 (3) P-1 0.15 (3) P-1 0.15 (3) 


ENGINE DRIVEN 


GENERATORS          


Up to 60 HP S-2 2.5 B-2 S-2 1.5 B-2 S-2 0.75 NA 


75 HP & Over S-2 3.5 B-2 S-2 2.5 B-2 S-2 0.75 NA 


Notes: 
(1) Alternate: Factory installed by equipment manufacturer. 
(2) Provide full perimeter steel welded frame below equipment 
(3) Provide support per manufacturer’s recommendation 
(4) For pipe and duct connections to units provide F-2 pipe and F-3 duct connectors. 


3.2 EXAMINATION 


A. Examine areas and equipment to receive vibration isolation and seismic and wind-
control devices for compliance with requirements for installation tolerances and other 
conditions affecting performance. 


B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual 
locations before installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 APPLICATIONS 


A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for 
application by an evaluation service or agency acceptable to authorities having 
jurisdiction. Indicate on Drawings, by details, schedules, or a combination of both, 
the locations where hanger rods for individual pipes and hanger rods for trapeze 
hangers require hanger rod stiffeners. 
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B. Hanger Rod Stiffeners:  Install hanger rod stiffeners where indicated or scheduled on 
Drawings to receive them and where required to prevent buckling of hanger rods due 
to seismic forces. 


C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select 
sizes of components so strength will be adequate to carry present and future static 
and seismic loads within specified loading limits. 


3.4 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION 


A. Comply with requirements in Division 07 Section "Roof Accessories" for installation 
of roof curbs, equipment supports, and roof penetrations. 


B. Comply with manufacturer's recommendations for selection and application of 
vibration isolation materials and units except as otherwise indicated.  Comply with 
minimum static deflections recommended by ASHRAE, of vibration isolation 
materials and units where not otherwise indicated. 


C. Comply with manufacturer's instructions for installation and load application to 
vibration control materials and units except as otherwise indicated.  Adjust to ensure 
that units have equal deflection, do not bottom out under loading, and are not 
short-circuited by other contacts or bearing points.  Remove space blocks and 
similar devices intended for temporary support during installation. 


D. All vibration isolators and seismic restraint systems must be installed in strict 
accordance with the manufacturers written instructions and all certified submittal 
data. 


E. Installation of vibration isolators and seismic restraints must not cause any change of 
position of equipment, piping or ductwork resulting in stresses or misalignment.   


F. No rigid connections between equipment and the building structure shall be made 
that degrades the noise and vibration control system herein specified. 


G. Any conflicts with other trades which will result in rigid contact with equipment or 
piping due to inadequate space or other unforeseen conditions should be brought to 
the architects/engineers attention prior to installation.  Corrective work necessitated 
by conflicts after installation shall be at the responsible contractor’s expense. 


H. Install units between substrate and equipment as required for secure operation and 
to prevent displacement by normal forces, and as indicated. 


I. Adjust leveling devices as required to distribute loading uniformly onto isolators.  
Shim units as required where substrate is not level. 


J. Flexible Pipe Connectors:  Install on equipment side of shutoff valves. 


K. Upon completion of vibration control work, prepare report showing measured 
equipment deflections for each major item of equipment as indicated.  Clean each 
vibration control unit, and verify that each is working freely, and that there is no dirt or 
debris in immediate vicinity of unit that could possibly short-circuit unit isolation. 


L. Equipment Restraints: 
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1. Install seismic snubbers on HVAC equipment mounted on vibration isolators. 
 Locate snubbers as close as possible to vibration isolators and bolt to 
equipment base and supporting structure. 


2. Install resilient bolt isolation washers on equipment anchor bolts where 
clearance between anchor and adjacent surface exceeds 0.125 inch (3.2 
mm). 


3. Install seismic-restraint devices using methods approved by an evaluation 
service or agency acceptable to the authorities having jurisdiction.  Provide 
required submittals for components. 


M. Piping Restraints: 
1. Comply with requirements in MSS SP-127. 
2. Space lateral supports a maximum of 40 feet (12m) and longitudinal 


supports a maximum of 80 feet (24m). 
3. Brace a change of direction longer than 12 feet (3.7m). 


N. Install cables so they do not bend across edges of adjacent equipment or building 
structure. 


O. Install seismic-restraint devices using methods approved by an evaluation service or 
agency acceptable to the authorities having jurisdiction, providing required submittals 
for component. 


P. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to 
provide resilient media between anchor bolts and mounting hole in concrete base. 


Q. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged 
to provide resilient media where equipment or equipment-mounting channels are 
attached to wall. 


R. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 


S. Drilled-in Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to 


drilling holes for anchors.  Do not damage existing reinforcing or embedded 
items during coring or drilling.  Notify the Structural Engineer if reinforcing 
steel or other embedded items are encountered during drilling.  Locate and 
avoid pre-stressed tendons, electrical and telecommunications conduit, and 
gas lines. 


2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 


3. Wedge Anchors:  Protect threads from damage during anchor installation.  
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the 
structural element to which anchor is to be fastened. 


4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust 
prior to installation of adhesive.  Place adhesive in holes proceeding from the 
bottom of the hole and progressing toward the surface in such a manner as 
to avoid introduction of air pockets in the adhesive. 


5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for 


exterior applications. 







SAN DIEGO STATE UNIVERSITY SECTION 230548 
EIS COMPLEX   VIBERATION ISOLATION FOR 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC PIPING DUCTWORK, AND EQUIPMENT 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 230548 - 20 McParlane & Associates, Inc. 


3.5 VIBRATION ISOLATION OF PIPING 


A. Horizontal Piping: The first three pipe supports from vibration isolated equipment 
must be vibration isolated.   The static deflection of the pipe support isolators must 
be equal to the static deflection for the isolators under the connected equipment.  
Overhead piping shall suspend from Mason Type 30N spring hangers, or equal.  
Floor supported piping shall rest on Mason Type SLR isolators, or equal.  Refer to 
contract drawings for additional vibration isolation requirements for piping.  Where 
piping connects to mechanical equipment install Mason Type SFDEJ or SFU 
expansion joints or Mason Type FFL stainless hoses if Type SFDEJ or SFU is not 
suitable for the service. 


B. Riser isolation: Risers that experience excessive thermal expansion shall be 
suspended from Mason Type 30N spring hangers or supported by Mason Type 
SLF(H) spring mountings, anchored with Mason Type ADA(H) anchors, and guided 
with Mason Type VSG(H) sliding guides. Horizontal pipe runs and branches shall be 
supported on Mason Type 30N spring hangers for the first three supports from the 
risers.  Steel springs shall be selected to provide a minimum of 0.75"static deflection 
except in those expansion locations where additional deflection is required to limit 
load changes to + 25% of the initial load.  Submittals must include riser diagrams 
and calculations showing anticipated expansion and contraction at each support 
point, initial and final loads on the building structure, spring deflection changes and 
seismic loads.  Submittal data shall include certification that the riser system has 
been examined for excessive stresses and that none will exist in the proposed 
design.   


3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 


A. Install flexible connections in piping where they cross seismic joints, where adjacent 
sections or branches are supported by different structural elements, and where the 
connections terminate with connection to equipment that is anchored to a different 
structural element from the one supporting the connections as they approach 
equipment. 


3.7 ADJUSTING 


A. Adjust isolators after piping system is at operating weight. 


B. Adjust limit stops on restrained spring isolators to mount equipment at normal 
operating height.  After equipment installation is complete, adjust limit stops so they 
are out of contact during normal operation. 


C. Adjust air-spring leveling mechanism. 


D. Adjust active height of spring isolators. 


E. Adjust restraints to permit free movement of equipment within normal mode of 
operation. 


3.8 AIR MOUNTING SYSTEM DEMONSTRATION 


A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain air-mounting systems.  Refer to Division 
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01 Section "Demonstration and Training." 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SUMMARY

		A. All mechanical equipment, piping and ductwork as noted on the equipment schedule or in the specification shall be mounted on vibration isolators to prevent the transmission of vibration and mechanically transmitted sound to the building structure.

		B. Vibration isolators shall be selected in accordance with the weight distribution so as to produce reasonably uniform deflections.

		C. All mechanical equipment, piping and ductwork as noted on the equipment schedule, in the specification or as required by code shall be designed to resist seismic forces.  Refer to Section 230549 Seismic Restraint for Piping, Ductwork and Equipment

		D. This Section includes the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230549:  Seismic Restraint for Piping, Ductwork and Equipment



		1.4 DEFINITIONS

		A. AHJ: Authority Having Jurisdiction

		B. IBC:  International Building Code with State Amendments.

		C. ICC-ES:  ICC-Evaluation Service.

		D. OSHPD:  Office of Statewide Health Planning and Development for the State of California. Nationally recognized state enforcement agency for certifying and seismic restraint systems.



		1.5 CODES AND STANDARDS

		A. Provide components conforming to the load requirements of the latest addition of the local building code and the following:



		1.6 PERFORMANCE REQUIREMENTS

		A. Seismic-Restraint Loading:

		B. Component Importance Factor:



		1.7 QUALITY ASSURANCE

		A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

		B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more stringent.

		C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."

		D. Building Structural Limits: The design of supports and restraints shall not exceed the building structure allowable point loads.  Coordinate all work with the registered professional Structural Engineer.



		1.8 SUBMITTALS

		A. Product Data shall include the following:

		B. Shop Drawings:

		C. Delegated-Design Submittal:  For vibration isolation and seismic-restraint details indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

		D. Coordination Drawings:  Show coordination and plan locations of seismic bracing for HVAC piping, ductwork, and equipment with other systems and equipment in the vicinity, including other supports and seismic restraints.

		E. Qualification Data:  Devices shall be selected to meet seismic and support requirements by a registered professional Structural Engineer.

		A. Air-Mounting System Performance Certification:  Include natural frequency, load, and damping test data performed by an independent test agency.

		F. Operation and Maintenance Data:  For air-mounting systems to include in operation and maintenance manuals.





		PART 2 - PRODUCTS

		2.1 GENERAL REQUIREMENTS AND APPLICATION

		A. Factory Finishes:

		B. Glumac Device Key Schedule:  Part 3 of this Section schedules the application of devices described in Part 2 for use with mechanical equipment found on this project.  The tag designation of preferred devices is as follows:



		2.2 VIBRATION ISOLATORS

		A. Basis-of-Design Product:  Subject to compliance with requirements, provide a product by one of the following:

		B. P-1 Style:  Neoprene pads shall consist of a 3/4" (19 mm) thick neoprene pad molded in square waffle modules, a minimum 1/4” (6 mm) thick steel load distribution plate and 3/4” ( 19 mm) hole with a neoprene anchor bolt bushing with a flat washer face.  Pads may be single or multiple layers as required for leveling.  Pads shall be Mason #MBSW Series or equal.

		C. P-2 Style:  Bridge�bearing neoprene mountings shall have a minimum static deflection of 0.2" (5mm) and all directional seismic capability.  The mount shall consist of a ductile iron casting containing two separated and opposing molded neoprene elements.  The elements shall prevent the central threaded sleeve and attachment bolt from contacting the casting during normal operation.  The shock absorbing neoprene materials shall be compounded to bridge�bearing specifications.  Mountings shall be Mason #BR Series or equal.

		D. P-3 Style:  All-directional seismic snubbers shall consist of interlocking steel members restrained by a one-piece molded neoprene bushing of bridge bearing neoprene.  Bushing shall be replaceable and a minimum of 1/4” (6 mm) thick.  A minimum air gap of 1/8” (3 mm) shall be incorporated in the snubber design in all directions before contact is made between the rigid and resilient surfaces.  No sharp edges such as bolt threads may come in contact with the neoprene bushing.  Snubber end caps shall be removable to allow inspection of internal clearances.  Snubber shall be Mason #Z-1225 Series or equal.

		E. P-4 Style:  All directional seismic snubbers shall consist of interlocking steel members restrained by shock absorbent rubber materials compounded to bridge bearing specifications.  Elastomeric materials shall be replaceable and a minimum of 3/4" (19 mm) thick.  Rated loadings shall not exceed 1000 psi.  Snubbers shall be manufactured with an air gap between hard and resilient material of not less than 1/8" (3 mm) nor more that 1/4" (6 mm).  Snubbers shall be installed with factory set clearances.  The capacity of the seismic snubber at 3/8" (9 mm) deflection shall be equal or greater than the load assigned to the mounting grouping controlled by the snubber multiplied by the applicable "G" force.  Submittals shall include the load deflection curves up to 1/2" (12 mm) deflection in the x, y and z planes.  Snubbers shall be Mason #Z-1011 Series or equal.

		F. S-1 Style:  Spring isolators shall be free standing and laterally stable without any housing and complete with a molded neoprene cup or 1/4" (6 mm) neoprene acoustical friction pad between the base plate and the support.  All mountings shall have leveling bolts that must be rigidly bolted to the equipment.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load.  Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  Two base plate holes for attachment to support surface.  Isolators shall be Mason #SLFH Series or equal.

		G. S-2 Style:  Restrained spring mountings shall include springs that are free standing and laterally stable and complete with a molded neoprene cup or 1/4" (6 mm) neoprene acoustical friction pad between the spring and the mounting base plate.  All spring assemblies shall have leveling bolts. Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  Mount housing shall include vertical limit stops to prevent spring extension when weight is removed.  All restraining bolts shall have large rubber grommets to provide cushioning in the vertical and horizontal directions.  A minimum clearance of 3/8” (9 m) shall be maintained around restraining bolts so as not to interfere with the spring action.  Mountings shall be Mason #SLR Series or #SLRS Series for steel/wood connections and Mason #SLREBP Series or #SLRSEBP Series or #SSLFH Series for concrete connections, or equal.

		H. S-3 Style:  Multiple bellow air springs shall be manufactured with powder coated upper and lower steel sections connected by a replaceable, flexible Nylon reinforced Neoprene element to achieve a maximum natural frequency of 3 Hz.  Burst pressure must be a minimum of three (3) times the published maximum operating pressure.  All air spring systems shall be equipped with three (3) leveling valves connected to the building control air or a supplementary air supply to maintain elevation plus or minus 1/8" (3 mm).  An air filter and water separator shall be installed before the air distribution system to the leveling valves.  Submittals shall include natural frequency, as well as load and damping tests, all as performed by an independent lab or acoustician.  Air springs shall be Mason #MT and leveling valves Mason #LV, or equal.

		I. S-4 Style:  Restrained mountings shall include multiple bellow air springs manufactured with powder coated upper and lower steel sections connected by a replaceable, flexible Nylon reinforced Neoprene element to achieve a maximum natural frequency of 3 Hz.  Burst pressure must be a minimum of three (3) times the published maximum operating pressure.  Mount housing shall include vertical limit stops to prevent spring extension when weight is removed.  All restraining bolts shall have large rubber grommets to provide cushioning in the vertical and horizontal directions.  A minimum clearance of 3/8” (9 mm) shall be maintained around restraining bolts so as not to interfere with the spring action. Mountings shall have test reports or calculations certifying the maximum allowable horizontal and vertical load ratings.  All air spring systems shall be equipped with three (3) leveling valves connected to the building control air or a supplementary air supply to maintain elevation plus or minus 1/8" (3 mm).  An air filter and water separator shall be installed before the air distribution system to the leveling valves.  Submittals shall include natural frequency, as well as load and damping tests, all as performed by an independent lab or acoustician.  Mountings shall be Mason #SLR-MT for steel connections and Mason #SLREBP for concrete connections and leveling valves Mason #LV, or equal.



		2.3 SEISMIC RESTRAINED SPRING VIBRATION ISOLATION ROOF-CURB (C-1) (HVAC UNITS 20 TON AND UNDER CAPACITY)

		A. Basis-of-Design Product:  Subject to compliance with requirements, provide a product by one of the following:

		B. C-1 Style: Curb mounted rooftop equipment shall be mounted on spring isolation curbs.  Curbs shall consist of continuous sheet metal frames above and below isolators.  Isolators shall be adjustable, free-standing and laterally stable and include a 1/4” (6 mm) acoustical neoprene cup and leveling bolt.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at the rated load with 50% additional travel to solid.  Seismic snubbers with an all directional neoprene bushing and 1/4” (6 mm) air gap shall be incorporated into each corner.  A continuous sheet metal flashing shall be attached to the upper frame and be separated from the lower frame by a neoprene weatherseal.  The sheet metal flashing shall incorporate removable cover plates for adjustment and inspection of isolators after the unit is set.  The unit must be solidly fastened to the top steel frame and the lower sheet metal curb must be attached to the roof structure.  Curb shall be Mason #ISC Series or equal.

		C. C-3 Style: Curb mounted rooftop equipment shall be mounted on vibration isolation bases that fit over the rigid roof curb and under the isolated equipment.  The extruded aluminum top member shall overlap the bottom to provide water runoff independent of the seal.  Aluminum members shall house electro-galvanized or powder coated springs selected for 0.75” (20 mm) minimum deflection.  Travel to solid shall be 1.5” (40 mm) minimum.  Spring diameters shall be no less than 0.8 of the spring height at rated load.  Wind resistance shall be provided by means of resilient snubbers in the corners with a minimum clearance of 1/4” (6 mm) so as not to interfere with the spring action except in high winds.  Manufacturer’s self adhering closed cell sponge gasketing must be used both above and below the base and a flexible EPDM duct like connection shall seal the outside perimeter.  Foam or other sliding or shear seals are unacceptable in lieu of the EPDM ductlike closure.  Submittals shall include spring deflections, spring diameters, compressed spring height and solid spring height as well as seal and wind resistance details.  Curb mounted bases shall be Mason #CMAB Series or equal.



		2.4 SEISMIC RESTRAINED SPRING VIBRATION ISOLATION ROOF-CURB (C-2) (HVAC UNITS OVER 20 TON CAPACITY)

		A. Basis-of-Design Product:  Subject to compliance with requirements, provide a product by one of the following:

		B. C-2 Style:  Curb mounted rooftop equipment shall be mounted on spring isolation curbs. The lower member shall consist of a sheet metal Z section containing adjustable and removable steel springs that support the upper floating section.  The upper frame must provide continuous support for the equipment and must be captive so as to resiliently resist wind and seismic forces.  All directional neoprene snubber bushings shall be a minimum of 1/4" (6 mm) thick. Steel springs shall be laterally stable and rest on 1/4" (6 mm) thick neoprene acoustical pads.  Hardware must be plated and the springs provided with a rust resistant finish.  The curbs waterproofing shall consist of a continuous galvanized flexible counter flashing nailed over the lower curbs waterproofing and joined at the corners by EPDM bellows.  All spring locations shall have access ports with removable waterproof covers.  Lower curbs shall have provision for 2" (50 mm) of insulation.  The roof curbs shall be built to seismically contain the rooftop unit.  The unit must be solidly fastened to the top floating rail, and the lower Z section anchored to the roof structure.  Curb shall be Mason #RSC Series or equal.



		2.5 VIBRATION ISOLATION STEEL EQUIPMENT BASES

		A. Basis-of-Design Product:  Subject to compliance with requirements provide a comparable product by one of the following:

		B. B-1 Style: Vibration isolation manufacturer shall furnish integral structural steel bases designed to prevent excessive base flexure at start up, prevent misalignment of equipment and provide attachment points for seismic restraints.  Bases shall be rectangular in shape and constructed of welded structural steel angle or channel members.  Base shall be Mason #MSL Series or equal.

		C. B-2 Style:  Vibration isolation manufacturer shall furnish integral structural steel bases designed to prevent excessive base flexure at start up, prevent misalignment of equipment and provide attachment points for seismic restraints.  Bases shall be rectangular in shape and constructed of welded wide flange structural steel main members with cross bracing located at or near each restraint location.  Where height saving brackets are required, they shall be employed in all mounting locations to maintain a 1" (25 mm) clearance below the base.  Base shall be Mason #WFSL Series or equal.

		D. B-3 Style:  Vibration isolation manufacturer shall furnish rectangular steel concrete pouring forms for floating and inertia foundations. Bases for split case pumps shall be large enough to provide for suction and discharge elbows and shall be 6”deep for pumps thru 75 HP and 10” deep for pumps 100 HP thru 250HP.  Forms shall include minimum concrete reinforcing consisting of #4 bars welded in place on 6" centers running both ways in a layer 1-1/2" above the bottom. Forms shall be furnished with steel templates to hold the anchor bolts sleeves and anchors while concrete is being poured.  Height saving brackets shall be employed in all mounting locations to maintain a 1" clearance below the base.  Base shall be Mason #BMK Series or #KSL Series or equal.



		2.6 SPRING HANGERS

		A. H-1 Style:  Spring hangers shall consist of rigid steel frames containing minimum 1-1/4” (32 mm)thick neoprene elements at the top and steel springs that are free standing and laterally stable seated in a steel washer reinforced neoprene cup at the bottom.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  The neoprene element and the cup shall have a neoprene bushing projecting through the steel box. A seismic rebound washer made of steel and surrounding neoprene shall be provided. Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod to swing through a 30 arc from side to side before contacting the rod bushing and short circuiting the spring. Hangers shall be Mason #RW30N Series or equal.



		2.7 PIPE GUIDES AND SUPPORTS

		A. G-1 Style:  All-directional acoustical pipe anchors shall consist of two sizes of steel tubing separated by a minimum 1/2" (12 mm) thick 60 durometer neoprene.  Vertical restraint shall be provided by similar material arranged to prevent vertical travel in either direction.  Allowable loads on the isolation material should not exceed 500 psi and the design shall be balanced for equal resistance in any direction.  All-directional anchors shall be Mason #ADA Series or equal.

		B. G-2 Style:  Vertical sliding pipe guides shall consist of a telescopic arrangement of two sizes of steel tubing separated by a minimum 1/2" (20 mm) thickness of 60 durometer neoprene.  The height of the guides shall be preset with a shear pin to allow vertical motion due to pipe expansion or contraction.  Shear pin shall be removable and reinsertable to allow for selection of pipe movement.  Guides shall be capable of 1-5/8" (41 mm) upwards or downwards motion, or to meet location requirements.  Pipe guides shall be Mason #VSG Series or equal.

		C. G-3 Style:  Horizontal thrust restraints shall consist of a spring element seated in a steel washer reinforced neoprene cup at the bottom, in series with a molded neoprene element.  Steel springs shall be free standing and laterally stable. Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.  The spring element shall be designed so it can be preset for thrust at the factory and adjusted in the field to allow for a maximum of 1/4" (6 mm) movement at start and stop.  The assembly shall be furnished with 1 rod and angle brackets for attachment to both the equipment and the ductwork or the equipment and the structure.  Horizontal restraints shall be attached at the centerline of thrust and symmetrical on either side of the unit.  Horizontal thrust restraints shall be Mason #WBI Series or #WBD Series or equal.



		2.8 SWAY BRACING

		A. SB-1 Style:  Seismic sway braces shall consist of galvanized steel aircraft cables or steel angles or struts.  Cables braces shall be designed to resist seismic tension loads and steel braces shall be designed to resist both tension and compression loads with a minimum safety factor of two (2).  Brace end connections shall be steel assemblies that swivel to the final installation angle.  Steel angles or struts, when required, shall be clamped to the threaded hanger rods at the seismic sway brace locations utilizing a minimum of two ductile iron clamps.  Do not mix cable and steel braces to brace the same system or equipment.  Brace assemblies and rod clamps shall have an Anchorage Preapproval "OPM" Number from OSHPD in the State of California verifying the maximum certified load ratings.  Cable brace assemblies shall be Mason #SCB Series or #SCBH Series, steel brace assemblies shall be Mason #SSB Series, #SSBS Series or #SHB Series, and rod clamps shall be Mason #SRC Series or #UCC Series or equal.



		2.9 FLEXIBLE PIPING CONNECTORS

		A. F-1 Style: Flexible spherical expansion joints for pump connections.  Shall employ peroxide cured EPDM in the covers, liners and Kevlar tire cord frictioning.  Solid steel rings shall be used within the raised face rubber ends to prevent pullout.  Flexible cable bead wire is not acceptable. Sizes 2" and larger shall have two spheres reinforced with a ring between spheres to maintain shape and complete with split ductile iron or steel flanges with hooked or similar interlocks. Sizes 16" to 24" may be single sphere.  Sizes 3/4" to 1 1/2" may have threaded bolted flange assemblies, one sphere and cable retention.  14" and smaller connectors shall be rated at 250 psi up to 190F with a uniform drop in allowable pressure to 190 psi at 250F.  16" and larger connectors are rated 180 psi at 190F and 135 psi at 250F. Safety factors to burst and flange pullout shall be a minimum of 3/1.  All joints must have permanent markings verifying a 5 minute factory test at twice the rated pressure.  Concentric reducers to the above specifications may be substituted for equal ended expansion joints.  Expansion joints shall be installed in piping gaps equal to the length of the expansion joints under pressure.  Manufacturer shall provide pre-stretching charts for expansion joints when used in conjunction with isolated equipment.  Control rods need only be used in unanchored piping locations where the manufacturer determines the installation exceeds the pressure requirement without control rods, as control rods are not desirable in seismic work.  If control rods are used, they must have 1/2" thick Neoprene washer bushings large enough in area to take the thrust at 1000 psi maximum on the washer area.  Expansion joints shall be installed on the equipment side of the shut off valves.  Submittals shall include two test reports by independent consultants showing minimum reductions of 20 DB in vibration accelerations and 10 DB in sound pressure levels at typical blade passage frequencies on this or a similar product by the same manufacturer.  All expansion joints shall be installed on the equipment side of the shut off valves. Expansion joints shall be Mason #SAFEFLEX SFDEJ Series, #SAFEFLEX SFEJ Series, #SAFEFLEX SFDCR Series or #SAFEFLEX SFU Series and Control Rods Mason #CR, or equal.

		B. F-2 Style: Flexible stainless steel hose shall have stainless steel braid and carbon steel fittings. Sizes 3" (75 mm) and larger shall be flanged.  Smaller sizes shall have male threaded nipples or copper sweat ends.  Hoses must have sufficient length, minimum 12” (300 mm) long, to accept 1/2” (12 mm) intermittent motion without failure.  Hoses shall be installed on the equipment side of the shut-off valves horizontally and parallel to the equipment shafts wherever possible.  Hoses shall be Mason #FFL Flanged Series, #CPSB Copper Sweat Series or #CSAMN Threaded Series, or equal.

		C. F-3 Style: Flexible Vee or U-bend braided hose across building or expansion joints.  Piping and equipment connections shall be protected against seismic damage by the insertion of braided flexible hose Vee assemblies rated for ±4” (100mm) seismic motion in all planes.  Should the application include ±6” (150mm) thermal movement or thermal movement alone, install the Vee so the thermal movement is axial.  Vees shall have a minimum burst pressure of four times their rated pressure.  Vees in steel lines shall have stainless hose and braid.  Copper lines, bronze hose and braid.  Guiding and anchoring shall be as recommended by the manufacturer.  60° Vees shall be Mason #VFL flanged braided steel Series, #VMN Threaded Braided Stainless Steel Series or #VCPSB Copper Sweat Series, or equal.



		2.10 FLEXIBLE DUCTWORK CONNECTORS

		A. F-4 Style: Flexible ductwork connection fabricated of fiberglass canvas with fire resistant rated neoprene and UV resistant coating.  Stainless steel metal edge banding.  Minimum 4” width: DuroDyne “Durolon” or “Neoprene”, or equal.



		2.11 BRACING DEVICES FOR EQUIPMENT, PIPING, AND DUCTWORK.

		A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

		B. General Requirements for Restraint Components:  Rated strengths, features, and applications shall be as defined in reports by an agency acceptable to authorities having jurisdiction.

		C. Snubbers:  Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and replaceable resilient isolation washers and bushings.

		D. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly made of slotted steel channels with accessories for attachment to braced component at one end and to building structure at the other end and other matching components and with corrosion-resistant coating; and rated in tension, compression, and torsion forces.

		E. Hanger Rod Stiffener:  Steel tube, steel slotted support system sleeve or reinforcing steel angle clamped to hanger rod are acceptable.

		F. Bushings for Floor-Mounted Equipment Anchorage:  Neoprene bushings designed for rigid equipment mountings, and matched to type and size of anchor bolts and studs.

		G. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment devices used.

		H. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant neoprene, with a flat washer face.

		I. Mechanical Anchor Bolts:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior applications and stainless steel for exterior applications.  Select anchor bolts with strength required for anchor and as tested according to ASTM E488.  Minimum length of eight times diameter.

		J. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless steel for exterior applications.  Select anchor bolts with strength required for anchor and as tested according to ASTM E488.





		PART 3 - EXECUTION

		3.1 LOCATION AND APPLICATION OF VIBRATION ISOLATION EQUIPMENT

		A. The following Tables provide schedules for vibration devices required for isolation of mechanical equipment provided on the project.  Refer to Part 2 above for device specifications.

		B. Air Handling Units Equipment Isolation





		HIGH PRESSURE FAN SECTIONS ((5” ESP)�

		C. Unhoused Fans, Built-up Systems or Cabinet Fans Equipment Isolation 



		CENTRIFUGAL FANS�

		CL I &II 60”W.D & OVER/ALL  CL III FANS�

		D. Pumps – Equipment Isolation

		E. Cooling Plant/Refrigeration Equipment Isolation

		F. Miscellaneous Equipment Isolation



		3.2 EXAMINATION

		A. Examine areas and equipment to receive vibration isolation and seismic and wind-control devices for compliance with requirements for installation tolerances and other conditions affecting performance.

		B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 APPLICATIONS

		A. Multiple Pipe Supports:  Secure pipes to trapeze member with clamps approved for application by an evaluation service or agency acceptable to authorities having jurisdiction. Indicate on Drawings, by details, schedules, or a combination of both, the locations where hanger rods for individual pipes and hanger rods for trapeze hangers require hanger rod stiffeners.

		B. Hanger Rod Stiffeners:  Install hanger rod stiffeners where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods due to seismic forces.

		C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static and seismic loads within specified loading limits.



		3.4 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION

		A. Comply with requirements in Division 07 Section "Roof Accessories" for installation of roof curbs, equipment supports, and roof penetrations.

		B. Comply with manufacturer's recommendations for selection and application of vibration isolation materials and units except as otherwise indicated.  Comply with minimum static deflections recommended by ASHRAE, of vibration isolation materials and units where not otherwise indicated.

		C. Comply with manufacturer's instructions for installation and load application to vibration control materials and units except as otherwise indicated.  Adjust to ensure that units have equal deflection, do not bottom out under loading, and are not short�circuited by other contacts or bearing points.  Remove space blocks and similar devices intended for temporary support during installation.

		D. All vibration isolators and seismic restraint systems must be installed in strict accordance with the manufacturers written instructions and all certified submittal data.

		E. Installation of vibration isolators and seismic restraints must not cause any change of position of equipment, piping or ductwork resulting in stresses or misalignment.  

		F. No rigid connections between equipment and the building structure shall be made that degrades the noise and vibration control system herein specified.

		G. Any conflicts with other trades which will result in rigid contact with equipment or piping due to inadequate space or other unforeseen conditions should be brought to the architects/engineers attention prior to installation.  Corrective work necessitated by conflicts after installation shall be at the responsible contractor’s expense.

		H. Install units between substrate and equipment as required for secure operation and to prevent displacement by normal forces, and as indicated.

		I. Adjust leveling devices as required to distribute loading uniformly onto isolators.  Shim units as required where substrate is not level.

		J. Flexible Pipe Connectors:  Install on equipment side of shutoff valves.

		K. Upon completion of vibration control work, prepare report showing measured equipment deflections for each major item of equipment as indicated.  Clean each vibration control unit, and verify that each is working freely, and that there is no dirt or debris in immediate vicinity of unit that could possibly short�circuit unit isolation.

		L. Equipment Restraints:

		M. Piping Restraints:

		N. Install cables so they do not bend across edges of adjacent equipment or building structure.

		O. Install seismic-restraint devices using methods approved by an evaluation service or agency acceptable to the authorities having jurisdiction, providing required submittals for component.

		P. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide resilient media between anchor bolts and mounting hole in concrete base.

		Q. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.

		R. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.

		S. Drilled-in Anchors:



		3.5 VIBRATION ISOLATION OF PIPING

		A. Horizontal Piping: The first three pipe supports from vibration isolated equipment must be vibration isolated.   The static deflection of the pipe support isolators must be equal to the static deflection for the isolators under the connected equipment.  Overhead piping shall suspend from Mason Type 30N spring hangers, or equal.  Floor supported piping shall rest on Mason Type SLR isolators, or equal.  Refer to contract drawings for additional vibration isolation requirements for piping.  Where piping connects to mechanical equipment install Mason Type SFDEJ or SFU expansion joints or Mason Type FFL stainless hoses if Type SFDEJ or SFU is not suitable for the service.

		B. Riser isolation: Risers that experience excessive thermal expansion shall be suspended from Mason Type 30N spring hangers or supported by Mason Type SLF(H) spring mountings, anchored with Mason Type ADA(H) anchors, and guided with Mason Type VSG(H) sliding guides. Horizontal pipe runs and branches shall be supported on Mason Type 30N spring hangers for the first three supports from the risers.  Steel springs shall be selected to provide a minimum of 0.75"static deflection except in those expansion locations where additional deflection is required to limit load changes to + 25% of the initial load.  Submittals must include riser diagrams and calculations showing anticipated expansion and contraction at each support point, initial and final loads on the building structure, spring deflection changes and seismic loads.  Submittal data shall include certification that the riser system has been examined for excessive stresses and that none will exist in the proposed design.  



		3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

		A. Install flexible connections in piping where they cross seismic joints, where adjacent sections or branches are supported by different structural elements, and where the connections terminate with connection to equipment that is anchored to a different structural element from the one supporting the connections as they approach equipment.



		3.7 ADJUSTING

		A. Adjust isolators after piping system is at operating weight.

		B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  After equipment installation is complete, adjust limit stops so they are out of contact during normal operation.

		C. Adjust air-spring leveling mechanism.

		D. Adjust active height of spring isolators.

		E. Adjust restraints to permit free movement of equipment within normal mode of operation.



		3.8 AIR MOUNTING SYSTEM DEMONSTRATION

		A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain air-mounting systems.  Refer to Division 01 Section "Demonstration and Training."
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SUMMARY 


A. This Section includes the following: 
1. Seismic restraint and support of piping, ductwork and mechanical equipment 


as required by code and as designed by project registered professional 
Structural Engineer. 


2. Mechanical component supports and the means by which that are attached 
to the mechanical component shall be designed for the forces and 
displacements determined in ASCE 7-10 Section 13.3.1 and 13.3.2.  Such 
supports include structural members, braces, frames, skirts, legs, saddles, 
pedestals, cables, guys, stays, snubbers, and tethers, as well as elements 
forged or cast as a part of the mechanical component. 


1.3 DEFINITIONS 


A. AHJ:  Authority Having Jurisdiction 


B. IBC:  International Building Code with AHJ Amendments. 


C. ICC-ES:  ICC-Evaluation Service. 


D. Mechanical Components: Examples of attachments and supports for a variety of 
mechanical components are shown as follows:  
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E. Mechanical Supports: Those members, assemblies of members, or manufactured 
elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, 
and associated fasteners that transmit loads between nonstructural components and 
their attachments to the structure. 


F. Mechanical Attachments: Means by which components or supports of nonstructural 
components are secured or connected to the seismic force-resisting system of the 
structure.  Such attachments include anchor bolts, welded connections, and 
mechanical fasteners. 


1.4 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230548:  Vibration Isolation for Piping, Ductwork and Equipment 


1.5 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products.  Units shall not be fabricated 
by the Contractor. 


B. Structural Performance: Restraint devices and systems shall withstand the effects of 
locally defined gravity loads, seismic loads, dead loads, live loads, winds loads and 
stresses within limits and under conditions indicated according to the Building Code 
and ASCE 7.  Coordinate all support structures and restraint systems with project 
registered professional Structural Engineer. 
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C. Codes and Standards:  Provide components conforming to the seismic load 
requirements of the latest addition of the local building code and the following: 
1. International Building Code with State Amendments: 


a. Section 1613: Standard Occupancies 
2. American Society of Civil Engineers (ASCE): 


a. ASCE 7-10 - Minimum Design Loads for Buildings and Other 
Structures 


3. Mason West Inc., Seismic Restraint Guidelines 
a. OPM-0043-13 for all suspended piping, suspended ductwork and 


suspended electrical raceways. 


1.6 PERFORMANCE REQUIREMENTS 


A. Component Importance Factor: 
1. Ip=1.0: Standard Occupancies and components associated with Risk 


Category I, II, and III, including offices and schools. 


1.7 SUBMITTALS 


A. Product Data: 
1. Include rated load, rated deflection, and overload capacity for each device or 


system. 
2. Illustrate and indicate style, material, strength, fastening provision, and finish 


for each type and size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report 


numbers and rated strength in tension and shear as evaluated by an 
evaluation service or agency acceptable to authorities having 
jurisdiction. 


b. Annotate to indicate application of each product submitted and 
compliance with requirements. 


Submit seismic brace product details from the Mason West Seismic 
Restraint of Suspended Distribution Systems where products from the 
Mason West Seismic Restraint of Suspended Distribution Systems cannot 
be used, special details must be submitted for approval. 


B. Seismic Restraint Calculations 
1. Where additional information is required: 


a. Seismic restraint calculations must be provided for all connections to 
the structure. 


b. Calculations must be stamped by a registered professional 
Structural Engineer. 


1.8 ENGINEERED PIPING SYSTEMS 


A. Where the piping system design indicated on the plans utilizes Mason Industries, Inc. 
- Mason West, Inc. seismic restraint components, vibration isolators, guides, 
anchors, expansion compensators and flexible connectors the following 
requirements apply: 
1. Mason Industries, Inc. - Mason West, Inc. products must be installed as 


shown. 
2. If product substitutions or design changes are made the contractor must 


provide certified design of the piping system and meet the following 
conditions: 
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a. Certification must be provided by a registered professional Structural 
Engineer. 


b. Certification shall include a statement that all systems have been 
checked for loads and stresses and that no excessive loads or 
stresses exist. 


c. Forces on all anchors, guides, supports, and restraints must not 
exceed those shown in the original design unless the structure is 
checked for the larger loads at no cost to the owner. 


B. Where the piping system design is not indicated on the drawings the design is 
delegated to the contractor with the following requirements for piping certification and 
analysis: 
1. The supports, anchors, guides and seismic braces for systems with 


significant thermal motion including steam, condensate, high temperature 
hot water and heating hot water systems must be designed for combined 
gravity, seismic, pressure and thermal loads. 


2. Small diameter pipes (2” diameter and smaller) may not require analysis as 
determined by the project registered professional Structural Engineer. 


3. The results of the analysis shall include reactions at restraints and anchors, 
maximum pipe displacements and a code compliant report indicating 
maximum pipe stresses. 


4. Where required, seismic restraint components, vibration isolators, guides, 
anchors, expansion compensators and flexible connectors manufactured by 
Mason Industries, Inc. and Mason West, Inc. shall be incorporated into the 
design of the systems. 


5. The analysis and design must be performed by a Structural Engineer with 5 
years of experience in this field. 


1.9 MANUFACTURER AND CONTRACTOR RESPONSIBILITIES 


A. All seismic restraints shall be designed by a registered professional Structural 
Engineer. 


B. Seismic restraint layouts for piping and ductwork shall be added to the contractor’s 
shop drawings and shall include: 
1. The number, size and location of seismic braces. 
2. Maximum support loads and seismic loads at the seismic brace locations. 
3. Reference to specific details or pages from the Mason West Seismic 


Restraint of Suspended Distribution Systems OSHPD pre-approval OPM-
0043-13. 


C. Installations not addressed by the OPM approval must be designed, detailed and 
submitted along with the shop drawings. 


D. Submit seismic restraint layout drawings and special details for approval of the 
project registered professional Structural Engineer per the requirements listed in the 
Mason West Seismic Restraint of Suspended Distribution Systems OSHPD pre-
approval OPM-0043-13. 


E. Seismic restraint layout drawings shall bear the stamp and signature of the 
registered professional Structural Engineer who designed the layout of the braces. 
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1.10 LOADS ON STRUCTURE 


A. The responsibility of determining allowable loads on the structure is the sole 
responsibility of the project registered professional Structural Engineer. 


B. Maximum support loads and seismic brace loads on the structure must be less than 
the maximum allowable loads defined by the project registered professional 
Structural Engineer, as shown on the plans. 


C. Where maximum loads are not listed on the plans or the maximum allowable loads 
cannot be met, any additional support steel required to reduce support and seismic 
bracing loads on the structure shall be designed by the project registered 
professional Structural Engineer. 


D. Mechanical component supports and the means by which that are attached to the 
component shall be designed for the forces and displacements determined in ASCI 
7-10 Section 13.3.1 and 13.3.2.  Such supports include structural members, braces, 
frames, skirts, legs, saddles, pedestals, cables, guys, stays, snubbers, and tethers, 
as well as elements forged or cast as a part of the mechanical component. 


E. Mechanical supports are those members, assemblies of members, or manufactured 
elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, 
and associated fasteners that transmit loads between nonstructural components and 
their attachments to the structure. 


F. Mechanical attachments are the means by which components or supports of 
nonstructural components are secured or connected to the seismic force-resisting 
system of the structure.  Such attachments include anchor bolts, welded 
connections, and mechanical fasteners. 


PART 2 - PRODUCTS 


2.1 INTENT 


A. All seismic restraints described in this section shall be the product of a single 
manufacturer. 


B. Mason Industries products are the basis of these specifications; products of other 
manufacturers may be submitted for review provided their systems strictly comply 
with the specifications. 


2.2 SEISMIC SWAY BRACING 


A. Seismic sway braces shall consist of galvanized steel aircraft cables, steel angles or 
steel struts. 


B. Cables braces shall be designed to resist seismic tension loads and steel braces 
shall be designed to resist both tension and compression loads.  Brace end 
connections shall be steel assemblies that swivel to the final installation angle. 


C. Cable brace assemblies shall have published strength and stiffness ratings based on 
testing per FM-1950 standards. 
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D. Angle or strut bracket assemblies shall be FM Approved except as noted below. 


E. Steel angles or struts, when required, shall be clamped to the threaded hanger rods 
at the seismic sway brace locations utilizing a minimum of two ductile iron clamps. 


F. Cable brace bracket assemblies shall be Type SCB or SCBH.  Solid brace bracket 
assemblies shall be Type SSB-FM, SSBS-FM or SHB-FM.  All bracket assemblies 
shall have published strength and stiffness values based on testing per FM-1950. 


G. Rod clamps shall be Type SRC or UCC. 


H. All brace components shall be as manufactured by Mason Industries, Inc. and 
Mason West, Inc. as included in the Mason West Seismic Restraint of Suspended 
Distribution Systems  pre-approval OPM-0043-13. 


PART 3 - EXECUTION 


A. Contractor’s Statement of Responsibility:Each contractor responsible for installing a 
Designated Seismic System or any seismic resisting component must submit a 
statement of responsibility prior to the commencement of work to include 
acknowledgment of awareness of the need for special inspections contained in the 
statement of special inspections. 


B. All seismic restraint systems must be installed in strict accordance with the 
manufacturers written instructions and all certified submittal data. 


C. Installation of seismic restraints must not cause any change of position of equipment, 
piping or ductwork resulting in stresses or misalignment. 


D. No connections between the piping or ductwork and the building structure shall be 
made that degrades the seismic restraint system herein specified. 


E. Any conflicts with other trades due to inadequate space or other unforeseen 
conditions should be brought to the attention of the Owner’s Representative prior to 
installation.  Corrective work necessitated by conflicts after installation shall be at the 
responsible contractor’s expense. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SUMMARY

		A. This Section includes the following:



		1.3 DEFINITIONS

		A. AHJ:  Authority Having Jurisdiction

		B. IBC:  International Building Code with AHJ Amendments.

		C. ICC-ES:  ICC-Evaluation Service.

		D. Mechanical Components: Examples of attachments and supports for a variety of mechanical components are shown as follows: 

		E. Mechanical Supports: Those members, assemblies of members, or manufactured elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, and associated fasteners that transmit loads between nonstructural components and their attachments to the structure.

		F. Mechanical Attachments: Means by which components or supports of nonstructural components are secured or connected to the seismic force-resisting system of the structure.  Such attachments include anchor bolts, welded connections, and mechanical fasteners.



		1.4 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230548:  Vibration Isolation for Piping, Ductwork and Equipment



		1.5 QUALITY ASSURANCE

		A. Manufacturer's Qualifications:  Provide systems that are the standard product of an equipment manufacturer regularly engaged in the production of such units who issues complete catalog information on such products.  Units shall not be fabricated by the Contractor.

		B. Structural Performance: Restraint devices and systems shall withstand the effects of locally defined gravity loads, seismic loads, dead loads, live loads, winds loads and stresses within limits and under conditions indicated according to the Building Code and ASCE 7.  Coordinate all support structures and restraint systems with project registered professional Structural Engineer.

		C. Codes and Standards:  Provide components conforming to the seismic load requirements of the latest addition of the local building code and the following:



		1.6 PERFORMANCE REQUIREMENTS

		A. Component Importance Factor:



		1.7 SUBMITTALS

		A. Product Data:

		B. Seismic Restraint Calculations



		1.8 ENGINEERED PIPING SYSTEMS

		A. Where the piping system design indicated on the plans utilizes Mason Industries, Inc. - Mason West, Inc. seismic restraint components, vibration isolators, guides, anchors, expansion compensators and flexible connectors the following requirements apply:

		B. Where the piping system design is not indicated on the drawings the design is delegated to the contractor with the following requirements for piping certification and analysis:



		1.9 MANUFACTURER AND CONTRACTOR RESPONSIBILITIES

		A. All seismic restraints shall be designed by a registered professional Structural Engineer.

		B. Seismic restraint layouts for piping and ductwork shall be added to the contractor’s shop drawings and shall include:

		C. Installations not addressed by the OPM approval must be designed, detailed and submitted along with the shop drawings.

		D. Submit seismic restraint layout drawings and special details for approval of the project registered professional Structural Engineer per the requirements listed in the Mason West Seismic Restraint of Suspended Distribution Systems OSHPD pre-approval OPM-0043-13.

		E. Seismic restraint layout drawings shall bear the stamp and signature of the registered professional Structural Engineer who designed the layout of the braces.



		1.10 LOADS ON STRUCTURE

		A. The responsibility of determining allowable loads on the structure is the sole responsibility of the project registered professional Structural Engineer.

		B. Maximum support loads and seismic brace loads on the structure must be less than the maximum allowable loads defined by the project registered professional Structural Engineer, as shown on the plans.

		C. Where maximum loads are not listed on the plans or the maximum allowable loads cannot be met, any additional support steel required to reduce support and seismic bracing loads on the structure shall be designed by the project registered professional Structural Engineer.

		D. Mechanical component supports and the means by which that are attached to the component shall be designed for the forces and displacements determined in ASCI 7-10 Section 13.3.1 and 13.3.2.  Such supports include structural members, braces, frames, skirts, legs, saddles, pedestals, cables, guys, stays, snubbers, and tethers, as well as elements forged or cast as a part of the mechanical component.

		E. Mechanical supports are those members, assemblies of members, or manufactured elements, including braces, frames, legs, lugs, snubbers, hangers, saddles, or struts, and associated fasteners that transmit loads between nonstructural components and their attachments to the structure.

		F. Mechanical attachments are the means by which components or supports of nonstructural components are secured or connected to the seismic force-resisting system of the structure.  Such attachments include anchor bolts, welded connections, and mechanical fasteners.





		PART 2 - PRODUCTS

		2.1 INTENT

		A. All seismic restraints described in this section shall be the product of a single manufacturer.

		B. Mason Industries products are the basis of these specifications; products of other manufacturers may be submitted for review provided their systems strictly comply with the specifications.



		2.2 SEISMIC SWAY BRACING

		A. Seismic sway braces shall consist of galvanized steel aircraft cables, steel angles or steel struts.

		B. Cables braces shall be designed to resist seismic tension loads and steel braces shall be designed to resist both tension and compression loads.  Brace end connections shall be steel assemblies that swivel to the final installation angle.

		C. Cable brace assemblies shall have published strength and stiffness ratings based on testing per FM-1950 standards.

		D. Angle or strut bracket assemblies shall be FM Approved except as noted below.

		E. Steel angles or struts, when required, shall be clamped to the threaded hanger rods at the seismic sway brace locations utilizing a minimum of two ductile iron clamps.

		F. Cable brace bracket assemblies shall be Type SCB or SCBH.  Solid brace bracket assemblies shall be Type SSB-FM, SSBS-FM or SHB-FM.  All bracket assemblies shall have published strength and stiffness values based on testing per FM-1950.

		G. Rod clamps shall be Type SRC or UCC.

		H. All brace components shall be as manufactured by Mason Industries, Inc. and Mason West, Inc. as included in the Mason West Seismic Restraint of Suspended Distribution Systems  pre-approval OPM-0043-13.





		PART 3 - EXECUTION

		A. Contractor’s Statement of Responsibility:Each contractor responsible for installing a Designated Seismic System or any seismic resisting component must submit a statement of responsibility prior to the commencement of work to include acknowledgment of awareness of the need for special inspections contained in the statement of special inspections.

		B. All seismic restraint systems must be installed in strict accordance with the manufacturers written instructions and all certified submittal data.

		C. Installation of seismic restraints must not cause any change of position of equipment, piping or ductwork resulting in stresses or misalignment.

		D. No connections between the piping or ductwork and the building structure shall be made that degrades the seismic restraint system herein specified.

		E. Any conflicts with other trades due to inadequate space or other unforeseen conditions should be brought to the attention of the Owner’s Representative prior to installation.  Corrective work necessitated by conflicts after installation shall be at the responsible contractor’s expense.








SAN DIEGO STATE UNIVERSITY SECTION 230593 
EIS COMPLEX TESTING, ADJUSTING, AND 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC BALANCING 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 230593 - 1 McParlane & Associates, Inc. 


PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 WORK RELATED IN OTHER SECTIONS 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230900:  Building Automation System (BAS) Controls 


C. Section 233113:  Air Distribution 


D. Division 26:  Electrical. 


1.3 SUMMARY 


A. Scope:  Extent of testing, adjusting and balancing work required by this Section is 
indicated on the drawings, in schedules, and by the requirements of this Section, and 
Section 230500 -Basic Mechanical Requirements. 


B. Systems:  Testing, adjusting and balancing specified in this Section shall include, but 
not be limited to, the following systems: 
1. Air handling systems including supply, return and exhaust. 
2. Hydronic system including heating hot water, chilled water and process 


chilled water. 
3. Steam heating system. 
4. Air distribution ductwork including supply, return and exhaust. 
5. Automatic temperature control system. 
6. General exhaust systems and fume hood exhaust system. 
7. Clean room filtration system. 
8. Instruction of Owner's personnel for future balancing of systems. 


1.4 CODES AND STANDARDS 


A. The Contractor is cautioned that code requirements not explicitly detailed in these 
specifications or drawings, but which may be reasonably inferred or implied from the 
nature of the project, must be provided as part of the contract. 


B. Reference Standards 
1. ANSI/ASHRAE Standard 111 - Measurement, Testing, Adjusting and 


Balancing of Building HVAC Systems (current edition). 
2. ASHRAE - HVAC Applications Handbook: Chapter 38 - Testing, Adjusting 


and Balancing (current edition). 
3. ASHRAE 90.1 - Energy Standard for Buildings Except Low-Rise Residential 


Buildings, Chapter 6 (current edition). 
4. AABC - National Standards for Total System Balance. 
5. NEBB - Procedural Standards for Testing, Balancing and Adjusting of 
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Environmental Systems. 
6. SMACNA - HVAC Systems-Testing, Adjusting and Balancing. 
7. SMACNA - HVAC Air Duct Leakage Test Manual. 
8. Sheet Metal Industry--Testing, Adjusting, Balancing Bureau (TABB) Certified 


Technician Standards, Procedures and Specifications. 
9. American National Standards Institute (ANSI):  Comply with the following: 


a. S1.4 Specification For Sound Level Meters. 
b. S1.11 Specification For Octave-Band and Fractional-Octave-Band 


Analog and Digital Filters 
10. Building Code, with State Amendments, Chapter 9 Fire Protection Systems. 
11. Mechanical Code, with State Amendments, Chapter 4 Ventilation Air Supply. 


1.5 QUALITY ASSURANCE 


A. Contractor’s Qualifications:  A specialist certified by the National Environmental 
Balancing Bureau (NEBB) or Associated Air Balance Council (AABC) with at least 5 
years of experience in those testing, adjusting and balancing requirements similar to 
those required for this project, is not the installer of the system to be tested and is 
otherwise independent of the project.  Testing, adjusting, and balancing shall be 
performed by a certified NEBB technician or a certified AABC technician under direct 
field supervision of a Certified NEBB Supervisor or a Certified AABC Supervisor.  
Testing and balancing agency must submit qualifications for review and approval 
prior to acceptance for work. 


B. Penalty:  The Contractor shall submit the name of the organization he proposes to 
employ for approval within 30 days after contract award.  If the Contractor fails to 
submit the name of an acceptable agency within the specified time, a firm may be 
selected to accomplish the work, and this selection shall be binding upon the 
Contractor at no additional cost. 


C. Retainages:  In addition to any other sums retained or withheld pursuant to the 
provisions of this Contract, the amount of dollars will be withheld from payments to 
the contractor until such time as the work has been completed and accepted.  In no 
event will this amount be paid to the Contractor prior to 60 days following acceptance 
of the project; during such time, the Contractor shall investigate and correct any 
reported deficiencies unless such deficiencies are a result of unauthorized tampering 
by building occupants. 


D. Calibration of Testing Instruments:  All measurement instruments used for testing, 
adjusting, balancing, and commissioning shall be calibrated. The time between the 
most recent calibration data and the final test report date shall not be over 6 months. 


E. Testing and balancing agency, as part of its contract, shall act as authorized 
inspection agency responsible to Consulting Engineer and Owner, and shall list all 
items that are installed incorrectly, require correction, or have not been installed in 
accordance with contract Drawings and Specifications, pertaining to air distribution, 
cooling and heating systems.  The testing and balancing agency is required to 
provide written reports of all deficiencies and proposed recommendations to the 
Owner' Representative, Contractor, Architect and Engineer.  


F. The testing and balancing agency shall provide with his bid a performance guarantee 
covering all phases of the work as herein specified. 
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G. The General and Mechanical Contractors shall cooperate with the selected testing 
and balancing agency in the following manner: 
1. Provide sufficient time before final completion dates so that tests and 


balancing can be accomplished. 
2. The various system installers, suppliers and contractors shall provide all 


required materials, labor and tools to make corrections when required 
without undue delay.  Install balancing dampers and valves as required by 
testing and balancing agency. 


3. The contractor shall put all heating, ventilating and air conditioning systems 
and equipment into full operation and shall continue the operation of the 
same during each working day of testing and balancing. 


4. Testing and balancing agency shall be kept informed of any major changes 
made to the system during construction, and shall be provided with a 
complete set of Record Drawings. 


5. The General Contractor shall make space and other facilities available to the 
testing and balancing agency to enable their work to progress.  The General 
Contractor shall schedule the work of other trades to avoid conflicts with this 
work. 


H. All air balancing work shall be coordinated with other disciplines to comply with the 
meet or exceed the minimum requirements of the Americans with Disabilities Act 
(ADA), Building Code, local amendments and State Energy Code.  Final air 
balancing for all systems in each space shall be verified and adjusted as necessary 
to meet the following requirements during peak ventilation, partial ventilation and 
minimum ventilation modes during occupied and non-occupied hours: 
1. The required force for pushing or pulling open a door other than fire doors 


shall not exceed 5 pounds. 
2. At fire doors the required opening force shall not exceed 15 pounds. 
3. At fire doors the doors shall be set in motion when subjected to a force not 


exceeding 30 pounds. 
4. At fire doors the doors shall swing to a full open position when subjected to a 


force not exceeding 15 pounds. 
5. The force to operate door latch releases shall not exceed 5 pounds. 
6. The differential pressure between the building lobby and outside shall remain 


positive between 0.01” wg (minimum) and 0.05” wg (maximum) during 
operational hours. 


1.6 SUBMITTALS 


A. Conform to the Submittals requirements of Division 01. 


B. Forms:  The Contractor shall deliver a complete copy of either NEBB or AABC 
standard forms for testing and balancing work associated with the project.  These 
forms shall serve as specific guidelines for producing final test report.  Hybrid or non-
standards forms are not acceptable.   


C. Test Reports:  Provide six (6) certified test reports, signed by the test and balance 
supervisor who performed the work.  The final reports shall include key plans 
identifying all inlets and outlets.  Final test reports shall be typed.  Hand written 
reports are not acceptable. 


D. Maintenance Data:  Include, in maintenance manuals, copies of certified and 
approved test and balance reports and identification of instruments. 
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E. Qualifications:  The Test and Balance Agency shall submit qualifications of all 
persons responsible for supervising and performing the on-site testing and balancing 
work and the name of the certifying engineer.  Provide a reference list of five (5) 
similar size projects with contact person and telephone number. 


F. LEED: 
1. Air-Balance Report for Prerequisite EQp1: Documentation of work 


performed per ASHRAE 2.1, Section 7.2.2 - "Air Balancing”. 
2. TAB Report for Prerequisite EAc2: Documentation of work performed per 


ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balancing”. 


1.7 AGENDA 


A. Agenda:  A preliminary report and agenda shall be submitted and approved prior to 
the start of testing and balancing work. 
1. Review plans and specifications prior to installation of any of the affected 


systems, and submit a report indicating any deficiencies in the systems that 
would preclude the proper adjusting, balancing, and testing of the systems. 


2. The agenda shall include a general description of each air and water system 
with its associated equipment and operation cycles for heating and cooling. 


3. The agenda shall include a list of all air and water flows to be performed at 
all mechanical equipment. 


4. The agenda shall incorporate the proposed selection points for sound 
measurements, including typical spaces as well as sound sensitive areas 
such as conference rooms. 


5. The agenda shall also include specific test procedures and parameters for 
determining specified quantities (e.g. flow, drafts, sound levels) from the 
actual field measurements to establish compliance with contract 
requirements.  Samples of forms showing application of procedures and 
calculations to typical systems shall be submitted. 


6. Specific test procedures for measuring air quantities at terminals shall 
specify type of instrument to be used, method of instrument application (by 
sketch) and factors for: 
a. Air terminal configuration. 
b. Flow direction (supply or exhaust). 
c. Velocity corrections. 
d. Effective area applicable to each size and type of air terminal. 
e. Density corrections. 


7. The agenda shall include identification and types of measurement 
instruments to be used, and their most recent calibration date. 


1.8 JOB CONDITIONS 


A. General:  Do not proceed with testing, adjusting and balancing work until the 
following conditions have been met. 
1. Installation and start-up work on equipment or systems to be tested has 


been completed and documented. 
2. Work area scheduled for testing, adjusting and balancing is clean and free 


from debris, dirt and discarded building materials. 
3. All architectural openings (doors, windows, and other openings) which may 


affect the operation of the system to be tested shall be in their completed 
normal positions and operation. 


4. All related mechanical systems which may affect the operation of the system 
to be tested shall be at their normal operating conditions. 
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1.9 COMMISSIONING 


A. Commissioning requires the participation of Division 23 Testing, Adjusting, and 
Balancing to ensure that all systems are operating in a manner consistent with the 
construction documents and the design intent.  The general commissioning 
requirements and coordination are detailed in Division 1 and Division 23.  Contractor 
shall be familiar with all parts of Division 1 and 23 and the commissioning plan 
issued by the Commissioning Provider and shall execute all commissioning 
responsibilities assigned to them in the Contract Documents.   


B. The test and balance contractor is responsible for assisting the commissioning agent 
throughout the entire commissioning process.  This includes assistance with reading 
airflows, water flows, taking pressure measurements, temperature measurements, 
and providing any other readings requested by the commissioning agent related to 
the commissioned equipment.   


C. The test and balance work is not complete until the commissioning agent and the 
University have signed off on the commissioned systems. 


 


PART 2 - PRODUCTS 


2.1 TEST HOLES 


A. Test holes and ports shall be provided in ducts, housings and pipes as directed by 
the Balancing Agency.  At each location where ducts or plenums are insulated, test 
holes shall be provided with an approved extension with plug fitting. 


2.2 PATCHING MATERIALS 


A. Material:  Seal, patch and repair ductwork, piping and equipment drilled or cut for 
testing purposes. 
1. Plastic plugs with retainers may be used to patch drilled holes in ductwork 


and housings. 
2. Insulation shall be neatly hemmed with metal or plastic edging, leaving test 


points visible for future testing. 


2.3 TEST INSTRUMENTS 


A. Test Instruments:  All instruments used for measurements shall be accurate and 
calibration histories for each instrument shall be available for examination.  Each test 
instrument shall be calibrated by an approved laboratory or by the manufacturer.  
The Owner’s Representative has the right to request instrument recalibration, or the 
use of other instruments and test methodology, where accuracy of readings is 
questionable. 


B. Additional Instruments:  Permanently installed measuring instruments, such as 
temperature and pressure gauges, shall be checked against Certified Calibrated 
instruments.  Any instrument which does not meet specification requirement shall be 
replaced or recalibrated. 


C. Cone Instruments:  The Contractor shall employ manufactured enclosure type 
cones, capable of air volume direct readings, for all diffuser/grille/register air flow 
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measurements.  The readout meters shall meet calibration requirements. 


PART 3 - EXECUTION 


3.1 PROCEDURES AND INSTRUMENTS, GENERAL 


A. Requirements:  All systems and components thereof shall be adjusted to perform as 
required by approved project drawings and specifications. 


B. Test Duration:  Operating tests of heating and cooling coils, fans, and other 
equipment shall be of not less than four hours duration after stabilized operating 
conditions have been established.  Capacities shall be based on temperatures and 
air and water quantities measured during such tests. 


C. Instrumentation:  Method of application of instrumentation shall be in accordance 
with the approved agenda. 
1. All instruments shall be applied in accordance with the manufacturer's 


certified instructions. 
2. All labor, instruments, and appliances required shall be furnished by the 


Contractor.  Permanently installed instruments used for the tests (e.g., flow 
meters and Btu meters) shall not be installed until the entire system has 
been cleaned and ready for operation. 


3.2 DUCT SMOKE DETECTORS 


A. Duct smoke detectors shall be provided and located as required by these 
specifications and drawings and as required by the building codes and the following: 
1. Obtain information from the Contractor who is to furnish the smoke detectors 


on the proper device placement and installation limitations and on the proper 
differential pressure across the sampling tubes of the duct detectors and for 
required air velocity range requirements. 


2. Installing Contractor shall review the manufacturer's installation guidelines 
for proper mounting locations. 


3. The testing and balancing agency shall be engaged to confirm that proposed 
mounting locations will not be adversely impacted by airflows. 


B. Duct smoke detectors shall be tested in collaboration with the installing Contractor 
and project Fire Alarm Contractor to ensure proper air flow sampling and differential 
pressure. 


3.3 AIR SYSTEM PROCEDURES 


A. Adjustments:  Adjust all air handling systems to provide design air quantity to or 
through, each component, and to maintain stable and comfortable interior 
temperatures, free of drafts or stagnant air conditions. 


B. Equalizers:  Equalizing devices shall be adjusted to provide uniform velocity across 
the inlets (duct side for supply) of terminals prior to measuring flow rates. 


C. Balance:  Flow adjusting (volume control) devices shall be used to balance air 
quantities (i.e., proportion flow between various terminals comprising system) to the 
extent that their adjustments do not create objectionable air motion or sound (i.e., in 
excess of specified limits). 
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1. Balancing between runs (submains, branch mains, and branches) generally 
shall be accomplished by flow regulating devices at, or in, the divided-flow 
fitting. 


2. Restriction imposed by flow regulating devices in or at terminals shall be 
minimal. 


3. Final measurements of air quality shall be made after the air terminal has 
been adjusted to provide the optimum air pattern of diffusion and as 
indicated on the air distribution drawings. 


D. Fan Adjustment:  Total air system quantities, generally, shall be varied by adjustment 
of fan speeds or axial-flow fan wheel blade pitch.  Damper restriction of a system's 
total flow may be used only for systems with direct-connected fans (without 
adjustable pitch blades), provided system pressure is less than 0.5” w.g. and sound 
level criteria are met. 


E. Air Measurement:  Where air quantity measuring devices are specified in other 
sections such systems shall be used as a cross-check of portable measuring 
equipment. 
1. Except as specifically indicated herein, pitot tube traverses shall be made of 


each duct to measure air flow therein.  Pitot tubes, associated instruments, 
traverses, and techniques shall conform to the ASHRAE "Handbook 
Fundamentals Inch Pound Edition." 


2. For ducts serving modular office areas with movable partitions, which are 
subject to change, pitot tube traverses may be omitted provided the duct 
serves only a single room or space and its design volume is less than 2000 
cfm.  In lieu of pitot tube traverses, airflow in the duct shall be determined by 
totaling volume of individual terminals served, measured as described 
herein. 


3. Where duct's design velocity and air quantity are both less than 1000 
(fpm/cfm), air quantity may be determined by measurements at terminals 
served. 


F. Test Holes:  Test holes shall be in a straight duct, as far as possible downstream 
from elbows, bends, take-offs, and other turbulence generating devices, to optimize 
reliability of flow measurements. 


G. Air Terminal Balancing:  Generally, measurement of flow rates by means of velocity 
meters applied to individual terminals, with or without cones or other adapters, shall 
be used only for balancing.  Measurement of air quantities at each type of air 
terminal (inlet and outlet) shall be determined by the method approved for the 
balancing agenda.  Laboratory tests shall be conducted to prove accuracy of testing 
methodology and test data when so directed.  Such tests shall be conducted in 
conformance with applicable ASHRAE or American Society of Mechanical Engineers 
(ASME) codes and shall be performed at no additional cost to Owner. 


H. Air Motion:  Air motion and distribution shall be as specified and indicated on 
drawings.  The Contractor, at no additional cost to the Owner shall, in addition to air 
motion and direct measurements, perform smoke tests as requested to demonstrate 
the air distribution and pattern from air terminals and outlets. 


I.H. Air system test and balance procedures shall include, but not be limited to the 
following requirements: 
1. Test and adjust blower RPM to design requirements. 
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2. Test and record motor full load amperes. 
3. Make pitot tube traverse of main supply ducts and obtain design CFM at 


fans. 
4. Test and record system static pressures, suction pressure directly at system 


fan inlet, and outlet pressure directly at system fan outlet or discharge.  Test 
and record static pressure across each component of air handling system 
(coils, filters, etc.). 


5. Test and adjust system for design CFM recirculated air. 
6. Test and adjust system for design CFM outside air. 
7. Test and record entering air temperatures. 
8. Test and record leaving air temperatures. 
9. Adjust all supply, return and exhaust air ducts to proper design CFM. 
10. Adjust all zones to proper design CFM, supply and return. 
11. Test and adjust duct systems and each diffuser, grille, and/or register to 


within 10% of design requirements. 
12. Each grille, diffuser and register shall be identified as to location and area. 
13. Operate each variable frequency drive (VFD) and verify controls installation 


is complete. 
14. Size, type and manufacturer of VAV boxes, diffusers, grilles, registers and all 


tested equipment shall be identified and listed.  Manufacturer's ratings on all 
equipment shall be used to make required calculations. 


15. Readings and tests of diffusers, grilles and registers shall include required 
FPM velocity and test resultant velocity, required CFM and test resultant 
CFM after adjustment. 


16. In cooperation with the control manufacturer's representative, setting 
adjustments of automatically operated dampers to operate as specified, 
indicated, and/or noted.  Testing agency shall check all controls requiring 
adjustment by control installers.  Room thermostats shall be checked for 
cooling and heating response. 


17. All diffusers, grilles and registers shall be adjusted to minimize drafts in all 
areas. 


18. Adjust overall system balances to allow all self-closing doors to close from 
any open position.  Maximum relative air pressure in all operational modes 
shall not exceed 0.04" relative to the outside air pressure or adjacent rooms, 
or as require to comply with chapter 11 of the Building Code to assure that 
doors will release with a maximum force of 5 pounds. 


19. As part of the work of this contract, the HVAC contractor shall make any 
changes in the pulleys, belts and dampers or the addition of dampers 
required for correct balance as recommended by air balance agency, at no 
additional cost to Owner. 


20. After air balancing is completed and RPM determined, HVAC Contractor 
shall provide fixed pitch pulleys. 


21. All mixing boxes, VAV air valves, control dampers, smoke dampers and 
similar devices which operate at 100% shut off shall be tested for leakage. 


22. Variable Air Volume Fan Systems:  The primary balancing mode is 100% 
outside air with all terminal boxes on a full call for cooling.  Also check and 
record performance at minimum outside air with all terminal boxes on call for 
full cooling and at minimum outside air with all terminal boxes on call for full 
heating and at minimum outside air in the deadband range with no call for 
heating or cooling.  Verify that the systems are operating on a stable part of 
the fan curves in each mode.  Record final duct static controller settings 


3.4 AIR SYSTEM DATA 
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A. Report:  The certified report shall include for each air handling system the data listed 
below. 
1. Equipment (Fan or Factory Fabricated Station Unit): 


a. Installation data 
1) Manufacturer and model 
2) Size 
3) Arrangement, discharge and class 
4) Motor hp, voltage, phase, cycles, and full load amps 
5) Location and local identification data 


b. Design data 
1) Data listed in schedules on drawings and specifications. 


c. Fan recorded (test) data 
1) cfm 
2) static pressure (suction and discharge, across each coil and 


filter set) 
3) rpm 
4) motor operating amps 
5) motor operating bhp 


2. Duct Systems: 
a. Duct air quantities (maximum and minimum) - main, submains, 


branches, outdoor (outside) air, total air, and exhaust: 
1) duct size(s) 
2) number of pitot tube (pressure measurements) 
3) sum of velocity measurements (Note:  Do not add pressure 


measurements) 
4) average velocity 
5) recorded (test) cfm 
6) design cfm 


b. Individual air terminals 
1) terminal identification supply or exhaust, location and 


number designation 
2) type size, manufacturer and catalog identification applicable 


factor for application, velocity, area, etc., and designated 
area 


3) design and recorded velocities - fpm (state "core," "inlet," 
etc., as applicable) 


4) design and recorded quantities - cfm (deflector vane or 
diffusion cone settings) 


3.5 DUCTWORK AIR LEAKAGE TESTING 


A. Test and balance agency shall perform active air flow testing of ductwork systems or 
sections of ductworks.  Agency shall inspect and confirm that all ductwork is sealed 
per the specification requirements prior to performing any testing.  Calculate 
maximum allowable air leakage by system based on total design air flow rate.  
Maximum allowable system leakage shall not exceed 5%.  Test a random sample of 
10% of the ductwork.  If any ductwork within the sample fails to meet the criteria than 
an additional 10% (20% total) sample must be measured.  If any ductwork within this 
second 10% sample fails than 100% of all ductwork must be tested and verified to 
have a leakage rate than does not exceed the maximum allowable limit. 
1. Maximum allowable system leakage of MRI quench vent shall not exceed 


0.0% @ 6.5 PSI.   


B. Ductwork systems to be leakage tested shall include: 
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1. Testing shall be performed at 1.5 times the peak design outlet static 
pressure from the air handling unit/fan, but not greater than the maximum 
SMACNA pressure rating of the ductwork construction classification.  
Testing is not required of flexible ductwork or ductwork downstream of VAV 
terminal units. 


2. Leakage through manufactured products, such as dampers, fire smoke 
dampers and terminal units may be excluded from the leakage calculations 
based on manufacturer stated values, at pressure, or these units may be 
temporarily sealed with painter’s tape during testing to seal any openings 
and must be removed after testing. 


3. Supply air ductwork from the outlet of the air handling unit/fan to inlet side of 
terminal units or connection to flexible ductwork. 


4. All supply, return and exhaust air ductwork located outside the building 
envelope. 


5. Return and exhaust air ductwork located in unconditioned spaces from inlet 
of the air handling unit/fan to the ductwork terminations upstream of each 
return air grille. 


6. Laboratory and fume hood exhaust air ductwork from inlet of the air handling 
unit/fan to the connection at the remote exhaust air grille or fume hood 
connection. 


7. MRI system quench vent from MRI unit connection to outdoor discharge. 


C. Ductwork installer shall prepare ductwork for pressure testing as deemed 
appropriate to maintain construction schedule.  Ductwork may be tested as total 
systems or in sections.  Sectional testing will require documentation to prove the 
totalized system leakage is within allowable range of entire system.  Ductwork inlets 
and outlets may be temporarily sealed airtight with plastic, or other means, to 
facilitate testing pressures. 


D. Testing may occur through ductwork devices such as balancing dampers, smoke fire 
dampers and coils.  Manufacturer provided air leakage allowances for such devices 
may be excluded from duct leakage measurement but must be documented in final 
report. 


E. Perform all testing utilizing a duct leakage testing system, Oriflow Duct Leakage 
Tester or equal, with calibrated fan, orifice, gauges, ductwork, pressure tips and 
tubing. 


3.6 WATER SYSTEM PROCEDURES 


A. Preparation: 
1. Open all valves to full open position.  Close coil bypass stop valves.  Set 


mixing valve to full coil flow. 
2. Remove all strainers and clean same.  Reinstall. 
3. Examine water system and determine if water has been treated and 


cleaned. 
4. Check pump rotation. 
5. Check expansion tank to determine they are not air bound and the system is 


completely full of water. 
6. Check all air vents at high points of water systems and determine that all are 


installed and operating freely. 
7. Check operation of automatic bypass valve. 
8. Operate each variable frequency drive (VFD) and verify controls installation 


is complete. 
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9. Check and set operating temperatures of all equipment at design 
requirements. 


10. Complete air balance must have been accomplished before actual water 
balance begins. 


B. Adjustment:  All heating, cooling and condensing water systems shall be adjusted to 
provide required quantity to or through each component. 


C. Metering:  Water quantities and pressures shall be measured with calibrated meters. 
1. Venturi tubes, orifices, or other metering fittings and pressure gauges shall 


be used to measure water flow rates and balance systems.  Systems shall 
be adjusted to provide the approved pressure drops through the heat 
transfer equipment (coils except room units, converters, etc.) prior to the 
capacity testing. 


2. Where flow metering fittings are not installed, in air/water type heat transfer 
equipment, flow balance shall be determined by measuring the air side 
energy differential across the heat transfer equipment.  Measurement of 
water temperature differential shall be performed with the air system, 
adjusted as described herein, in operation. 


D. Automatic Controls:  Automatic control valves shall be positioned for full flow through 
the heat transfer equipment of the system during tests. 


E. Flow:  Flow through bypass circuits at three-way valves shall be adjusted to equal 
that through the supply circuit, when the valve is in the bypass position. 


F. Distribution:  Adjustment of distribution shall be effected by means of balancing 
devices (cocks, valves, and fittings) and automatic flow control valves as provided.  
Manual service valves shall not be used for balancing. 
1. Where automatic flow control valves are utilized in lieu of Venturi tubes, only 


pressure differential need be recorded, provided that the pressure is at least 
the minimum applicable to the tag rating. 


G. Special Procedures:  Where available pump capacity (as designed) is less than total 
flow requirements of individual heat transfer units of system served, full flow may be 
simulated by the temporary restriction of flow to portions of the system; specific 
procedures shall be delineated in the agenda. 


H. Water System Test and Balance Procedure:  Perform the following tests, and 
balance each system in accordance with the following requirements: 
1. Set chilled, heating and condenser water pumps to proper gallons per 


minute delivery. 
2. Adjust chilled water flow though chiller(s). 
3. Adjust heating water flow through boiler(s). 
4. Adjust condenser water flow through cooling tower(s). 
5. Test and record entering and leaving water temperatures through chillers, 


boilers and cooling towers. 
6. Test and record water temperatures at inlet and outlet side of each terminal 


unit.  Note rise or drop of temperatures from source. 
7. Proceed to balance each terminal unit. 
8. Upon completion of flow readings and adjustments at coils, mark all settings 


and record data. 
9. After adjustments to coils are made, recheck settings at the pumps, chiller, 
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boilers, and cooling towers and readjust if required. 
10. Record and check the following items at each coil. 


a. Inlet water temperatures. 
b. Leaving water temperatures. 
c. Water pressure drop of each coil. 


11. Pump operating suction and discharge pressures and final total dynamic 
head. 


12. List all mechanical specifications of pumps. 
13. Rated and actual running amperage of pump motor. 
14. Water metering device readings. 


3.7 WATER SYSTEM DATA 


A. Report:  The certified report for reach water system shall include the data listed 
below. 
1. Pumps: 


a. Installation data 
1) manufacturer and model 
2) size 
3) type drive 
4) motor hp, voltage, phase, and full load amps 


b. Design data 
1) gpm 
2) head 
3) rpm and amps 


c. Recorded data 
1) discharge pressures (full-flow and no-flow) 
2) suction pressures (full-flow and no-flow) operating head 
3) operating gpm (from pump curves if metering is not 


provided) no-load 
4) amps 
5) full-flow amps 
6) no-flow amps 


2. Air Heating and Cooling Equipment: 
a. Design data 


1) load in Btu or MBh 
2) gpm 
3) entering and leaving water temperature 
4) entering and leaving air conditions (DB and WB) 
5) cfm 
6) water pressure drop 
7) entering steam pressure 


b. Recorded data 
1) type of equipment and identification (location or number 


designation) 
2) entering and leaving air conditions (DB and WB) 
3) entering and leaving water temperatures 
4) gpm (if metered) 
5) temperature rise or drop 
6) entering steam pressure 


3. Heat Exchangers: 
a. Installation Data 


1) manufacturer, model, and type 
2) flow rate 
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3) inlet (entering) and outlet (leaving) temperatures 
4) inlet (entering) and outlet (leaving) pressures 


b. Recorded Data 
1) flow rate 
2) entering and leaving water temperatures 
3) entering and leaving pressures 


3.8 HEAT EXCHANGER CAPACITY VERIFICATION 


A. Air coil capacities shall be verified from air side measurement data.  Capacities of 
coils shall be the difference of the energy carried by the air between the up stream 
and down stream of the coils. 


B. The measured air flow rate for the fan may be used for air coil capacity calculations 
providing no ducted bypassing of coil is occurring. 


C. Water/water heat exchanger equipment capacity shall be verified by measuring the 
flow rate and temperature differential of the water. 


D. Capacity verification shall be performed after air and water systems have been 
balanced. 


E. False load shall be applied if the upstream air or water does not meet the specified 
conditions at the time of test. 


3.9 SOUND TEST PROCEDURES – PROVIDED BY? 


A. Scope:  Tests of sound levels shall be made at each selection point as described in 
the following. 


B. Timing:  Sound level measurements shall be taken at times when the building is 
unoccupied, or when activity in surrounding areas and background noise level in 
areas tested are at a minimum and relatively free from sudden changes in noise 
levels. 
1. Measurements shall be taken with all equipment turned off, except that 


being tested. 
2. The required sound levels shall be measured at any point within a room not 


less than 6 feet from any equipment or air terminal and not closer than 3 feet 
from any floor, wall, or ceiling surface. 


C. Meters:  Sound levels shall be measured with a sound meter complying with ANSI 
S1.4.  The "A" scale shall be used to measure over all sound levels.  To determine 
the specified octave band levels, the above sound level meter, set on "C" scale, shall 
be supplemented by an octave band analyzer complying with ANSI S1.11. 


D. Equipment Components:  The "Equipment Component" of room sound equals LPt-C. 
 The "Equipment Component" of room sound (noise) levels shall be determined for 
each of eight octave bands as follows: 
1. Measure room sound pressure level "LPb" with equipment to be tested shut 


off. 
2. Measure room sound pressure level "LPt" with equipment to be tested 


turned on. 
3. Calculate LPt-LPb; if this value is less than 1, applicable test must be rerun 
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with lower background level (LPb) unless LPt is within sound pressure level 
specified for equipment. 


4. Determine "c" from the table below. 


LPt-LPb (db) c (db) 


1 7 


2 4 


3 3 


4 to 4- ½ 2 


5 to 5- ½ 1 – ½ 


6 to 7- ½ 1 


8 to 12 ½ 


over 12 0 


3.10 SOUND LEVEL DATA 


A. Report:  certified report shall record data on sound levels, taken at each selected 
location, as follows: 
1. Source of sound and location. 
2. Diagram or description of relationship of sound source to measuring 


instrument. 
3. "A" scale readings equipment being tested turned off (ambient) equipment 


being tested turned on (operating conditions). 
4. Readings at each specified octave band frequency for equipment being 


tested turned off (ambient level) and equipment being tested turned on 
(operating conditions). 


5. "Equipment Components" of sound (noise) levels with applicable 
calculations per "Sound Test Procedures". 


6. Graph showing relationship between pressure levels specified and recorded 
readings 


B. Retest:  Subsequent to any correctional construction work, such as acoustic 
corrections, measurement shall be made to verify that associated air and water 
quantities, as previously measured, have not been disrupted. 
1. Certified report shall record all sound data, and their locations, after final 


adjustments of air and water systems involves 


3.11 TOLERANCES 


A. Set HVAC system's air flow rates and water flow rates within the following 
tolerances: 
1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 


10 percent. 
2. Outside air intake: Plus 5 percent and minus 0 percent. 
3. Air Outlets and Inlets: Plus or minus 10 percent. 
4. Heating Water Flow Rate: Plus or minus 10 percent. 
5. Chilled Water Flow Rate: Plus or minus 10 percent. 
6. Process Water Flow Rate: Plus or minus 10 percent. 


3.12 CERTIFIED REPORTS 


A. Submittals:  Six (6) copies of the reports described herein, covering air and water 
system performance, air motion (fpm), and sound pressure levels, shall be submitted 
prior to final tests and inspection. 
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B. Instrument Records:  Types, serial numbers, and dates of calibration of all 
instruments shall be included. 


C. Reports:  Reports shall conspicuously identify items not conforming to contract 
requirements, or obvious malfunction and design deficiencies. 


D. Certification:  Certification shall include checking of adherence to agenda, of 
calculations, of procedures, and evaluation of final summaries. 


3.13 FINAL COMMISSIONING TESTS, INSPECTIONS AND ACCEPTANCE 


A. Scope:  Test shall be made to demonstrate that capacities and performance of air 
and water systems comply with contract requirements. 
1. At the time of final inspection, the Contractor shall recheck, random 


selection of data (water and air quantities, air motion, and sound levels) 
recorded in the certified report.  In addition, all courtrooms, auditoriums, and 
conference rooms shall be rechecked. 


2. Points and areas for recheck shall be selected by the commissioning team. 
3. Measurement and test procedures shall be the same as approved for work 


forming basis of certified report. 
4. Selections for recheck (specific plus random), in general, will not exceed 25 


percent of the total number tabulated in the report, except that special air 
systems may require a complete recheck for safety reasons. 


B. Retests:  If random tests elicit a measured flow deviation of 10 percent or more from, 
or a sound level greater than 2 db or more than recorded in the certified report 
listings, as 10 percent or more of the rechecked selections, the report shall be 
automatically rejected.  In the event the report is rejected, all systems shall be 
readjusted and tested, new data recorded, new certified reports submitted, and new 
inspection tests made, all at no additional cost.  Retainage time shall be based on 
the date of the final acceptance of the certified report. 


C. Marking of Settings:  Following final acceptance of certified reports, the settings of all 
valves, splitters, dampers, and other adjustment devices shall be permanently 
marked by the Contractor so that adjustment can be restored if disturbed at any time. 
 Devices shall not be marked until after final acceptance. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS
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		1.3 SUMMARY

		A. Scope:  Extent of testing, adjusting and balancing work required by this Section is indicated on the drawings, in schedules, and by the requirements of this Section, and Section 230500 -Basic Mechanical Requirements.

		B. Systems:  Testing, adjusting and balancing specified in this Section shall include, but not be limited to, the following systems:



		1.4 CODES AND STANDARDS

		A. The Contractor is cautioned that code requirements not explicitly detailed in these specifications or drawings, but which may be reasonably inferred or implied from the nature of the project, must be provided as part of the contract.

		B. Reference Standards



		1.5 QUALITY ASSURANCE

		A. Contractor’s Qualifications:  A specialist certified by the National Environmental Balancing Bureau (NEBB) or Associated Air Balance Council (AABC) with at least 5 years of experience in those testing, adjusting and balancing requirements similar to those required for this project, is not the installer of the system to be tested and is otherwise independent of the project.  Testing, adjusting, and balancing shall be performed by a certified NEBB technician or a certified AABC technician under direct field supervision of a Certified NEBB Supervisor or a Certified AABC Supervisor.  Testing and balancing agency must submit qualifications for review and approval prior to acceptance for work.

		B. Penalty:  The Contractor shall submit the name of the organization he proposes to employ for approval within 30 days after contract award.  If the Contractor fails to submit the name of an acceptable agency within the specified time, a firm may be selected to accomplish the work, and this selection shall be binding upon the Contractor at no additional cost.

		C. Retainages:  In addition to any other sums retained or withheld pursuant to the provisions of this Contract, the amount of dollars will be withheld from payments to the contractor until such time as the work has been completed and accepted.  In no event will this amount be paid to the Contractor prior to 60 days following acceptance of the project; during such time, the Contractor shall investigate and correct any reported deficiencies unless such deficiencies are a result of unauthorized tampering by building occupants.

		D. Calibration of Testing Instruments:  All measurement instruments used for testing, adjusting, balancing, and commissioning shall be calibrated. The time between the most recent calibration data and the final test report date shall not be over 6 months.

		E. Testing and balancing agency, as part of its contract, shall act as authorized inspection agency responsible to Consulting Engineer and Owner, and shall list all items that are installed incorrectly, require correction, or have not been installed in accordance with contract Drawings and Specifications, pertaining to air distribution, cooling and heating systems.  The testing and balancing agency is required to provide written reports of all deficiencies and proposed recommendations to the Owner' Representative, Contractor, Architect and Engineer. 

		F. The testing and balancing agency shall provide with his bid a performance guarantee covering all phases of the work as herein specified.

		G. The General and Mechanical Contractors shall cooperate with the selected testing and balancing agency in the following manner:

		H. All air balancing work shall be coordinated with other disciplines to comply with the meet or exceed the minimum requirements of the Americans with Disabilities Act (ADA), Building Code, local amendments and State Energy Code.  Final air balancing for all systems in each space shall be verified and adjusted as necessary to meet the following requirements during peak ventilation, partial ventilation and minimum ventilation modes during occupied and non-occupied hours:



		1.6 SUBMITTALS

		A. Conform to the Submittals requirements of Division 01.

		B. Forms:  The Contractor shall deliver a complete copy of either NEBB or AABC standard forms for testing and balancing work associated with the project.  These forms shall serve as specific guidelines for producing final test report.  Hybrid or non-standards forms are not acceptable.  

		C. Test Reports:  Provide six (6) certified test reports, signed by the test and balance supervisor who performed the work.  The final reports shall include key plans identifying all inlets and outlets.  Final test reports shall be typed.  Hand written reports are not acceptable.

		D. Maintenance Data:  Include, in maintenance manuals, copies of certified and approved test and balance reports and identification of instruments.

		E. Qualifications:  The Test and Balance Agency shall submit qualifications of all persons responsible for supervising and performing the on-site testing and balancing work and the name of the certifying engineer.  Provide a reference list of five (5) similar size projects with contact person and telephone number.

		F. LEED:



		1.7 AGENDA

		A. Agenda:  A preliminary report and agenda shall be submitted and approved prior to the start of testing and balancing work.



		1.8 JOB CONDITIONS

		A. General:  Do not proceed with testing, adjusting and balancing work until the following conditions have been met.



		1.9 COMMISSIONING

		A. Commissioning requires the participation of Division 23 Testing, Adjusting, and Balancing to ensure that all systems are operating in a manner consistent with the construction documents and the design intent.  The general commissioning requirements and coordination are detailed in Division 1 and Division 23.  Contractor shall be familiar with all parts of Division 1 and 23 and the commissioning plan issued by the Commissioning Provider and shall execute all commissioning responsibilities assigned to them in the Contract Documents.  

		B. The test and balance contractor is responsible for assisting the commissioning agent throughout the entire commissioning process.  This includes assistance with reading airflows, water flows, taking pressure measurements, temperature measurements, and providing any other readings requested by the commissioning agent related to the commissioned equipment.  

		C. The test and balance work is not complete until the commissioning agent and the University have signed off on the commissioned systems.





		PART 2 - PRODUCTS

		2.1 TEST HOLES

		A. Test holes and ports shall be provided in ducts, housings and pipes as directed by the Balancing Agency.  At each location where ducts or plenums are insulated, test holes shall be provided with an approved extension with plug fitting.



		2.2 PATCHING MATERIALS

		A. Material:  Seal, patch and repair ductwork, piping and equipment drilled or cut for testing purposes.



		2.3 TEST INSTRUMENTS

		A. Test Instruments:  All instruments used for measurements shall be accurate and calibration histories for each instrument shall be available for examination.  Each test instrument shall be calibrated by an approved laboratory or by the manufacturer.  The Owner’s Representative has the right to request instrument recalibration, or the use of other instruments and test methodology, where accuracy of readings is questionable.

		B. Additional Instruments:  Permanently installed measuring instruments, such as temperature and pressure gauges, shall be checked against Certified Calibrated instruments.  Any instrument which does not meet specification requirement shall be replaced or recalibrated.

		C. Cone Instruments:  The Contractor shall employ manufactured enclosure type cones, capable of air volume direct readings, for all diffuser/grille/register air flow measurements.  The readout meters shall meet calibration requirements.





		PART 3 - EXECUTION

		3.1 PROCEDURES AND INSTRUMENTS, GENERAL

		A. Requirements:  All systems and components thereof shall be adjusted to perform as required by approved project drawings and specifications.

		B. Test Duration:  Operating tests of heating and cooling coils, fans, and other equipment shall be of not less than four hours duration after stabilized operating conditions have been established.  Capacities shall be based on temperatures and air and water quantities measured during such tests.

		C. Instrumentation:  Method of application of instrumentation shall be in accordance with the approved agenda.



		3.2 DUCT SMOKE DETECTORS

		A. Duct smoke detectors shall be provided and located as required by these specifications and drawings and as required by the building codes and the following:

		B. Duct smoke detectors shall be tested in collaboration with the installing Contractor and project Fire Alarm Contractor to ensure proper air flow sampling and differential pressure.



		3.3 AIR SYSTEM PROCEDURES

		A. Adjustments:  Adjust all air handling systems to provide design air quantity to or through, each component, and to maintain stable and comfortable interior temperatures, free of drafts or stagnant air conditions.

		B. Equalizers:  Equalizing devices shall be adjusted to provide uniform velocity across the inlets (duct side for supply) of terminals prior to measuring flow rates.

		C. Balance:  Flow adjusting (volume control) devices shall be used to balance air quantities (i.e., proportion flow between various terminals comprising system) to the extent that their adjustments do not create objectionable air motion or sound (i.e., in excess of specified limits).

		D. Fan Adjustment:  Total air system quantities, generally, shall be varied by adjustment of fan speeds or axial-flow fan wheel blade pitch.  Damper restriction of a system's total flow may be used only for systems with direct-connected fans (without adjustable pitch blades), provided system pressure is less than 0.5” w.g. and sound level criteria are met.

		E. Air Measurement:  Where air quantity measuring devices are specified in other sections such systems shall be used as a cross-check of portable measuring equipment.

		F. Test Holes:  Test holes shall be in a straight duct, as far as possible downstream from elbows, bends, take-offs, and other turbulence generating devices, to optimize reliability of flow measurements.

		G. Air Terminal Balancing:  Generally, measurement of flow rates by means of velocity meters applied to individual terminals, with or without cones or other adapters, shall be used only for balancing.  Measurement of air quantities at each type of air terminal (inlet and outlet) shall be determined by the method approved for the balancing agenda.  Laboratory tests shall be conducted to prove accuracy of testing methodology and test data when so directed.  Such tests shall be conducted in conformance with applicable ASHRAE or American Society of Mechanical Engineers (ASME) codes and shall be performed at no additional cost to Owner.

		A. Air Motion:  Air motion and distribution shall be as specified and indicated on drawings.  The Contractor, at no additional cost to the Owner shall, in addition to air motion and direct measurements, perform smoke tests as requested to demonstrate the air distribution and pattern from air terminals and outlets.

		H. Air system test and balance procedures shall include, but not be limited to the following requirements:



		3.4 AIR SYSTEM DATA

		A. Report:  The certified report shall include for each air handling system the data listed below.



		3.5 DUCTWORK AIR LEAKAGE TESTING

		A. Test and balance agency shall perform active air flow testing of ductwork systems or sections of ductworks.  Agency shall inspect and confirm that all ductwork is sealed per the specification requirements prior to performing any testing.  Calculate maximum allowable air leakage by system based on total design air flow rate.  Maximum allowable system leakage shall not exceed 5%.  Test a random sample of 10% of the ductwork.  If any ductwork within the sample fails to meet the criteria than an additional 10% (20% total) sample must be measured.  If any ductwork within this second 10% sample fails than 100% of all ductwork must be tested and verified to have a leakage rate than does not exceed the maximum allowable limit.

		B. Ductwork systems to be leakage tested shall include:

		C. Ductwork installer shall prepare ductwork for pressure testing as deemed appropriate to maintain construction schedule.  Ductwork may be tested as total systems or in sections.  Sectional testing will require documentation to prove the totalized system leakage is within allowable range of entire system.  Ductwork inlets and outlets may be temporarily sealed airtight with plastic, or other means, to facilitate testing pressures.

		D. Testing may occur through ductwork devices such as balancing dampers, smoke fire dampers and coils.  Manufacturer provided air leakage allowances for such devices may be excluded from duct leakage measurement but must be documented in final report.

		E. Perform all testing utilizing a duct leakage testing system, Oriflow Duct Leakage Tester or equal, with calibrated fan, orifice, gauges, ductwork, pressure tips and tubing.



		3.6 WATER SYSTEM PROCEDURES

		A. Preparation:

		B. Adjustment:  All heating, cooling and condensing water systems shall be adjusted to provide required quantity to or through each component.

		C. Metering:  Water quantities and pressures shall be measured with calibrated meters.

		D. Automatic Controls:  Automatic control valves shall be positioned for full flow through the heat transfer equipment of the system during tests.

		E. Flow:  Flow through bypass circuits at three-way valves shall be adjusted to equal that through the supply circuit, when the valve is in the bypass position.

		F. Distribution:  Adjustment of distribution shall be effected by means of balancing devices (cocks, valves, and fittings) and automatic flow control valves as provided.  Manual service valves shall not be used for balancing.

		G. Special Procedures:  Where available pump capacity (as designed) is less than total flow requirements of individual heat transfer units of system served, full flow may be simulated by the temporary restriction of flow to portions of the system; specific procedures shall be delineated in the agenda.

		H. Water System Test and Balance Procedure:  Perform the following tests, and balance each system in accordance with the following requirements:



		3.7 WATER SYSTEM DATA

		A. Report:  The certified report for reach water system shall include the data listed below.



		3.8 HEAT EXCHANGER CAPACITY VERIFICATION

		A. Air coil capacities shall be verified from air side measurement data.  Capacities of coils shall be the difference of the energy carried by the air between the up stream and down stream of the coils.

		B. The measured air flow rate for the fan may be used for air coil capacity calculations providing no ducted bypassing of coil is occurring.

		C. Water/water heat exchanger equipment capacity shall be verified by measuring the flow rate and temperature differential of the water.

		D. Capacity verification shall be performed after air and water systems have been balanced.

		E. False load shall be applied if the upstream air or water does not meet the specified conditions at the time of test.



		3.9 SOUND TEST PROCEDURES – PROVIDED BY?

		A. Scope:  Tests of sound levels shall be made at each selection point as described in the following.

		B. Timing:  Sound level measurements shall be taken at times when the building is unoccupied, or when activity in surrounding areas and background noise level in areas tested are at a minimum and relatively free from sudden changes in noise levels.

		C. Meters:  Sound levels shall be measured with a sound meter complying with ANSI S1.4.  The "A" scale shall be used to measure over all sound levels.  To determine the specified octave band levels, the above sound level meter, set on "C" scale, shall be supplemented by an octave band analyzer complying with ANSI S1.11.

		D. Equipment Components:  The "Equipment Component" of room sound equals LPt-C.  The "Equipment Component" of room sound (noise) levels shall be determined for each of eight octave bands as follows:



		3.10 SOUND LEVEL DATA

		A. Report:  certified report shall record data on sound levels, taken at each selected location, as follows:

		B. Retest:  Subsequent to any correctional construction work, such as acoustic corrections, measurement shall be made to verify that associated air and water quantities, as previously measured, have not been disrupted.



		3.11 TOLERANCES

		A. Set HVAC system's air flow rates and water flow rates within the following tolerances:



		3.12 CERTIFIED REPORTS

		A. Submittals:  Six (6) copies of the reports described herein, covering air and water system performance, air motion (fpm), and sound pressure levels, shall be submitted prior to final tests and inspection.

		B. Instrument Records:  Types, serial numbers, and dates of calibration of all instruments shall be included.

		C. Reports:  Reports shall conspicuously identify items not conforming to contract requirements, or obvious malfunction and design deficiencies.

		D. Certification:  Certification shall include checking of adherence to agenda, of calculations, of procedures, and evaluation of final summaries.



		3.13 FINAL COMMISSIONING TESTS, INSPECTIONS AND ACCEPTANCE

		A. Scope:  Test shall be made to demonstrate that capacities and performance of air and water systems comply with contract requirements.

		B. Retests:  If random tests elicit a measured flow deviation of 10 percent or more from, or a sound level greater than 2 db or more than recorded in the certified report listings, as 10 percent or more of the rechecked selections, the report shall be automatically rejected.  In the event the report is rejected, all systems shall be readjusted and tested, new data recorded, new certified reports submitted, and new inspection tests made, all at no additional cost.  Retainage time shall be based on the date of the final acceptance of the certified report.

		C. Marking of Settings:  Following final acceptance of certified reports, the settings of all valves, splitters, dampers, and other adjustment devices shall be permanently marked by the Contractor so that adjustment can be restored if disturbed at any time.  Devices shall not be marked until after final acceptance.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall include, but not 
necessarily be limited to, providing insulation for the following: 
1. Ductwork Insulation: 


a. Duct wrap insulation. 
b. Acoustic duct lining. 
c. Rigid board ductwork and plenum insulation. 
d. Fire Rated duct insulation systems. 
e. Field applied jackets, indoor and outdoor. 


2. Section Includes insulating the following duct services: 
a. All supply air ductwork, unless otherwise shown on drawings. 
b. Return air ductwork in unconditioned spaces and as shown on 


drawings. 
c. Acoustical duct lining, in vertical/horizontal supply and return ducts 


within twenty feet (20’) of air handling equipment and where 
otherwise shown on drawings. 


d. Exhaust air ductwork in cold air plenums. 
e. Vapor/moisture ductwork. 


3. Piping Insulation: 
a. Piping insulation. 
b. Insulation Jackets 
c. Removable Covers. 


4. Section includes the following HVAC piping systems: 
a. Heating hot water supply and return piping. 
b. Chilled water supply and return piping. 
c. Condenser water supply and return piping. 
d. Steam and condensate return piping. 
e. Valves, pumps, air separators, strainers and fittings in insulated 


piping systems. 
5. HVAC equipment insulation - section includes the following HVAC 


equipment that is not factory insulated: 
a. Heat exchangers. 
b. Converters. 
c. Chilled-water pumps. 
d. Heating hot-water pumps. 
e. Steam condensate pumps. 
f. Air separators. 
g. Steam condensate tanks. 


B. Types of mechanical insulation specified in this Section include the following: 
1. Duct wrap insulation: Fiberglass. 
2. Acoustic duct liner: Fiberglass. 
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3. Fire-rated duct insulation: Fire rated blanket. 
4. Pipe insulation: Fiberglass. 
5. Pipe insulation: Flexible elastomeric closed cell foam. 
6. Equipment insulation: Fiberglass. 
7. Equipment insulation: Flexible elastomeric closed cell foam. 
8. Insulation jackets. 
9. Removable covers 
10. Insulation accessories. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Division 22:  Plumbing. 


B. Section 230500:  Basic HVAC Materials and Methods. 


C. Section 232113:  HVAC Piping, Valves and Specialties. 


1.4 DEFINITIONS 


A. Ambient: The air temperature to be maintained in a conditioned room.  Typically 


between 70°F and 78°F. 


B. Insert:  Spacer placed between the pipe support system and the piping to allow for 
the space required for insulation. 


C. Insulation Group (IG):  Definition of Insulation Materials and Operating 
Temperatures. 


D. Insulation Shield:  Buffer material placed between the pipe support system and the 
insulation to prevent the insulation material from crushing. 


E. Jacket:  Protective covering over the pipe insulation; may be factory applied such as 
“all service jacket” or field applied to provide additional protection; of such materials 
as canvas, PVC, aluminum or stainless steel. 


F. Piping Insulation:  Thermal insulation applied to prevent heat transmission to or from 
a piping system. 


G. Vapor Barrier Jacket:  Insulation jacket material that impedes the transmission of 
water vapor. 


H. Freezing Climate:  Where outdoor design temperature is less than 33
o 
F, as stated in 


ASHRAE fundamentals under 99% column for winter design conditions. 


I. Unconditioned Space: any space whose airstream is not directly conditioned by 
mechanical equipment or maintained to temperature by mechanical equipment. 


1.5 QUALITY ASSURANCE 


A. Codes and Standards:  Provide products conforming to the requirements of the 
following: 
1. American Society for Testing and Materials (ASTM):  Manufacture and test 


insulation in accordance with the ASTM Standards, including: 
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a. B209 - Specification for Aluminum and Aluminum-Alloy Sheet and 
Plate. 


b. C165 - Recommended Practice for Measuring Compressive 
Properties of Thermal Insulation. 


c. C167 - Test Methods for Thickness and Density of Blanket or Batt 
Thermal Insulations. 


d. C177 - Test Method for Steady-State Heat Flux Measurements and 
Thermal Transmission. 


e. Properties by Means of the Guarded-Hot-Plate Apparatus. 
f. C195 - Specification for Mineral Fiber Thermal Insulating Cement. 
g. C196 - Specification for Expanded or Exfoliated Vermiculite Thermal 


Insulating Cement. 
h. C302 - Test Method for Density of Preformed Pipe-Covering-Type 


Thermal Insulation. 
i. C303 - Test Method for Density of Preformed Block-Type Thermal 


Insulation. 
j. C305 - Test for Thermal Conductivity of Pipe Insulation. 
k. C356 - Test for Linear Shrinkage of Preformed High-Temperature 


Thermal Insulation. 
l. C411 - Test for Hot-Surface Performance of High Temperature 


Thermal Insulation. 
m. C423 – Standard Test Method for Sound Absorption and Sound 


Absorption Coefficients by the Reverberation Room Method. 
n. C449 - Specification of Mineral Fiber Hydraulic-Setting Thermal 


Insulating and Finishing Cement. 
o. C518 - Standard Test Method for Steady-State Thermal 


Transmission Properties by Means of the Heat Flow Meter 
Apparatus. 


p. C916 - Standard Specification for Adhesives for Duct Thermal 
Insulation. 


q. C921 - Practice for Determining Properties of Jacketing Materials for 
Thermal Insulation. 


r. C1104 - Standard Test Method for Determining the Water Vapor 
Sorption of Unfaced Mineral Fiber Insulation. 


s. C1071 - Standard Specification for Thermal and Acoustical 
Insulation. 


t. C1338 - Standard Test Method for Determining Fungi Resistance of 
Insulation Materials and Facings. 


u. E84 - Test Method for Surface Burning Characteristics of Building 
Materials. 


v. E119 - Test for Fire Resistance. 
w. G21 - Standard Practice for Determining Resistance of Synthetic 


Polymeric Materials to Fungi. 
x. G22 - Standard Practice for Determining Resistance of Synthetic 


Polymeric Materials to Bacteria. 
2. American Society of Heating, Refrigerating, and Air-Conditioning Engineers 


(ASHRAE):  Provide and install pipe and duct insulation in accordance with 
the following ASHRAE Standard: 
a. 90 - Energy Conservation in New Building Design. 


3. National Fire Protection Association (NFPA):  Manufacture insulation in 
accordance with the following NFPA standards: 
a. 90A – Standard for the Installation of Air-Conditioning and 


Ventilating Systems. 
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b. 90B – Standard for the Installation of Warm Air Heating and Air-
Conditioning Systems. 


c. 255 – Standard Method of Test of Surface Burning Characteristics 
of Building Materials. 


4. Underwriter’s Laboratories (UL):  
a. UL 723 – Test for Surface Burning Characteristics of Building 


Materials. 


B. Flame/Smoke Rating:  Provide composite mechanical insulation (insulation, jackets, 
coverings, sealers, mastics and adhesives) with flame-spread index of 25 or less, 
and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) 
Method.  In addition, the products, when tested, shall not drip flame particles, and 
flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or 
listing; or satisfactory certified test report from an approved testing laboratory to 
prove the fire hazard ratings for materials proposed for use do not exceed those 
specified.  Do not provide materials with flame proofing treatments subject to 
deterioration due to the effects of moisture or high humidity. 


C. Corrosiveness:  Provide insulation such that when tested in accordance with the 
following test, the steel plate in contact with the insulation shows no greater 
corrosion than sterile cotton in contact with a steel plate for comparison. 
1. Test Specimen:  Two specimens shall be used, each measuring 1” by 4” by 


approximately 1/2” thick. 
2. Apparatus:  Provide a humidity test chamber in which two polished-steel test 


plates, 1” wide, 4” long and 0.020” thick, shall be placed.  Plates shall be 
clear finish, cold-rolled strip steel, American quality, quarter hard, temper 
No. 3, weighing 0.85 lb/sq. ft. 


3. Procedure:  The steel test plates shall be rinsed with cp benzol until their 
surfaces are free from oil and grease and allowed to dry.  One piece of cold-
rolled steel shall be placed between the two insulation specimens and 
secured with tape or twine.  The test specimen and uncovered plate shall be 
suspended vertically in an atmosphere having a relative humidity of 95% 
(plus or minus 3%), and a temperature of 120°F (plus or minus 3°F), for 96 
hours, and then be examined for corrosion. 


D. Insulation thickness shall be the greater standard of that specified here or the State 
energy conservation requirements. 


E. Products containing the following prohibited chemicals for use as flame retardants or 
for other purposes will not be acceptable when present in quantities greater than 
0.1% by mass: 
1. Pentabrominated diphenyl ether (CAS#32534-81-9) 
2. Octabrominated diphenyl ether (CAS#32536-52-0) 
3. Decabrominated diphenyl ether (CAS#1163-19-50 


1.6 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data and installation 
instructions for each type of mechanical insulation.  Submit schedule showing 
manufacturer's product number, K-value, thickness, and furnished accessories for 
each mechanical system requiring insulation.  Also furnish necessary test data 
certified by an independent testing laboratory.  Submit samples. 
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B. Provide a statement with the submittal indicating that no product submitted contains 
an amount equal to or greater than 0.10% by mass of the following chemicals: 
1. Pentabrominated diphenyl ether (CAS#32534-81-9) 
2. Octabrominated diphenyl ether (CAS#32536-52-0) 
3. Decabrominated diphenyl ether (CAS#1163-19-50 


C. Maintenance Data:  Submit maintenance data and replacement material lists for 
each type of mechanical insulation.  Include this data and product in maintenance 
manual. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver insulation, coverings, cements, adhesives, and coating to the site in 
containers with manufacturer's stamp or label affixed showing fire hazard indexes of 
products. 


B. Store and protect insulation against dirt, water, chemical, and mechanical damage.  
Do not install damaged or wet insulation; remove from project site. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Johns Manville, Owens-Corning, Knauf, Armstrong, Pittsburgh-Corning, Trymer, IIG, 
Certainteed, Halstead, Rubatex, 3M FireMaster, Pabco, Reflectix, or approved 
equal.  Manufacturer and insulation types listed below indicate a minimum 
acceptable level of quality required for each classification. 


2.2 DUCT WRAP INSULATION: 


A. Type DW-A Flexible Fiberglass Blanket:  Johns Manville Microlite XG, 
formaldehyde-free, recycled content; Knauf ECOSE Duct Wrap; or equal: 
1. Application:  Insulation wrap for ductwork, or other HVAC systems. 


2. 'K' Value: ASTM C553-92, 0.27 Btu•in./(hr•ft²•°F) at 75°F installed full 
thickness. 


3. Density:  0.75 lb/cu ft. 
4. Vapor Barrier Jacket:  FSK (Foil-Scrim-Kraft) aluminum foil faced reinforced 


with fiberglass yarn and laminated to fire-resistant kraft. 
5. Installation:  See Part 3-Execution below. 


2.3 ACOUSTIC DUCT LINER: 


A. Type ADL-A. Fiberglass Acoustic Duct Liner:  Johns Manville Duct Liner RC with 
Anti-Microbial Acrylic Coating or equal: 
1. Application:  Duct lining for acoustic or thermal purposes. 


2. 'K' Value:  ASTM 1071, 0.23 Btu•in./(hr•ft²•°F) at 75°F. 
3. Noise Reduction Coefficient:  0.65 or higher based on "Type A mounting." 
4. Maximum Velocity on Mat or Coated Air Side:  5,000 ft/min. 
5. Adhesive:  UL listed waterproof type compliant with ASTM C916. 
6. Fasteners:  Duct liner galvanized steel pins, welded or mechanically 


fastened. 


2.4 FIRE-RATED INSULATION SYSTEMS 
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A. Type FRI-D.   Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with 
FSK jacket that is UL tested and certified to provide a 2-hour fire rating. 
1. Products: 


a. CertainTeed Corp.; FlameChek. 
b. Johns Manville; Firetemp Wrap. 
c. Nelson Firestop Products; Nelson FSB Flameshield Blanket. 
d. Thermal Ceramics; FireMaster Duct Wrap. 
e. 3M; Fire Barrier Wrap 15A. 
f. Unifrax Corporation; FyreWrap. 
g. Vesuvius; PYROSCAT FP FASTR Duct Wrap. 


2.5 FIELD APPLIED DUCTWORK INSULATION JACKETS 


A. Field Applied Jackets (For Interior Applications): 
1. All longitudinal seams shall be located on bottom of ductwork 
2. PVC Plastic:  Johns Manville Zeston 2000.  One piece molded type fitting 


covers and jacketing material, gloss white.  Connect with tacks and pressure 
sensitive color matching vinyl tape. 


2.6 PIPE INSULATIONS 


A. Glass Fiber:  Molded fibrous glass pipe insulation shall comply with the requirements 
of ASTM C 547 and meet ASTM C 585 for sizes required in the particular system. 
1. Type PI-A: Fiberglass, Non-Wicking: 


a. Manufacturers: 
1) Johns Manville Micro-Lok HP ASJ SSL jacket up to 18” or 


FSK faced Micro-Flex for pipe sizes larger than 18”. 
2) Knauf 
3) einsulation 


b. Applications:  Insulation of piping up to 3” thick insulation. 
c. 'K' Value:  0.23 at 75°F. 


d. Maximum Service Temperature:  850°F. 


e. Vapor Retarder Jacket:  ASJ SSL white kraft paper reinforced with 
glass fiber yarn and bonded to aluminum foil, secure with self 
sealing longitudinal laps and butt strips. 


B. Type PI-F: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP 
Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, 
elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181. 


1. ‘K’ Value: 0.27 at 75°F. 


2. Density:  3.0 to 6.0 lbs./cu.ft. 
3. Maximum Service Temperature: 260°F. 


4. Seal all seams and joints with contact adhesive. 


C. Field Applied Jackets (For Interior Applications): 
1. All longitudinal seams shall be located on bottom of pipes. 
2. PVC Plastic:  Johns Manville Zeston 2000.  One piece molded type fitting 


covers and jacketing material, gloss white.  Connect with tacks and pressure 
sensitive color matching vinyl tape. 


3. Canvas Jacket:  UL listed fabric, 6 oz/sq. yd. plain weave cotton, treated 
with dilute fire retardant lagging adhesive. 


4. Aluminum Jacket:  0.016” thick sheet, [smooth/embossed] finish, with 
longitudinal slip joints and 2” laps, die shaped fitting covers with factory 
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attached protective liner. 
5. Secure aluminum jackets with 3/8” or ½” stainless steel bands on 12” 


centers. 


D. Field Applied Jackets (For Exterior Applications): 
1. All longitudinal seams, on horizontal pipe runs, shall be installed on the 


bottom of pipes. 
2. Aluminum Jacket:  0.016” (minimum) thick sheet, smooth or embossed 


finish, with longitudinal slip joints and 2” laps, die shaped fitting covers with 
factory attached protective liner. 


3. Stainless Steel Jacket:  Type 304 stainless steel, 0.010” minimum 
(smooth/corrugated) finish. 


4. Secure stainless steel or aluminum jackets with 3/8” or 1/2” stainless steel 
bands on 12” centers. 


5. Manufacturers: Pabco, Childers, RPR, or equal. 


E. Removable Covers: 
1. Provide removable covers on pumps, valves, air separators, air vent fittings, 


flanges, strainers, steam traps, etc., where periodic maintenance or removal 
of insulation may is required. 


2. Use of pre-molded fittings with PVC covers is acceptable, unless noted 
otherwise. 
a. Cold systems: Provide PVC covers on elbows. 
b. Cold systems: Provide Armaflex elastomeric foam for flanges, 


valves, pumps and strainers. 
c. Hot systems: provide PVC covers on elbows and flanges. 
d. Hot Systems: provide removable blanket covers on valves, pumps, 


and strainers. 
3. Removable- type silicon cloth fiberglass filled insulating blankets: 


a. Mfg: Fit Tight Covers, GLT products, or equal custom fabrication by 


Insulation Contractor, 0-350°F service operating temperature: 


1) Jacket: silicon impregnated fiberglass cloth 
2) Liner: silicon impregnated fiberglass cloth 
3) Liner reinforcement: sstl mesh cloth 
4) Insulation: 1” type E glass matt 
5) Fastening: 2” nomex Velcro 
6) Fastening: 1” straps and stainless steel D-rings 
7) Fastening: 12 gage stainless steel hooks and stainless steel 


wire 
8) Thread: Kevlar/stainless steel thread 


b. Mfg: Fit Tight Covers, or equal custom fabrication by Insulation 


Contractor, 351-450°F service operating temperature: 


c. Jacket: silicon impregnated fiberglass cloth 
d. Liner: silicon impregnated fiberglass cloth 
e. Liner reinforcement : stainless steel mesh cloth 
f. Insulation: 2” type E glass matt 
g. Fastening: 2” nomex Velcro 
h. Fastening: 1” straps and stainless steel D-rings 
i. Fastening: 12 gage stainless steel hooks and stainless steel wire 
j. Thread: Kevlar/stainless steel thread 


 


2.7 EQUIPMENT INSULATIONS 
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A. Flexible Fiberglass Blanket:  Johns Manville Microlite Type 75 Flexible Blanket: 


1. 'K' Value: ASTM C518, 0.27 Btu•in./(hr•ft²•°F) at 75°F installed full 


thickness. 


2. Maximum Service Temperature:  250°F. 


3. Density:  0.75 lb/cu ft. 
4. Vapor Barrier Jacket:  FSK (Foil-Scrim-Kraft) aluminum foil faced reinforced 


with fiberglass yarn and laminated to fire-resistant kraft, secured with UL 
listed pressure sensitive tape and/or outward clinched expanded staples 
and vapor barrier mastic as needed. 


PART 3 - EXECUTION 


3.1 EXAMINATION AND PREPARATION 


A. Verify that piping and ductwork has been tested for leakage in accordance with 
specifications before applying insulation materials.  All piping and ductwork shall be 
inspected by Owner's Representative prior to installation of insulation.  Any 
insulation applied prior to inspection shall be removed and new insulation applied at 
no additional cost to Owner.  Notify Owner's Representative five (5) working days 
prior to insulation installation. 


B. Verify that all surfaces are clean, dry and free of foreign material. 


3.2 INSTALLATION 


A. General: 
1. Install materials in accordance with manufacturer's recommendations, 


building codes and industry standards. 
2. Remove and replace any insulation that has become wet or damaged during 


the construction process. 
3. Continue insulation and vapor barrier at penetrations and duct supports, 


except where prohibited by code.  Instances where this is required include: 
a. Ductwork support angle or struts.  To prevent crushing of low 


density insulation, provide separator or high density insulation at 
point of support.  A 12 inch wide strip of 6 pcf density fiberglass 
board across the bottom side of the duct.  Vapor barrier to continue 
unbroken at point of support. 


B. Ductwork –Insulation on the Duct Exterior: 
1. Provide insulated ductwork conveying air below ambient temperature (below 


room temperature) with vapor retardant jacket.   
2. Seams/joints of duct wrap shall be secured with outward clinching 


galvanized staples spaced 4” on center.  Vapor barrier tape shall not be 
used at the sole means of securing the insulation. 


3. Seal all vapor retardant jacket seams and penetrations with 3” wide 
pressure-sensitive vapor barrier tape matching the insulation facing. 


4. Provide insulated ductwork conveying air above ambient temperature 
(above room temperature) with or without vapor retardant jacket.  Where 
service access is required, bevel and seal ends of insulation. 


5. All exposed exterior metallic ductwork exposed or covered with cladding is 
to be built with a crown or reverse cross break to shed moisture. 


6. Continue insulation through walls, sleeves, hangers, and other duct 
penetrations except where prohibited by code. 
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7. The insulation shall be firmly wrapped around the ducts with all joints lapped 
a minimum of 2" and secured with staples spaced 4” on center.  The vapor 
barrier shall be sealed with FSK or metallic pressure sensitive tape.  
Installed thickness shall not exceed 25% compression.  The underside of 
duct work 24” or greater in width shall be secured with mechanical fasteners 
and speed clips spaced approximately 18” on center.  The protruding ends 
of the fasteners shall be cut off flush after the speed clips are installed, and 
then, when required, sealed with the same tape as specified above. 


8. For ductwork exposed in mechanical equipment rooms below 7’ or in 
finished spaces, finish with Johns Manville Zeston 2000 PVC jacket, or 
equal.  


9.  For interior vapor/moisture conveying duct applications, install fiberglass 
insulation unless specifically indicated otherwise on drawings.  Install to 
meet manufacturer’s requirements and as required by local code authorities. 


10. For exterior applications, provide insulation with a weather protection jacket. 
11. For exterior vapor duct applications, install fiberglass insulation with 


weatherproof jacket. 


C. Duct Liner: 
1. Liner is to be installed in vertical duct risers, mechanical shafts conveying 


return air, terminal box discharge plenums, and other horizontal duct runs 
where shown on drawings.  Dimensions of lined ducts given on the drawings 
indicate the inside dimensions of duct after the lining has been installed.   


2. Adhere insulation to sheet metal with a UL listed adhesive and as 
recommended by insulation manufacturer.  Adhesive shall be applied to the 
sheet metal with a minimum coverage of 90%. 


3. Secure insulation with mechanical liner fasteners as indicated by SMACNA 
or manufacturer.  Pin length should be as recommended by the liner 
manufacturer. 
a. When width of duct exceeds 12” and also on sides when height 


exceeds 24”, use non-ferrous mechanical fasteners such as welded 
pins and speed clips, 12” on center maximum lateral spacing and 
18” on center maximum longitudinal spacing.  Start fastening within 
3” of upstream transverse edge of the liner and within 3” of the 
longitudinal joint.  Mechanical fasteners shall not pierce the duct 
walls.  The pins shall be cut off flush, washers shall be used and 
installation made so that no gaps or loose edges occur in the 
insulation.  Top pieces shall be supported by the side pieces. 


4. All edges of the liner must be factory or field coated. Unless factory coated, 
all transverse edges and longitudinal joints of the duct liner shall be coated.  
For systems operating at 4,000 fpm or higher, a metal nosing must be 
installed in all liner leading edges.  All exposed edges, not abutting other 
liner, shall be installed with sheet metal nosing to protect the exposed edge 
and hold the liner firmly in place. 


5. Repair liner surface penetrations with UL listed adhesive. 
6. Duct dimensions indicated on plans are net inside dimensions required for 


airflow.  Increase duct size to allow for insulation thickness. 


D. Piping Insulation: Insulation shall be provided to the entire system chilled water, 
heating hot water and steam piping systems included but not limited to fittings, 
valves, unions, flanges, strainers, flexible connections, pump bodies, steam 
moisture separators and expansion joints. 
1. Locate insulation and cover seams in least visible locations unless 
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otherwise specified. 
2. Neatly finish insulation at supports, protrusions, and interruptions. 
3. Provide insulated dual temperature pipes and cold pipes conveying fluids 


below ambient temperature with vapor retardant jackets with self sealing 
laps.  Insulate complete system. No staples shall be used on pipes 
conveying fluids below ambient temperatures (cold systems).  


4. For insulated pipes conveying fluids above ambient temperature, secure 
jackets with self sealing lap or outward clinched, expanded staples.  Seal 
ends of insulation at equipment, flanges, and unions. 


5. Provide insert between support shield and piping on piping 1-1/2” diameter 
or larger.  Fabricate of Johns Manville Thermo-12, or other heavy density 
insulating material suitable for temperature.  Insulation inserts shall not be 
less than the following lengths: 
a. 1½" to 2½" pipe size: 10" long 
b. 3" to 6" pipe size:   12" long 
c. 8" to 10" pipe size: 16" long 
d. 12" and over: 22" long 


6. Use of metal saddles is acceptable as specified in Section 230500.  Fill 
interior voids with segments of insulation matching adjoining pipe insulation. 


7. Use of pipe hangers designed as an insulation coupling is acceptable in lieu 
of saddles and other devices.  Klo-Shure coupling or equal. 


8. For pipe exposed in mechanical equipment rooms or in finished spaces 
below 7 feet above finished floor, finish with Johns Manville Zeston 2000 
PVC jacket and fitting covers. 


9. Where pumps, valves, strainers, etc., with insulation require periodic 
opening for maintenance, repair, or cleaning, install insulation in such a 
manner that it can be easily removed and replaced without damage.   
a. Cold systems: Provide Armaflex elastomeric foam for pumps and 


strainers. 
b. Hot Systems: provide removable blanket covers on valves, pumps, 


and strainers. 
10. For exterior applications: 


a. Provide weather protection jacket.  Insulated pipe lengths, pumps, 
fittings, joints, and valves shall be covered with aluminum jacket or 
stainless steel jacket.  Jacket seams shall be located on bottom side 
of horizontal piping.  All lateral joints shall be caulked with a 
minimum 20-year silicone sealant (clear).  All longitudinal joints, 
except those at the bottom of a horizontal pipe run, shall be caulked 
with a minimum 20-year silicone sealant (clear). 


b. Apply weather-resistant protective finish such as WB Armaflex to 
flexible elastomeric insulation.  Insulation seams shall be located on 
the bottom side of horizontal piping.  All lateral and longitudinal 
joints to be sealed with low V.O.C., UV inhibitive adhesive, such as 
Armaflex 520 BLV adhesive. 


11. When maintenance or service access for equipment will result in foot traffic 
over floor mounted insulated piping the contractor is to fabricate a 
permanent removable walkway to prevent damage to the piping and 
insulation. 


12. Special Application Requirements for Chilled Water Systems: 
a. Fiberglass insulation is not allowed. 
b. Pipe: Provide closed cell phenolic foam or cellular glass insulation 


for chilled and low temperature heat recover water piping and 
fittings.   
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c. Non-factory vapor retarded piping and fittings: Spiral wrap insulation 
with Saran Vapor Retarder tape for fittings and. Cover with PVC 
jacket. 


d. 90/45/tee fittings: Provide material routed out of bun stock to the 
shape of the elbow, cut in half and applied to the fitting and spiral 
wrapped with Saran Vapor retarder tape.  Cover with PVC fitting 
cover. 


e. Installation shall conform to Trymer Supercel or Pittsburg-Corning 
Foamglas installation guide. 


f. Valves, pipe flanges, pumps, strainers, gage fittings: may use 
Armaflex closed cell insulation in lieu of phenolic foam. 


E. Equipment Insulation: 
1. See Piping Insulation above for additional requirements. 
2. Apply insulation as close as possible to equipment by grooving, scoring, and 


beveling insulation, if necessary.  Secure insulation to equipment with studs, 
pins, clips, adhesive, wires, or bands, per manufacturer’s recommendations. 


3. Fill joints, cracks, seams, and depressions with bedding compound to form 
smooth surface.  On cold equipment, use vapor retardant cement. 


4. Provide insulated dual temperature equipment or cold equipment containing 
fluids below ambient temperature with vapor retardant jackets. 


5. For insulated equipment containing fluids above ambient temperature, 
provide jacket with or without vapor barrier. 


6. Cover insulation with metal mesh and finish with heavy coat of insulating 
cement, mastic, or aluminum jacket as indicated in the drawings. 


7. For equipment in mechanical equipment rooms or in finished spaces, finish 
with Johns Manville Zeston 2000 jacketing and fitting covers or aluminum or 
stainless steel jacketing. 


8. Do not insulate over nameplate or ASME stamps.  Bevel and seal insulation 
around such. 


9. When equipment with insulation requires periodic opening for maintenance, 
repair, or cleaning, install insulation in such a manner that it can be easily 
removed and replaced without damage.  Use of silicon cloth fiberglass filled 
lace-on type insulation blankets is acceptable. 


3.3 DUCTWORK INSULATION SCHEDULE 


A. All insulation thicknesses shall meet or exceed state energy code and mechanical 
code requirements as noted below.  Minimum thermal resistance in range of 4.2 to 
4.6 per inch of thickness.  Insulation thicknesses are based on fiberglass insulation 
and may be adjusted for equivalent insulation values for materials with superior “K” 
factors. 


B. The installed thickness of duct insulation used to determine its R-value shall be 
determined as follows: 
1. For duct board, duct liner, and factory-made rigid ducts not normally 


subjected to compression, the nominal insulation thickness shall be used. 
2. For duct wrap, installed thickness shall be assumed to be 75 percent (25 


percent compression) of nominal thickness. 
3. For factory-made flexible air ducts, the installed thickness shall be 


determined by dividing the difference between the actual outside diameter 
and nominal inside diameter by two. 
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C. All air distribution system ducts and plenums, but not limited to, building cavities, 
mechanical closets, air handler boxes, and support platforms uses as ducts or 
plenums, shall be installed, sealed , and insulated to meet the requirements of the 
code.  Portions of supply-air and return-air ducts conveying heated or cooled air 
located in one or more of the following spaces shall be insulated to a minimum level 
of R-8. 
1. Outdoors; or 
2. In a space between the roof and an insulated ceiling; or 
3. In a space directly under a roof with fixed vents or openings to the outside or 


unconditioned spaces; or 
4. In an unconditioned crawlspace; or 
5. In other unconditioned spaces. 


D. TABLE 1: DUCT WRAP INSULATION SERVICE, THICKNESS, AND MATERIAL 
TYPE REQUIRED. 


Flexible Duct wrap: 


SYSTEM THICKNESS 
(inches) 


FINISH REMARKS/MATERIAL 
OPTIONS 


Supply ducts and plenums 
within building envelope 


1-1/2 FSK Type DW-A,B,C 


Supply or return duct installed 
as exposed ductwork in the 
occupied space. 


0  Except where noted on 
drawings for acoustical 
reasons. 
 


Supply or return or outside air 
duct installed as exposed 
ductwork in the occupied 
clean rated space.  


1-1/2 Mylar Applies to ISO rated 
Cleanroom spaces. 
Type DW-A,B 


Return ducts and plenums 
within building envelope 


1-1/2 FSK Type DW-A,B 


Exterior/Outside supply and 
return ductwork sandwiched in 
double wall sheet metal 


2-1/2 FSK *  or a thickness resulting in 
compressed R value=8 


Supply and return ductwork 
located outdoors and as 
described in 3.3.C above. 


3  Type DW-A,B,C 


Exhaust ducts within 10 ft. of 
exterior openings 


2 FSK Type DW-A,B,C 


Thicknesses in the above table shall have insulation values as follows:  1” = R-4.2, 
1-1/2” = R-6.3, 2” = R-8.0.  Greater thicknesses are permitted to achieve identical 
values if space constraints allow. 


E. TABLE 2: DUCTWORK RIGID INSULATION AND PLENUM INSULATION 
SERVICE, THICKNESS, AND INSULATION TYPE REQUIRED. 


Rigid and Plenum Insulation: 
 


SYSTEM THICKNESS 
(inches) 


FINISH REMARKS/MATERIAL 
OPTIONS 


Outside air intake ducts 2 FSK Provide aluminum jacket over 
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exterior installations. Type 
RB-A,B 


Interior Plenums  2 FSK Type RB-A,B 


Exterior Plenums 2 FSK Type RB-A,B 


Supply, return and relief ducts 
in mechanical rooms and 
parking garages 


2 FSK Type RB-A,B 


Vapor/moisture ducts installed 
exterior to the building 
envelope. 


1-1/2 FSK Provide jacketing on exterior 
ducts. Type RB-A,B 


Exterior ductwork sandwiched 
in double wall sheet metal 


2 FSK Type RB-A,B 


F. TABLE 3: ACOUSTIC DUCT LINER SERVICE, THICKNESS, AND INSULATION 
TYPE REQUIRED. 


Acoustic Duct Liner (rectangular ductwork): 
 


SYSTEM THICKNESS 
(inches) 


FINISH REMARKS/MATERIAL 
OPTIONS 


Where indicated 1” unless 
otherwise 


noted on plans 


Air stream 
side coating 


Type ADL-A,B,C,D 


Discharge plenum from 
terminal units (VAV and CAV 
boxes) 


1” unless 
otherwise 


noted on plans 


Air stream 
side coating 


Type ADL-A,B,C,D 


Exterior ductwork where 
indicated in double wall sheet 
metal sandwich construction. 


2 Air stream 
side coating 


Type ADL-A,B,C,D 


Within 20’ of Air Handling Unit 
in supply and return ducts 


1 Air stream 
side coating 


Type ADL-A,B,C,D 


Acoustic Duct Liner (round ductwork): 
 


SYSTEM THICKNESS 
(inches) 


FINISH REMARKS/MATERIAL 
OPTION 


Where indicated 1 Air stream 
side coating 


Type ADL-E 


Thicknesses in the above table shall have insulation values as follows:  1” = R-4.2, 
1-1/2” = R-6.3, 2” = R-8.0.  Greater thicknesses are permitted to achieve identical 
values if space constraints allow. 


3.4 PIPING INSULATION SCHEDULE 


A. All insulation thicknesses shall meet or exceed state energy code requirements as 
noted below.  Listed insulation thicknesses shall be increased by 1/2” (minimum) 
where insulated pipe is exposed to exterior ambient air.  Minimum thermal 
resistance shall comply with building code minimum ranges and may exceed those 
minimum levels.  Insulation thicknesses may be adjusted for equivalent insulation 
values for materials with superior “K” factors. 
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B. TABLE 1:  PIPING SERVICES, FLUID TEMPERATURE, AND INSULATION TYPE 
REQUIRED 


 


SERVICE FLUID 
TEMPERATURE  


RANGE (°F) 


INSULATION 
TYPE / 


ALLOWED 
OPTIONS 


REMARKS 


Cooling Coil Condensate 
drain piping 


(40°F -60°F) Type PI-F Provide 1/2” thickness 
insulation, all pipe sizes 


Chilled water supply and 
return systems and fittings.   


(40°F -60°F) Type PI- B, E All piping exposed on roof 
shall be insulated with Type 
PI-B only 


Chilled water supply and 
return systems and fittings.   


(39°F and below) Type PI-B, E All piping exposed on roof 
shall be insulated with Type 
PI-B only 


Heating Water supply and 
return systems and fittings  


(up to 200°F) Type PI-A, PI-
B, C, D, E, F 


All piping exposed on roof 
shall be insulated with Type 
PI-B only 


Low pressure steam supply 
and condensate systems 


(250°F and below) Type PI-A, C, 
D, E 


 


Medium and High pressure 
steam supply and 
Condensate systems 


( greater than 250°F) Type PI-A, C, 
D, E 


 


Steam condensate pump 
discharge systems  


(141°F-200°F) Type PI-A, C, 
D, E 


 


Steam Safety Valve Vent 
piping systems 


 Type PI-A, C, 
D, E 


Provide 1” insulation 
thickness, all piping sizes. 
Provide aluminum jacket on 
exterior insulated piping 


C. TABLE 2: MINIMUM PIPING INSULATION THICKNESS BASED ON FLUID 
TEMPERATURE AND PIPING SIZE. 


Insulation Based on California T-24 Energy Code Table 120.3-A Minimum Pipe Insulation Thicknesses or 
Greater 


FLUID 
TEMPERATURE 


RANGE 
(°F) 


CONDUCTIVITY 
RANGE 


(in Btu-inch per 
hour per square 


foot °F) 


INSULATION 
MEAN RATING 


TEMPERATURE 
(°F) 


NOMINAL PIPE DIAMETER (in inches) 


<1 1 and 1-1/4 1-1/2 to <4 4 to <8 
8 and 
larger 


INSULATION THICKNESS REQUIRED (in inches) 


Space heating systems (steam, steam condensate and hot water) and Domestic Services Water Heating Systems 


Above 350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0 


251-350 0.29-0.31 200 3.0 4.0 4.5 4.5 4.5 


201-250 0.27-0.30 150 2.5 2.5 2.5 3.0 3.0 


141-200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0 


105-140 0.22-0.28 100 1.0 1.5 1.5 1.5 1.5 


 


Space cooling systems (chilled water, refrigerant and brine) 


40-60 0.21-0.27 75 0.5 0.5 1.0 1.0 1.0 


Below 40 0.20-0.27 75 1.0 1.5 1.5 1.5 1.5 


3.5 EQUIPMENT INSULATION SCHEDULE 


A. Equipment not factory insulated, including but not limited to: 
1. Heat exchangers. 
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2. Converters. 
3. Chilled-water pumps. 
4. Outdoor condenser-water pumps. 
5. Heating, hot-water pumps. 
6. Heat-recovery pumps. 
7. Steam condensate pumps. 
8. Expansion/compression tanks. 
9. Air separators. 
10. Steam flash tanks, flash separators, moisture separators, and blow-off 


tanks. 
11. Hydronic service valves. 
12. Steam and condensate service valves, 2” and larger. 
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B.  Flexible Elastomeric Foam (Closed Cell): 
 


SERVICE THICKNESS 
(inches) 


REMARKS 


Chilled water pump bodies 1-1/2  


Chilled water, heat recovery water 
system valves ½” and larger 


1-1/2   


Chilled water, heat recovery water air 
separator 


1-1/2  


Chilled water, heat recovery water 
expansion/compression tanks 


1-1/2  
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C.  Removable Fiberglass Insulated Silicone Cloth Covers with Closure: 
 


SERVICE THICKNESS 
(inches) 


REMARKS 


Heating water air separators 1-1/2  


Heating water 
expansion/compression tanks 


1-1/2  


Heating water pump bodies 2  


Heating water system valves, 2-1/2” 
and larger 


2  


LP Steam system valves, 2” and 
larger 


2  


MP, HP Steam system valves, 2” and 
larger 


2  


Steam condensate system valves, 2” 
and larger 


2  


Steam Condensate receivers 2  


Steam condensate system pump 
bodies 


2  


END OF SECTION 
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		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Division 22:  Plumbing.

		B. Section 230500:  Basic HVAC Materials and Methods.

		C. Section 232113:  HVAC Piping, Valves and Specialties.



		1.4 DEFINITIONS

		A. Ambient: The air temperature to be maintained in a conditioned room.  Typically between 70(F and 78(F.

		B. Insert:  Spacer placed between the pipe support system and the piping to allow for the space required for insulation.

		C. Insulation Group (IG):  Definition of Insulation Materials and Operating Temperatures.

		D. Insulation Shield:  Buffer material placed between the pipe support system and the insulation to prevent the insulation material from crushing.

		E. Jacket:  Protective covering over the pipe insulation; may be factory applied such as “all service jacket” or field applied to provide additional protection; of such materials as canvas, PVC, aluminum or stainless steel.

		F. Piping Insulation:  Thermal insulation applied to prevent heat transmission to or from a piping system.

		G. Vapor Barrier Jacket:  Insulation jacket material that impedes the transmission of water vapor.

		H. Freezing Climate:  Where outdoor design temperature is less than 33o F, as stated in ASHRAE fundamentals under 99% column for winter design conditions.

		I. Unconditioned Space: any space whose airstream is not directly conditioned by mechanical equipment or maintained to temperature by mechanical equipment.



		1.5 QUALITY ASSURANCE

		A. Codes and Standards:  Provide products conforming to the requirements of the following:

		B. Flame/Smoke Rating:  Provide composite mechanical insulation (insulation, jackets, coverings, sealers, mastics and adhesives) with flame-spread index of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM E84 (NFPA 255) Method.  In addition, the products, when tested, shall not drip flame particles, and flame shall not be progressive.  Provide Underwriters Laboratories, Inc., label or listing; or satisfactory certified test report from an approved testing laboratory to prove the fire hazard ratings for materials proposed for use do not exceed those specified.  Do not provide materials with flame proofing treatments subject to deterioration due to the effects of moisture or high humidity.

		C. Corrosiveness:  Provide insulation such that when tested in accordance with the following test, the steel plate in contact with the insulation shows no greater corrosion than sterile cotton in contact with a steel plate for comparison.

		D. Insulation thickness shall be the greater standard of that specified here or the State energy conservation requirements.

		E. Products containing the following prohibited chemicals for use as flame retardants or for other purposes will not be acceptable when present in quantities greater than 0.1% by mass:



		1.6 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data and installation instructions for each type of mechanical insulation.  Submit schedule showing manufacturer's product number, K-value, thickness, and furnished accessories for each mechanical system requiring insulation.  Also furnish necessary test data certified by an independent testing laboratory.  Submit samples.

		B. Provide a statement with the submittal indicating that no product submitted contains an amount equal to or greater than 0.10% by mass of the following chemicals:

		C. Maintenance Data:  Submit maintenance data and replacement material lists for each type of mechanical insulation.  Include this data and product in maintenance manual.



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver insulation, coverings, cements, adhesives, and coating to the site in containers with manufacturer's stamp or label affixed showing fire hazard indexes of products.

		B. Store and protect insulation against dirt, water, chemical, and mechanical damage.  Do not install damaged or wet insulation; remove from project site.





		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Johns Manville, Owens-Corning, Knauf, Armstrong, Pittsburgh-Corning, Trymer, IIG, Certainteed, Halstead, Rubatex, 3M FireMaster, Pabco, Reflectix, or approved equal.  Manufacturer and insulation types listed below indicate a minimum acceptable level of quality required for each classification.



		2.2 DUCT WRAP INSULATION:

		A. Type DW-A Flexible Fiberglass Blanket:  Johns Manville Microlite XG, formaldehyde-free, recycled content; Knauf ECOSE Duct Wrap; or equal:



		2.3 ACOUSTIC DUCT LINER:

		A. Type ADL-A. Fiberglass Acoustic Duct Liner:  Johns Manville Duct Liner RC with Anti-Microbial Acrylic Coating or equal:



		2.4 FIRE-RATED INSULATION SYSTEMS

		A. Type FRI-D.   Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is UL tested and certified to provide a 2-hour fire rating.



		2.5 FIELD APPLIED DUCTWORK INSULATION JACKETS

		A. Field Applied Jackets (For Interior Applications):



		2.6 PIPE INSULATIONS

		A. Glass Fiber:  Molded fibrous glass pipe insulation shall comply with the requirements of ASTM C 547 and meet ASTM C 585 for sizes required in the particular system.

		B. Type PI-F: Flexible Elastomeric Closed Cell Thermal Insulation:  Armacel AP Armaflex, Rubatex K-Flex ECO, Aeroflex Aerocel, closed-cell, halogen free, elastomeric insulation.  Comply with ASTM-C177, ASTM E 84 and UL 181.

		C. Field Applied Jackets (For Interior Applications):

		D. Field Applied Jackets (For Exterior Applications):

		E. Removable Covers:



		2.7 EQUIPMENT INSULATIONS

		A. Flexible Fiberglass Blanket:  Johns Manville Microlite Type 75 Flexible Blanket:





		PART 3 - EXECUTION

		3.1 EXAMINATION AND PREPARATION

		A. Verify that piping and ductwork has been tested for leakage in accordance with specifications before applying insulation materials.  All piping and ductwork shall be inspected by Owner's Representative prior to installation of insulation.  Any insulation applied prior to inspection shall be removed and new insulation applied at no additional cost to Owner.  Notify Owner's Representative five (5) working days prior to insulation installation.

		B. Verify that all surfaces are clean, dry and free of foreign material.



		3.2 INSTALLATION

		A. General:

		B. Ductwork –Insulation on the Duct Exterior:

		C. Duct Liner:

		D. Piping Insulation: Insulation shall be provided to the entire system chilled water, heating hot water and steam piping systems included but not limited to fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, steam moisture separators and expansion joints.

		E. Equipment Insulation:



		3.3 DUCTWORK INSULATION SCHEDULE

		A. All insulation thicknesses shall meet or exceed state energy code and mechanical code requirements as noted below.  Minimum thermal resistance in range of 4.2 to 4.6 per inch of thickness.  Insulation thicknesses are based on fiberglass insulation and may be adjusted for equivalent insulation values for materials with superior “K” factors.

		B. The installed thickness of duct insulation used to determine its R-value shall be determined as follows:

		C. All air distribution system ducts and plenums, but not limited to, building cavities, mechanical closets, air handler boxes, and support platforms uses as ducts or plenums, shall be installed, sealed , and insulated to meet the requirements of the code.  Portions of supply-air and return-air ducts conveying heated or cooled air located in one or more of the following spaces shall be insulated to a minimum level of R-8.

		D. TABLE 1: DUCT WRAP INSULATION SERVICE, THICKNESS, AND MATERIAL TYPE REQUIRED.

		Flexible Duct wrap:

		Thicknesses in the above table shall have insulation values as follows:  1” = R-4.2, 1-1/2” = R-6.3, 2” = R-8.0.  Greater thicknesses are permitted to achieve identical values if space constraints allow.

		E. TABLE 2: DUCTWORK RIGID INSULATION AND PLENUM INSULATION SERVICE, THICKNESS, AND INSULATION TYPE REQUIRED.

		Rigid and Plenum Insulation:

		F. TABLE 3: ACOUSTIC DUCT LINER SERVICE, THICKNESS, AND INSULATION TYPE REQUIRED.

		Acoustic Duct Liner (rectangular ductwork):

		Acoustic Duct Liner (round ductwork):

		Thicknesses in the above table shall have insulation values as follows:  1” = R-4.2, 1-1/2” = R-6.3, 2” = R-8.0.  Greater thicknesses are permitted to achieve identical values if space constraints allow.



		3.4 PIPING INSULATION SCHEDULE

		A. All insulation thicknesses shall meet or exceed state energy code requirements as noted below.  Listed insulation thicknesses shall be increased by 1/2” (minimum) where insulated pipe is exposed to exterior ambient air.  Minimum thermal resistance shall comply with building code minimum ranges and may exceed those minimum levels.  Insulation thicknesses may be adjusted for equivalent insulation values for materials with superior “K” factors.

		B. TABLE 1:  PIPING SERVICES, FLUID TEMPERATURE, AND INSULATION TYPE REQUIRED

		C. TABLE 2: MINIMUM PIPING INSULATION THICKNESS BASED ON FLUID TEMPERATURE AND PIPING SIZE.



		3.5 EQUIPMENT INSULATION SCHEDULE

		A. Equipment not factory insulated, including but not limited to:

		B.  Flexible Elastomeric Foam (Closed Cell):�

		C.  Removable Fiberglass Insulated Silicone Cloth Covers with Closure:�
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PART 1 - GENERAL 


1.1 SCOPE 


A. The purpose of this section is to specify Division 23 responsibilities, Division 22 responsibilities, 
and Division 32 responsibilities in the commissioning process. 


B. Refer to Section 019113 for the systems that will be commissioned. 


1.2 RESPONSIBILITIES 


A. Mechanical, Controls, Test and Balance (TAB), Plumbing subcontractors and Irrigation 
subcontractors:  The commissioning responsibilities applicable to each of the subcontractors 
are as follows (all references apply to commissioned equipment only): 


1. Attend a commissioning kickoff meeting and other meetings necessary to facilitate the 
commissioning process. 


2. Provide the commissioning agent with normal cut sheets and submittals of commissioned 
equipment. 


3. Provide additional requested documentation, prior to normal O&M manual submittals, to 
the commissioning agent for development of start-up and functional testing procedures. 


4. Provide a copy of the O&M manuals and submittals of commissioned equipment to the 
commissioning agent for review. 


5. Sub-Contractors shall assist (along with the design engineers) in clarifying the operation 
and control of commissioned equipment in areas where the specifications, control 
drawings or equipment documentation is not sufficient for writing detailed testing 
procedures. 


6. Sub-Contractors shall review test procedures to ensure feasibility, safety and equipment 
protection and provide necessary written alarm limits to be used during the tests. 


7. Execute the mechanical and electrical-related portions of the pre-functional checklists for 
all commissioned equipment. 


8. Perform and clearly document all completed startup and system operational checkout 
procedures, providing a copy to the commissioning agent. 


9. Address current Engineer of Record punch list items before functional testing. TAB shall 
be completed with discrepancies and problems remedied before functional testing. 


10. Provide skilled technicians to execute starting of equipment and to execute the functional 
performance tests for sufficient duration to complete the necessary tests, adjustments 
and problem-solving. 


11. Correct deficiencies identified by the commissioning agent, Owner's Representative and 
Engineer of Record and retest the equipment. 


12. Prepare O&M manuals according to the Contract Documents. 
13. Provide training of the Owners Representative’s operating staff. 
14. Coordinate with equipment manufacturers to determine specific requirements to maintain 


the validity of the warranty. 


B. Mechanical Contractor.  The responsibilities of the mechanical contractor, during construction 
and acceptance phases in addition to those listed in (A) are: 


1. Provide startup for all HVAC equipment. 
2. Assist and cooperate with the TAB contractor and commissioning agent by: 
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a. Putting all HVAC equipment and systems into operation as required. 
b. Including cost of sheaves and belts that may be required by TAB. 
c. Providing test holes in ducts and plenums where directed by TAB to allow air 


measurements and air balancing.  Provide an approved plug. 
d. Providing temperature and pressure taps according to the Construction 


Documents for TAB and commissioning testing. 


3. Prepare a preliminary schedule for Division 23 pipe system testing, flushing and cleaning, 
equipment start-up and TAB start and completion for use by the commissioning agent.  
Update the schedule as appropriate. 


4. Notify the Owner's Representative when pipe and duct system testing, flushing, cleaning, 
startup of each piece of equipment and TAB will occur.     


5. Assist with functional testing on locally controlled equipment not part of the central 
building automation system. 


C. Controls Contractor.  The commissioning responsibilities of the controls contractor, during 
construction and acceptance phases in addition to those listed in (A) are: 


1. Sequences of Operation Submittals.  The Controls Contractor’s submittals of control 
drawings shall include complete detailed sequences of operation for each piece of 
equipment, regardless of the completeness and clarity of the sequences in the 
specifications.   


2. Control Drawings Submittal. 


a. The control drawings shall have a key to all abbreviations. 
b. The control drawings shall contain graphic schematic depictions of the systems 


and each component. 
c. The schematics will include the system and component layout of any equipment 


that the control system monitors, enables or controls, even if the equipment is 
primarily controlled by packaged or integral controls. 


d. Provide a full points list  
e. The Controls Contractor shall keep the commissioning agent informed of all 


changes to this list during programming and setup. 


3. An updated as-built version of the control drawings and sequences of operation shall be 
included in the final controls O&M manual submittal. 


4. Assist and cooperate with the Testing, Adjusting and Balancing (TAB) contractor in the 
following manner: 


a. Meet with the TAB contractor prior to beginning TAB and review the TAB plan to 
determine the capabilities of the control system toward completing TAB.  Provide 
the TAB any needed unique instruments that may be needed. 


b. For a given area, have all required pre-functional checklists, calibrations, startup 
and selected functional tests of the system completed and approved by the 
commissioning agent prior to TAB. 


c. Provide a qualified technician to operate the controls to assist the TAB contractor. 


5. Assist and cooperate with the commissioning agent in the following manner: 


a. Execute the functional testing of the controls system. Assist in the functional 
testing of all equipment to be commissioned.   Provide two-way radios during the 
testing. 


b. Execute all control system trend logs. 







SAN DIEGO STATE UNIVERSITY  SECTION 230805 
EIS COMPLEX  MECHANICAL SYSTEMS COMMISSIONING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC.  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 


230805-3 


6. The controls contractor shall prepare a written plan indicating in a step-by-step manner, 
the procedures that will be followed to test, checkout and adjust the control system prior 
to functional performance testing.   


7. Provide a signed and dated certification to the commissioning agent and Owner's 
Representative upon completion of the checkout of each controlled device, equipment 
and system prior to functional testing for each piece of equipment or system, that all 
system programming is complete as to all respects of the Design Intent and Contract 
Documents, except functional testing requirements. 


8. As well as the control points necessary to execute all documented control sequences, 
provide monitoring, control and virtual points. 


9. List and clearly identify on the as-built duct and piping drawings the locations of all static 
and differential pressure sensors (air, water and building pressure). 


10. Controls contractor’s work with commissioning is not complete until signed off by 
commissioning agent and Owner. 


D. TAB Contractor.  The duties of the TAB contractor, in addition to those listed in (A) are: 


1. Submit the outline of the TAB plan and approach for each system and component to the 
commissioning agent, Owner's Representative and the controls contractor six weeks prior 
to starting the TAB.   


2. The submitted plan will include: 


a. Certification that the TAB contractor has reviewed the construction documents and 
the systems with the design engineers and contractors to sufficiently understand 
the design intent for each system. 


b. An explanation of the intended use of the building control system.  The controls 
contractor will comment on feasibility of the plan. 


c. All field checkout sheets and logs to be used that list each piece of equipment to 
be tested, adjusted and balanced with the data cells to be gathered for each. 


d. Discussion of what notations and markings will be made on the duct and piping 
drawings during the process. 


e. Final test report forms to be used. 
f. Detailed step-by-step procedures for TAB work for each system. 
g. List of all measurements to be performed and a description of specific test 


procedures, parameters, formulas to be used. 
h. Details of how total flow will be determined. 
i. The identification and types of measurement instruments to be used and their most 


recent calibration date. 
j. Plan for hand-written field technician logs of discrepancies, deficient or 


uncompleted work by others, contract interpretation requests and lists of 
completed tests (scope and frequency). 


3. A running log of events and issues shall be kept by the TAB field technicians.   
4. Communicate in writing to the General Contractor and the controls contractor all setpoint 


and parameter changes made or problems and discrepancies identified during TAB 
which affect the control system setup and operation. 


5. The TAB shall mark on the drawings where all traverse and other critical measurements 
were taken and cross reference the location in the TAB report. 


6. Provide the commissioning agent with any requested data, gathered, but not shown on 
the draft reports. 


7. Provide calibrated instruments to assist commissioning agent in conducting calibration 
checks of sensors and any other devices requiring field checkout. 


8. Provide a final TAB report for the commissioning agent with details. 
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9. Conduct functional performance tests and checks on the original TAB.  
10. The test and balance contractor is responsible for assisting the commissioning agent 


throughout the entire commissioning process.  This includes assistance with reading 
airflows, water flows, taking pressure measurements, temperature measurements, and 
providing any other readings requested by the commissioning agent related to the 
commissioned equipment.  


11. The TAB work will not be complete until signed off by commissioning agent and Owner. 


E. Plumbing Contractor.  The responsibilities of the plumbing contractor, during construction and 
acceptance phases in addition to those listed in (A) are: 


1. Provide startup for all plumbing equipment. 
2. Assist and cooperate with the commissioning agent by putting all plumbing equipment 


and systems into operation and continuing the operation during each working day of 
commissioning, as required. 


3. Prepare a preliminary schedule for Division 22 pipe system testing, flushing and cleaning, 
and equipment start-up for use by the commissioning agent.  Update the schedule as 
appropriate. 


F. Irrigation/Landscaping Contractor.  The responsibilities of the irrigation contractor, during 
construction and acceptance phases in addition to those listed in (A) are: 


1. Provide startup for all irrigation equipment. 
2. Assist and cooperate with the commissioning agent by putting all irrigation equipment 


and systems into operation and continuing the operation during each working day of 
commissioning, as required. 


3. Prepare a preliminary schedule for Division 32 pipe system testing, flushing and cleaning, 
and equipment start-up for use by the commissioning agent.  Update the schedule as 
appropriate. 


1.3 RELATED WORK 


A. Refer to Section 019113 Commissioning for a listing of all sections containing related work. 


PART 2 - PRODUCTS 


2.1 TEST EQUIPMENT 


A. Divisions 22, 23 and 32 shall provide all test equipment necessary to fulfill the testing 
requirements.   


B. Refer to Section 019113 Commissioning for additional requirements. 
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PART 3 - EXECUTION 


3.1 STARTUP 


A. Divisions 22, 23 and 32 have start-up responsibility and are required to complete systems and 
sub-systems so they are fully functional, meeting the design objectives of the Contract 
Documents.  The commissioning procedures and functional testing do not relieve or lessen this 
responsibility or shift that responsibility partially to the commissioning agent or Owner's 
Representative. 


B. Functional testing is intended to begin upon completion of a system. 


3.2 FUNCTIONAL TESTING 


A. This section presents representative functional testing requirements for Division 22, 23 and 32 
systems and equipment.   


B. Parties Responsible to Execute Functional Test 


1. Controls contractor shall operate the controls as needed. 
2. Test and balance contractor shall take readings and assist with set up of equipment. 
3. HVAC mechanical contractor or vendor shall assist in testing sequences as needed. 
4. Plumbing contractor or vendor shall assist in testing sequences as needed. 
5. CxA shall witness, direct and document testing. 


C. Testing and Acceptance criteria 


1. Test each sequence in the sequence of operations, and other significant modes and 
sequences not mentioned. 


2. Ability of system to maintain the temperature and humidity range within prescribed 
tolerance 


3. All alarms 
4. For the conditions, sequences and modes tested, the BAS, integral components and 


related equipment respond to changing conditions and parameters appropriately as 
expected, as specified and according to acceptable operating practice 


D. Required Monitoring   


1. All points requested by the CxA shall be trended by the controls contractor.  The trending 
shall be for seven (7) days per week, 24 hours per day at five minute intervals or as 
requested by the CxA. 


E. BAS Functional Testing 


1. A significant part of the BAS functional testing requirements is the successful completion 
of the functional tests of equipment the BAS controls or interlocks with.  Uncompleted 
equipment functional tests or outstanding deficiencies in those tests lend the required 
BAS functional testing incomplete.   


2. Integral or stand-alone controls are functionally tested with the equipment they are 
attached to, including any interlocks with other equipment or systems. 
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3. In addition to the controlled equipment testing, the following tests are required for the 
BAS, where features have been specified. The following testing requirements are in 
addition to and do not replace any testing requirements elsewhere in the specifications. 


a. All specified functions and features are set up, debugged and fully operable 


b. Power failure and battery backup and power-up restart functions if applicable 


c. Global commands features 


d. Security and access codes 


e. Occupant over-rides (manual, telephone, key, keypad, etc.) 


f. O&M schedules and alarms if applicable 


g. Scheduling features fully functional and setup, including holidays 


h. Date and time setting in central computer and verify field panels read the same 
time 


i. Demonstrate functionality of field panels using local operator keypads and local 
ports (plug-ins) using portable computer/keypad 


j. All graphic screens and value readouts completed 


k. Set-point changing features and functions 


l. Sensor calibrations 


m. Final as-builts or redlines (per spec) control drawings, final points list, program 
code, set-points, schedules, warranties, etc. per specs, submitted for O&Ms. 


n. Verify that points that are monitored only, having no control function, are checked 
for proper reporting to BAS. 


o. Communication time between network controllers and field controllers. 


p. Labeling of points. 


3.3 WRITTEN WORK PRODUCTS 


A. Written work products will consist of the filled out start-up, initial checkout and pre-functional 
checklists. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include but not necessarily be limited to the 
following: 
1. Submit shop drawings of the entire control system components fully 


coordinated with major equipment suppliers' requirements.  Provide 
proposed programming logic sequences of control functions on each 
system. 


2. Installation of control components other than valves, dampers and sensing 
wells as required for a complete and workable system. 


3. This Contractor shall furnish, install and coordinate the interlock and control 
wiring as specified and/or required for a complete and workable control 
system. 


4. Controls dampers are specified and furnished in Section 233113 of these 
specifications.  Provide damper actuators, wiring and conduit as required to 
operate all dampers as shown. 


5. Upon completion of the installation, data entry and programming, provide 
complete validation and adjustment of specified control system through 
period of testing and Owner’s acceptance.  The control contractor shall 
perform a point-to-point check out of all newly installed points to verify point 
existence, proper end to end connection and correct SI units with the 
Owners Representative. 


6. The entire program and sequence of operation with the final points list shall 
be verified by the Control Contractor, the Owners Representative, and 
signed by both parties.  A copy of the final program, sequence of operation, 
and points list shall be submitted to the Engineer for approval and inclusion 
with the operation and maintenance manuals. 


7. Owner training on operation of the control system. 
8. One-year warranty on workmanship and materials. 
9. Interlocking of electrical systems and motors as shown on Drawings, except 


where specifically shown on electrical drawings. 


1.3 RELATED WORK IN OTHER SECTIONS 


A. Refer to Division 0 and Division 1 for related contractual requirements. 


B. Provide certificates of calibration for all sensors required for control and monitoring 
including temperature and pressure. 


C. Refer to Division 23 and the following sections for Mechanical or Electrical Provision. 
1. Section 013300: Submittal Requirements 
2. Section 230500: Basic HVAC Materials and Methods 







SAN DIEGO STATE UNIVERSITY SECTION 230900 
EIS COMPLEX BUILDING AUTOMATION SYSTEM 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC (BAS) CONTROLS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


230900 - 2                                                   McParlane & Associates  


3. Section 230593: Testing, Adjusting, and Balancing 
4. Section 230901: Laboratory Airflow Control System 
5. Section 230902: Variable Frequency Drives 
6. Section 232113: HVAC Piping 
7. Section 233113: Air Distribution 
8. Section 237312: Custom Factory Air Handler 
9. Division 26 – Electrical Materials and Methods 
10. Division 28 – Electronic Safety and Security 


D. Refer to Division 26 sections for Electrical Provisions.  Sources of 120-volt electrical 
power as indicated on the electrical drawings and specifications for control system 
components furnished by this section.  The controls contractor shall be responsible 
for all additional electrical distribution from these connection points to the control 
panels and other controls devices. 


E. BAS contractor will furnish, but not install the following: 
1. Air flow measuring stations: furnish to mechanical installer and coordinate 


per manufacturer’s requirements. 
2. Flow meters: furnish to mechanical installer and coordinate per 


manufacturer’s requirements. 
3. Flow switches: furnish to mechanical installer and coordinate per 


manufacturer’s requirements. 
4. Hydronic pressure and temperature sensor wells: furnish to mechanical 


installer and coordinate per manufacturer’s requirements. 
5. Control valves: furnish to mechanical installer and coordinate per 


manufacturer’s requirements. 


1.4 REFERENCE STANDARDS 


A. Comply with all San Diego State University Campus Mechanical Standards For New 
Construction and Renovation Capital Projects Standards. 


B. The latest edition of the following standards and codes in effect and amended as of 
supplier's proposal date, and any applicable subsections thereof, shall govern 
design and selection of equipment and material supplied: 
1. American Society of Heating, Refrigerating and Air Conditioning Engineers 


(ASHRAE). 
2. ANSI/ASHRAE Standard 135-2012, Lonworks. 
3. California Building Code (CBC). 
4. UL 916 Underwriters Laboratories Standard for Energy Management 


Equipment. Canada and the US. 
5. California Electrical Code (CEC). 
6. FCC Part 15, Subpart J, Class A. 
7. EMC Directive 89/336/EEC (European CE Mark). 
8. UL-864 UUKL listing for Smoke Controls for any equipment used in smoke 


control sequences. 


C. State and federal regulations and codes in effect as of contract date. 


D. Except as otherwise indicated, the system supplier shall secure and pay for all 
permits, inspections, and certifications required for his work, and arrange for 
necessary approvals by the governing authorities. 
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1.5 WORK INCLUDED 


A. Furnish a distributed logic Lonworks.-based control system, including a Windows 7 
Professional, Windows Server 2008 R2 or SQL Server 2008 R2-compatible 
operator’s workstation. The operator’s workstation, all building controllers, 
application controllers, and all input/output devices shall communicate using the 
protocols and network standards as defined by ANSI/ASHRAE Standard 135-2012, 
Lonworks.  Provide all necessary Lonworks compliant hardware and software to 
meet the system’s functional specifications. Provide Protocol Implementation 
Conformance Statement (PICS) for Windows-based control software and every 
controller in system, including unitary controllers. 


B. Prepare individual hardware layouts, interconnection drawings, and software 
configuration from project design data. 


C. Implement the detailed design for all analog and binary objects, system databases, 
graphic displays, logs, and management reports based on control descriptions, logic 
drawings, configuration data, and bid documents. 


D. Design, provide, and install all equipment cabinets, panels, data communication 
network cables needed, and all associated hardware. 


E. Provide and install all interconnecting cables between supplied cabinets, application 
controllers, and input/output devices.   


F. Provide and install all interconnecting cables between all operator’s terminals and 
peripheral devices (such as printers, etc.) supplied under this section. 


G. Provide complete manufacturer’s specifications for all items that are supplied. 
Include vendor name of every item supplied. 


H. Provide supervisory specialists and technicians at the job site to assist in all phases 
of system installation, startup, and commissioning. 


I. Provide a comprehensive operator and technician training program as described 
herein. 


J. Provide as-built documentation, operator’s terminal software, a software key for one 
additional computer, diagrams, and all other associated project operational 
documentation (such as technical manuals) on approved media, the sum total of 
which accurately represents the final system. 


K. Provide new sensors, dampers, valves, and install only new electronic actuators. No 
used components shall be used as any part or piece of installed system.  


1.6 SYSTEM DESCRIPTION 


A. A distributed logic control system complete with all software and hardware functions 
shall be provided and installed. System shall be completely based on 
ANSI/ASHRAE Standard 135-2012, Lonworks and achieved listing under the 
Lonworks. Testing Laboratories Lonworks - Advanced Workstation Software (B-
AWS). This system is to control all mechanical equipment, including all unitary 
equipment such as VAV boxes, fan-coils, etc., and all air handlers, boilers, chillers, 
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and any other listed equipment using native Lonworks-compliant components. Non- 
Lonworks-compliant or proprietary equipment or systems (including gateways) shall 
not be acceptable and are specifically prohibited. 


B. Operator’s workstation software shall use Windows 7 Professional, Windows Server 
2008 R2 or SQL Server 2008 R2 as the computer operating system. The Energy 
Management and Control Lonworks protocols. Software functions delivered on this 
project shall include password protection, scheduling (including optimum start), 
alarming, logging of historical data, full graphics including animation, after-hours 
billing program, demand limiting, and a full suite of field engineering tools including 
graphical programming and applications.  


C. Building controllers shall include complete energy management software, including 
scheduling building control strategies with optimum start and logging routines. All 
energy management software and firmware shall be resident in field hardware and 
shall not be dependent on the operator’s terminal. Operator’s terminal software is to 
be used for access to field-based energy management functions only. Provide zone-
by-zone direct digital logic control of space temperature, scheduling, runtime 
accumulation, equipment alarm reporting, and override timers for after-hours usage.  


D. All application controllers for every piece of controlled equipment shall be fully 
programmable.  Application controllers shall be mounted next to controlled 
equipment and communicate with building controller through Lonworks LAN. 


E. Room sensors shall be provided with digital readout that allow the user to view room 
temperature, CO2 or relative humidity, adjust the room setpoint within preset limits 
and set desired override time. User shall also be able to start and stop unit from the 
digital sensor. Include all necessary wiring and firmware such that room sensor 
includes field service mode. Field service mode shall allow a technician to balance 
VAV zones and access any parameter in zone controller directly from the room 
sensor. Field service mode shall have the ability to be locked out. 


1.7 APPROVED MANUFACTURERS 


A. The base bid for controls shall be the Lonworks system.  Approved BAS 
Manufacturers/Contractors include: 
1. Distech or approved equal 


As installed by an authorized Distech system integrator 


1.8 QUALITY ASSURANCE 


A. The BAS shall be designed, installed, commissioned, and serviced by contractor 
authorized and trained personnel.  System provider shall have an in-place support 
facility within two (2) hours response time of the site with technical staff, spare parts 
inventory, and necessary test and diagnostic equipment. 


B. The manufacturer and installer shall have a minimum of 5 years of demonstrated 
technical expertise and experience in the manufacture, installation and maintenance 
of BAS systems similar in size and complexity to this project.  A list of successful 
past projects of similar type, size and complexity shall be submitted.  In addition, a 
reference list of names, addresses and telephone numbers of the design Engineer 
and the Owner’s representative for each installation shall be provided.  The 
references may be contacted and questioned about the timely delivery, installation, 
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operation and service received for each installation.  


C. The contractor shall provide experienced project manager for this work, responsible 
for direct supervision of the design, installation, start-up and commissioning of the 
BAS system. 


D. The Bidder shall be regularly engaged in the design, installation and maintenance of 
BAS systems and shall have demonstrated technical expertise and experience in 
the manufacture, installation and maintenance of BAS systems similar in size and 
complexity to this project. Bidders shall provide a list of at least 10 projects, similar in 
size and scope to this project completed within the past 3 years. 


E. Materials and equipment shall be manufacturer's latest standard design that 
complies with the specification requirements. 


F. All BAS peer-to-peer network controllers, central system controllers and local user 
displays shall be UL Listed under Standard UL 916, category PAZX. 


G. All electronic equipment shall conform to the requirements of FCC Regulation, Part 
15, Governing Radio Frequency Electromagnetic Interference and be so labeled. 


H. Control system shall be engineered, programmed and supported completely by 
representative’s local office that must be within 100 miles of project site. 


I. Control components shall be products of the same manufacturer only, unless 
indicated otherwise and approved by Owner’s representative.  Example – all valves 
shall by one manufacturer and all temperature sensors shall be by one 
manufacturer. 


1.9 SUBMITTALS 


A. Drawings 
1. The system supplier shall submit point-to-point engineered drawings, control 


sequence, and bill of materials for approval. 
2. Drawings shall be submitted in a standard size of 11” x 17” (ANSI B), as a 


minimum. 
3. Eight complete sets (copies) of submittal drawings shall be provided. 
4. Drawings shall be available on CD-ROM. 


B. System Documentation 
1. Include the following in submittal package: 


a. System configuration diagrams in simplified block format. 
b. All input/output object listings and an alarm point summary listing. 
c. Electrical drawings that show all system internal and external 


connection points, terminal block layouts, and terminal identification. 
d. Complete bill of materials, valve schedule with Cv, valve pressure 


drop at design flow, and damper schedule. 
e. Manufacturer's instructions and drawings for installation, 


maintenance, and operation of all purchased items.  
f. Overall system operation and maintenance instructions—including 


preventive maintenance and troubleshooting instructions. 
g. For all system elements—operator’s workstation(s), building 


controller(s), application controllers, routers, and repeaters—provide 
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Lonworks Protocol Implementation Conformance Statements (PICS) 
as per ANSI/ASHRAE Standard 135-2012. 


h. Provide complete description and documentation of any proprietary 
(non- Lonworks) services and/or objects used in the system.  


i. A list of all functions available and a sample of function block 
programming that shall be part of delivered system. 


C. Project Management 
1. The vendor shall provide a detailed project design and installation schedule 


with time markings and details for hardware items and software 
development phases.  Schedule shall show all the target dates for 
transmission of project information and documents, and shall indicate timing 
and dates for system installation, debugging, and commissioning. 


1.10 WARRANTY 


A. Warrant work as follows: 
1. Warrant labor and materials for specified control system free from defects 


for a period of 12 months after final acceptance. Control system failures 
during warranty period shall be adjusted, repaired, or replaced at no 
additional cost or reduction in service to Owner. 


2. Respond during normal business hours within 24 hours of Owner’s warranty 
service request. 


3. Work shall have a single warranty date, even if Owner receives beneficial 
use due to early system start-up. If specified work is split into multiple 
contracts or a multi-phase contract, each contract or phase shall have a 
separate warranty start date and period. 


4. If Engineer determines that equipment and systems operate satisfactorily at 
the end of final start-up, testing, and commissioning phase, Engineer will 
certify in writing that control system operation has been tested and accepted 
in accordance with the terms of this specification. Date of acceptance shall 
begin warranty period. 


5. Provide updates to operator workstation software, project-specific software, 
graphic software, database software, and firmware that resolve Contractor-
identified software deficiencies at no charge during warranty period. If 
available, Owner can purchase in-warranty service agreement to receive 
upgrades for functional enhancements associated with above-mentioned 
items. Do not install updates or upgrades without Owner’s written 
authorization. 


6. Exception: Contractor shall not be required to warrant reused devices 
except those that have been rebuilt or repaired. Installation labor and 
materials shall be warranted. Demonstrate operable condition of reused 
devices at time of Engineer’s acceptance. 


PART 2 - PRODUCTS 
 
Shall Meet all of SDSU standard requirements per below: 
 


A. Distech Controls. or approved equal. If a Distech Controls branded product or a 
Distech Controls product branded otherwise is used, it must be programmed and 
fully accessible by utilizing the Tridium AX plugins freely available on Distech's 
website. The provided controllers must not utilize any proprietary drivers or jar files 
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other than the ones provided directly from Distech and available for download by the 
campus. At the time of acceptance the controllers must use the latest stable 
firmware release from Distech. 


B. Comply with all San Diego State University Campus Mechanical Standards For New 
Construction and Renovation Capital Projects Standards. 


2.2 OPERATOR’S WORKSTATION 


A. General structure of workstation interaction shall be a standard client/server 
relationship.  Server shall be used to archive data and store system database.  
Clients shall access server for all archived data.  Each client shall include flexibility 
to access graphics from server or local drive.  Server shall support a minimum of 50 
simultaneous clients. 


B. Primary Operator Workstation Hardware 
1.  All workstations shall be general purpose microcomputer systems serving 


as an operator station in a cooperative processing server/client relationship 
with other connected work stations.  The workstation shall consist of a high-
speed central processing unit (CPU) with data storage facilities, high-
resolution, 24”, LCD monitor.  Components shall be capable of operating in 
environments of 60°F to 105°F and relative humidity of 30% to 90%.  


2. The CPU in each workstation shall be Intel Pentium IV, 2 GHz or higher, 
Core 2 Duo also acceptable. 


3. Memory: 8 GB (minimum) 
4. Hard Drive: 500GB (minimum) for the BAS operating software 
5. Hard Drive: 1 TB (minimum) to be used for trend log archiving.  
6. Display: Video card and monitor capable of displaying 1920 x 1080 pixel 


resolution or greater. 
7. Network Support: Ethernet adapter (10/100 Mb with RJ-45 connector, or 


greater). 
8. Keyboard: The keyboards shall be the enhanced 101 key, quiet, tactile type 


to match CCS. 


C. Coordinate with existing Operator’s Workstation on-site. 


D. Displays 
1. In general, the operator’s workstation shall display all data associated with 


project as called out on drawings and/or object type list supplied. Graphic 
files shall be created using digital, full color photographs of system 
installation, AutoCAD drawing files of field installation drawings and wiring 
diagrams from as-built drawings. Operator’s workstation shall display all 
data using three-dimensional graphic representations of all mechanical 
equipment.   


2. A customized menu label (push-button) shall be used for display selection. 
Menu items on a display shall allow penetration to lower level displays or 
additional menus. Dynamic point information and menu label pushbuttons 
may be mixed on the same display to allow sub-displays to exist for each 
item.  Each display may be protected from viewing unless operator has 
appropriate security level. A security level may be assigned to each display 
and system object.  The menu label shall not appear on the graphic if the 
operator does not have the appropriate security level.  


3. The BAS displays shall have the ability to link to content outside of the BAS 
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system. Such content shall include but is not limited to: Launching external 
files in their native applications (for example, a Microsoft Word document) 
and launching a Web browser resolving to a specified Web address. 


4. The BAS system shall have the ability to run multiple, concurrent displays 
windows showing continuously updated data. 


E. Password Protection 
1. Provide security system that prevents unauthorized use unless operator is 


logged on. Access shall be limited to operator’s assigned functions when 
user is logged on.  This includes displays as outlined above. 


2. Each operator’s terminal shall provide security for a minimum of 200 users. 
Each user shall have an individual User ID, User Name, and Password. 
Entries are alphanumeric characters only and are case sensitive (except for 
User ID). User ID shall be capable of accepting 8 characters or more, User 
Name shall be 0–29 characters, and Passwords must accept a minimum of 
4 characters and be capable of accepting 8 characters or more.   


3. System shall include an Auto Logout Feature that shall automatically logout 
user when there has been no keyboard or mouse activity for a set period of 
time.  Time period shall be adjustable by system administrator.  Auto Logout 
may be enabled and disabled by system administrator.  Operator terminal 
shall display message on screen that user is logged out after Auto Logout 
occurs. 


4. The system shall permit the assignment of an effective date range, as well 
as an effective time of day, that the User IDs are permitted to authenticate. 


F. Operator Activity Log 
1. Operator Activity Log that tracks all operator changes and activities shall be 


included with system.  System shall track what is changed in the system, 
who performed this change, date and time of system activity, and value of 
the change before and after operator activity.  Operator shall be able to 
display all activity, sort the changes by user and also by operation.  
Operator shall be able to print the Operator Activity log display. 


2. Log shall be gathered and archived to hard drive on operator’s workstation 
as needed.  Operator shall be able to export data for display and sorting in a 
spreadsheet. 


G. Scheduling 
1. Operator’s workstation shall show all information in easy-to-read daily 


format including calendar of this month and next.  All schedules shall show 
actual ON/OFF times for day based on scheduling priority. Priority for 
scheduling shall be events, holidays and daily, with events being the 
highest.  


2. Holiday and special event schedules shall display data in calendar format.  
Operator shall be able to schedule holidays and special events directly from 
these calendars. 


3. Operator shall be able to change all information for a given weekly or 
exception schedule if logged on with the appropriate security access. 


4. Scheduling shall include optimum start based on outside air temperature, 
current heating/cooling setpoints, indoor temperature and history of previous 
starts.  Each and every individual zone shall have optimum start time 
independently calculated based on all parameters listed.  User shall input 
schedules to set time that occupied setpoint is to be attained.  Optimum 
start feature shall calculate the startup time needed to match zone 







SAN DIEGO STATE UNIVERSITY SECTION 230900 
EIS COMPLEX BUILDING AUTOMATION SYSTEM 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC (BAS) CONTROLS 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


230900 - 9                                                   McParlane & Associates  


temperature to setpoint.  User shall be able to set a limit for the maximum 
startup time allowed. 


H. Alarm Indication and Handling. 
1. Operator’s workstation shall provide audible, visual, printed, email or test 


means of alarm indication.  The alarm dialog box shall always become the 
top dialog box regardless of the application(s) currently running.  Printout of 
alarms shall be sent to the assigned terminal and port.  Alarm notification 
can be filtered based on the User ID’s authorization level. 


2. System shall provide log of alarm messages.  Alarm log shall be archived to 
the hard disk of the system operator’s terminal.  Each entry shall include a 
description of the event-initiating object generating the alarm.  Description 
shall be an alarm message of at least 256 characters in length.  Entry shall 
include  time and date of alarm occurrence, time and date of object state 
return to normal, time and date of alarm acknowledgment, and identification 
of operator acknowledging alarm. 


3. Alarm messages shall be in user-definable text (English or other specified 
language) and shall be delivered either to the operator’s terminal, client or 
through remote communication using email (Authenticated SMTP 
supported). 


I. Trendlog Information 
1. System server shall periodically gather historically recorded data stored in 


the building controllers and store the information in the system database.  
Stored records shall be appended with new sample data, allowing records to 
be accumulated.  Systems that write over stored records shall not be 
allowed unless limited file size is specified.  System database shall be 
capable of storing up to 50 million records before needing to archive data. 
Samples may be viewed at the operator’s workstation.  Operator shall be 
able to view all trended records, both stored and archived.  All trend log 
records shall be displayed in standard engineering units. 


2. Software that is capable of graphing the trend logged object data shall be 
included.  Software shall be capable of creating two-axis (X, Y) graphs that 
display up to 10 object types at the same time in different colors.  Graphs 
shall show object values relative to time.  Each trend log shall support a 
custom scale setting for the graph view that is to be stored continuously. 


3. Operator shall be able to change trend log setup information.  This includes 
the information to be logged as well as the interval at which it is to be 
logged.  All input, output, and value object types in the system may be 
logged.  All operations shall be password protected.  Setup and viewing may 
be accessed directly from any and all graphics on which object is displayed. 


4. System shall be capable of using Microsoft SQL as the system database. 


J. Energy Log Information 
1. System server shall be capable of periodically gathering energy log data 


stored in the field equipment and archive the information.  Archive files shall 
be appended with new data, allowing data to be accumulated. Systems that 
write over archived data shall not be allowed unless limited file size is 
specified. Display all energy log information in standard engineering units. 


2. All data shall be stored in database file format for direct use by third-party 
programs. Operation of system shall stay completely online during all 
graphing operations. 


3. Operator shall be able to change the energy log setup information as well. 
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This includes the meters to be logged, meter pulse value, and the type of 
energy units to be logged. All meters monitored by the system may be 
logged.  System shall support using flow and temperature sensors for BTU 
monitoring.  


4. System shall display archived data in tabular format form for both 
consumption and peak values.  Data shall be shown in hourly, daily, weekly, 
monthly and yearly formats.  In each format, the user shall be able to select 
a specific period of data to view.   


K. Demand Limiting  
1. System shall include demand limiting program that includes two types of 


load shedding.  One type of load shedding shall shed/restore equipment in 
binary fashion based on energy usage when compared to shed and restore 
settings.  The other type of shedding shall adjust operator selected control 
setpoints in an analog fashion based on energy usage when compared to 
shed and restore settings.  Shedding may be implemented independently on 
each and every zone or piece of equipment connected to system. 


2. Binary shedding shall include minimum of five (5) priority levels of 
equipment shedding.  All loads in a given priority level shall be shed before 
any loads in a higher priority level are shed.  Load shedding within a given 
priority level shall include two methods.  In one, the loads shall be 
shed/restored in a “first off-first on” mode, and in the other the loads are just 
shed/restored in a “first off-last on” (linear) fashion. 


3. Analog shed program shall generate a ramp that is independently used by 
each individual zone or individual control algorithm to raise the appropriate 
cooling setting and lower appropriate heating setting to reduce energy 
usage.  


4. Status of each and every load shed program shall be capable of being 
displayed on every operator terminal connected to system.  Status of each 
load assigned to an individual shed program shall be displayed along with 
English description of each load. 


L. Tenant Activity 
1. System shall include program that monitors after-hours overrides by 


tenants, logs that data, and generates a bill based on usage and rate 
charged for each tenant space.  Tenant Activity program shall be able to 
assign multiple zones, from a list of every zone connected to system, to a 
particular tenant.  Every zone is monitored for after-hour override usage and 
that data logged in server.  Operator may then generate a bill based on the 
usage for each tenant and the rate charged for any overtime use. 


2. Configuration shall include entry of the following information for use in 
logging and billing: 
a. Tenant’s contact name and address. 
b. One or multiple tenant zones that make up a total tenant space, 


including a separate billing rate for each separate zone. 
c. Minimum and maximum values an event duration and event limit. 
d. Property management information. 
e. Overall billing rate. 
f. Seasonal adjustments or surcharge to billing rate. 
g. Billing notification type such including, but not limited to printer, file 


and email. 
h. Billing form template. 
i. Logging shall include recording the following information for each 
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and every tenant event. 
j. Zone description. 
k. Time the event begins. 
l. Total override time. 
m. Limits shall be applied to override time. 


3. A tenant bill shall be generated for a specific period using all the entered 
configuration data and the logged data.  User with appropriate security level 
shall be able to view and override billing information.  User shall be able to 
select a billing period to view and be able to delete events from billing and 
edit a selected tenant activity event’s override time. 


M. Reports 
1. System server shall be capable of periodically producing reports of trend 


logs, alarm history, tenant activities, device summary, energy logs, and 
override points. The frequency, content, and delivery are to be user 
adjustable. 


2. All reports shall be capable of being delivered in multiple formats including 
text- and comma-separated value (CSV) files.  The files can be printed, 
emailed, or saved to a folder, either on the server hard drive or on any 
network drive location. 


N. Configuration/Setup 
1. Provide means for operator to display and change system configuration.  


This shall include, but not be limited to, system time, day of the week, date 
of daylight savings set forward/set back, printer termination, port addresses, 
modem port and speed, etc.  Items shall be modified using understandable 
terminology with simple mouse/cursor key movements. 


O. Field Engineering Tools 
1. Operator’s workstation software shall include field engineering tools for 


programming all controllers supplied.  All controllers shall be programmed 
using graphical tools that allow the user to connect function blocks on 
screen that provide sequencing of all control logic.  Function blocks shall be 
represented by graphical displays that are easily identified and distinct from 
other types of blocks.  User shall be able to select a graphical function block 
from menu and place on screen.  Provide zoom in and zoom out 
capabilities.  Function blocks shall be downloaded to controller without any 
reentry of data. 


2. Programming tools shall include a real-time operation mode.  Function 
blocks shall display real-time data and be animated to show status of data 
inputs and outputs when in real-time operation.  Animation shall show 
change of status on logic devices and countdown of timer devices in 
graphical format. 


3. System shall automatically notify the user when a device that is not in the 
database is added to the network.  


4. System shall include backup/restore function that will back up entire system 
to selected medium and then restore system from that media.  The system 
shall be capable of creating a backup for the purpose of instantiating a new 
client PC. 


5. The system shall provide a means to scan, detect, interrogate, and edit 
third-party Lonworks devices and Lonworks objects within those devices.  


P. Workstation Hardware 
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1. Workstation/server computer minimum requirements 
a. Enterprise Server (supports heavy trending and/or alarm handling at 


very large sites using SQL Server) 
b. Windows 7 Professional, Windows Server 2008 R2, SQL Server 


2008 R2 
c. Browser/client requirements: Most current versions of the following: 


Internet Explorer, Firefox, Safari (on Mac OS X).   


Q. Software  
1. At the conclusion of project, contractor shall leave with owner a DVD ROM 


that includes the complete software operation system and project graphics, 
setpoints, system parameters, etc.  This backup shall allow the owner how 
to completely restore the system in the case of a computer malfunction. 


2.3 WEB INTERFACE 


A. General 
1. BAS supplier shall provide Web-based access to the system as part of 


standard installation.  User must be able to access all displays of real-time 
data that are part of the BAS using a standard Web browser.  Web browser 
shall tie into the network through owner-supplied Ethernet network 
connection.  Web page host may be a separate device that resides on the 
BAS Lonworks network, but is not the BAS server for the control system. 
BAS server may be a separate computer from the Web page host device.  
The Web page software shall not require a per-user licensing fee or annual 
fees.  The Web page host must be able to support simultaneous users with 
the ability to expand the system to accommodate an unlimited number of 
users.  


B. Browser Technology 
1. No special vendor-supplied software shall be needed on computers running 


browser.  All displays shall be viewable and the webpage host shall directly 
access real-time data from the BAS Lonworks network.  Data shall be 
displayed in real-time and update automatically without user interaction.  
User shall be able to change data on displays if logged in with the 
appropriate user name and password.  


C. Communications  
1. Web page host shall support Ethernet network connections. A network 


connection shall be used to gather real-time data from all the Lonworks 
devices that form the BAS. This network shall communicate using 
Lonworks, allowing the Web page host to gather data directly from units on 
the local LAN or from other projects connected over a WAN. This network 
shall also provide the connection to the BAS server for Web page 
generation. 


2. An Ethernet connection shall provide the physical connection to the Internet 
or an IP-based WAN. It shall be the port that is used for the browser to 
receive Web pages and data from the Web page host.. The Web page host 
shall act as a physical barrier between the BAS network and the WAN or 
Internet connection that allows the browser to receive Web pages and data. 
The two separate network connections provide for a physical barrier to 
prevent raw Lonworks traffic being exposed on the IP network. 


3. The Web page host shall provide for complete isolation of the IP and 
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Lonworks networks by not routing networking packets between the two 
networks. 


D. Display of Data 
1. Web page graphics shown on browser shall be replicas of the BAS displays. 


User shall need no additional training to understand information presented 
on Web pages when compared to what is shown on BAS displays.  Web 
page displays shall include animation just as BAS displays.  Fans shall turn, 
pilot lights shall blink, coils shall change colors, and so on. 


2. Real-time data shall be shown on all browser Web pages.  This data must 
be directly gathered using the Lonworks network and automatically updated 
on browser Web page displays without any user action.  Data on the 
browser shall automatically refresh as changes are detected without re-
drawing the complete display.  


3. It shall be possible for user from browser Web page to change data if the 
user is logged on with the appropriate password.  Clicking on a button or 
typing in a new value shall change digital data.  Using pull-down menus or 
typing in a new value shall change analog data. 


4. Data displays shall be navigated using pushbuttons on the displays that are 
simply clicked on with the mouse to select a new display.  Alternatively, the 
standard back and forward buttons of the browser can be used for display 
navigation. 


E. Time Schedule Adjustment 
1. Web access shall allow user to view and edit all schedules in the system.  


This includes three types of schedules: standard, holiday and event.  
Display of schedules shall show interaction of all schedules on a single 
display so user sees an overview of how all work together.  User shall be 
able to edit schedules from this display. 


2. Display of all three schedule types must show all ON times for standard, 
holiday and event schedules in different colors on a given day.  In addition, 
OFF times for each must also be shown in additional colors.  User shall be 
able to select from standard calendar what days are to be scheduled and 
same display shall show all points and zones affected. User shall be able to 
set time for one day and select all days of the week that shall be affected as 
a recurrence of that same schedule for that given day. 


3. Schedule list shall show all schedules currently defined.  This list shall 
include all standard, holiday and event schedules.  In addition, user shall be 
able to select a list that shows all scheduled points and zones. 


F. Logging of Information 
1. User shall use standard browser technology to view all trendlogs in system.  


User shall be able to view logged data in tabular form or graphical format.  
User shall be able to adjust time interval of logged data viewed and shall be 
able to adjust Y axis of data viewed in graphical format.  User shall also be 
able to download data through the Web interface to local computer.  Data 
shall be in CSV format. 


G. Alarm Handling 
1. Web interface shall display alarms as they occur.  User shall be able to 


acknowledge alarms using browser technology.  In addition, user shall be 
able to view history of alarm occurrence over a user-selected time frame.  In 
addition, those alarms may be filtered for viewing per user-selected options.  
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A single selection shall display all alarms that have not been acknowledged. 


H. Web Page Generation 
1. Web pages shall be automatically generated from the BAS displays that 


reside on the BAS server.  User shall access Web page host through the 
network and shall initiate a Web page generation utility that automatically 
takes the BAS displays and turns them into Web pages.  The Web pages 
generated are automatically installed on the Web page host for access 
using any computer’s standard browser.  Any system that requires use of an 
HTML editor for generation of Web pages shall not be considered. 


I. Password Security and Activity Log 
1. Access through Web browser shall utilize the same hierarchical security 


scheme as BAS system.  User shall be asked to log on once the browser 
makes connection to Web page host. Once the user logs in, any and all 
changes that are made shall be tracked by the BAS system.  The user shall 
be able to change only those items he or she has authority to change.  A 
user activity report shall show any and all activity of the users who have 
logged in to the system, regardless of whether those changes were made 
using a browser or through the BAS workstation. 


J. Lonworks Communication 
1. Web server shall directly communicate to all devices on the BAS network 


using Lonworks protocol.  No intermediate devices shall be necessary for 
Lonworks communication. 


2.4 BUILDING NETWORK CONTROLLER  


A. Building Network Controller 
1. Lonworks Conformance 


a. Building Network Controller shall be approved by the Lonworks 
Testing Laboratories as meeting the Lonworks Building Controller 
requirements. 


B. Building network controller modules shall provide normal 7-day scheduling, holiday 
scheduling and event scheduling. 
1. Logging Capabilities 


a. Logs shall be supported in the building network controller.  Any 
object in the system (real or calculated) may be logged.  Sample 
time interval shall be adjustable at the operator’s workstation.  


b. Logs may be viewed both on-site or off-site using WAN or remote 
communication. 


c. Building network controller shall periodically upload trended data to 
networked operator’s workstation for long-term archiving if desired. 


d. Archived data stored in database format shall be available for use in 
third-party spreadsheet or database programs. 


2. Alarm Generation 
a. Alarms may be generated within the system for any object change 


of value or state (either real or calculated).  This includes things 
such as analog object value changes, binary object state changes, 
and various controller communication failures. 


b. Each alarm may be dialed out as noted elsewhere. 
c. Alarm log shall be provided for alarm viewing. Log may be viewed 
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on-site at the operator’s terminal or off-site using remote 
communications. 


d. Controller must be store alarms as Lonworks event enrollment 
objects, with system destination and actions individually 
configurable. 


3. Demand Limiting 
a. Demand limiting of energy shall be a built-in, user-configurable 


function. Each controller module shall support shedding of up to 200 
loads using a minimum of two types of shed programs. 


b. Load shedding programs in building controller modules shall 
operate as defined in Section 2.1 Demand Limiting of this 
specification. 


4. Tenant Activity Logging 
a. Tenant aActivity logging shall be supported by building network 


controller module.   
b. Tenant aActivity logging shall function as defined in Section 2.1 


Tenant Activity Logging of this specification. 


C. Ethernet – MS/TP Module 
1. Ethernet – MS/TP Module shall support every function as listed under 


paragraph A, General Requirements, of this section and the following. 
2. All communication with operator’s workstation and all application controllers 


shall be through Lonworks. Building controller Ethernet – MS/TP module 
shall incorporate as a minimum, the functions of a 2-way Lonworks router. 
Controller shall route Lonworks messages between the high-speed LAN 
(Ethernet 10/100MHz) and MS/TP LAN. Ethernet – MS/TP module shall 
also route messages from all other building controller modules onto the 
Lonworks Ethernet network. 
a. MS/TP LAN must be software-configurable from 9.6 to 76.8Kbps. 
b. The RJ-45 Ethernet connection must accept either 10Base-T or 


100Base-TX Lonworks over twisted pair cable (UTP).  


D. MS/TP Module 
1. MS/TP module shall support every listed function in this specification and 


the following.  
2. Building controller MS/TP module communications shall be though 


Lonworks MS/TP LAN to all advanced application and application-specific 
controllers. MS/TP module shall also route messages to Ethernet – MS/TP 
module for communication over WAN. 
a. MS/TP LAN must be software configurable from 9.6 to 76.8Kbps. 
b. Configuration shall be through RS-232 connection. 


E. Power Supply Module 
1. Input for power shall accept between 17–30VAC, 47–65Hz. 
2. Power supply module shall include rechargeable battery for orderly 


shutdown of controller modules including storage of all data in flash memory 
and for continuous operation of real-time clocks for minimum of 20 days.  


F. Modbus Module 
1. Modbus Module shall support every function as listed in this specification  
2. Building Controller Modbus module communications shall be via one of 


three types of ports: EIA-485, EIA-422 or RS-232 connection.  Modbus 
module shall convert Modbus data into Lonworks objects.  Modbus module 
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shall also route messages to Ethernet-MS/TP module for Lonworks Ethernet 
communication over WAN. 
a. Modbus Module shall support ASCII or RTU Modbus 


communication at 9600 or 4800 baud. 
b. EIA-422 and EIA-232 connection shall support one connection of 


Modbus unit. 
c. EIA-485 connection shall support connection of up to 247 Modbus 


units.  
d. Configuration shall be via RS-232 connection. 


3. Lonworks Translation 
a. All Modbus data shall be translated into Lonworks objects by the 


Modbus module. All configuration tools shall be supplied to assure 
data is translated as necessary to the correct format and value.  


b. Standard Lonworks object types supported shall include as a 
minimum: Analog Value, Binary Value, Calendar, Device, File, 
Group, Notification Class, Program and Schedule object types.  All 
proprietary object types, if used in the system, shall be thoroughly 
documented and provided as part of the submittal data.  All 
necessary tools shall be supplied for working with proprietary 
information. 


2.5 APPLICATION CONTROLLERS – GENERAL 


A. All application controllers shall include universal inputs with 10-bit resolution that can 
accept 3K and 10K thermistors, 0–5VDC, 4–20mA, dry contact signals and a 
minimum of 3 pulse inputs. Any input on controller may be either analog or digital.  
Controller shall also include support and modifiable programming for interface to 
intelligent room sensor.  Controller shall include binary outputs on board with analog 
outputs as needed.  


B. All program sequences shall be stored on board controller in memory.  No batteries 
shall be needed to retain logic program.  All program sequences shall be executed 
by controller 10 times per second and shall be capable of multiple PID loops for 
control of multiple devices. Programming of application controller shall be completely 
modifiable in the field over installed Lonworks LANs or remotely through modem 
interface.  Operator shall program logic sequences by graphically moving function 
blocks on screen and tying blocks together on screen.  Application controller shall be 
programmed using same programming tools as building controller and as described 
in operator workstation section.  All programming tools shall be provided and 
installed as part of system.  


C. Provide all application controllers with a minimum of 10% spare points for analog 
input, analog output, digital input and digital output signals.  


2.6 APPLICATION CONTROLLERS –AIR HANDLER OR CENTRAL PLANT 


A. Provide one or more native Lonworks application controllers to adequately cover all 
objects listed in object list.  All controllers shall interface to building controller 
through MS/TP LAN using Lonworks protocol.  No gateways shall be used.  
Controllers shall include input, output and self-contained logic program as needed 
for complete control of units. Controllers shall be fully programmable using graphical 
programming blocks.  Programming tool shall be resident on operator workstation 
and be the same tool as used for the building controller.  No auxiliary or non- 
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Lonworks controllers shall be used.  


B. Programming of application controller shall be completely modifiable in the field over 
installed Lonworks LANs or remotely using modem interface.  Operator shall 
program logic sequences by graphically moving function blocks on screen and tying 
blocks together on screen.  Application controller shall be programmed using 
programming tools as described in operator’s terminal section.  


C. Application controller shall include support for intelligent room sensor.  Display on 
intelligent room sensor shall be programmable at application controller and include 
an operating mode and a field service mode.  All button functions and display data 
shall be programmable to show specific controller data in each mode, based on 
which button is pressed on the sensor.  See sequence of operation for specific 
display requirements at intelligent room sensor.  


D. Schedules 
1. The controller shall support a minimum of three (3) Lonworks Schedule 


Objects and have a real-time clock on board with battery backup to maintain 
time through a power loss.  


E. Logging Capabilities 
1. Controller shall support a minimum of 50 trend logs.  Any object in the 


controller (real or calculated) may be logged.  Sample time interval shall be 
adjustable at the operator’s workstation.  


2. Controller shall periodically upload trended data to system server for long-
term archiving if desired. Archived data stored in (MS Jet Database or SQL) 
database form and shall be available for use in third-party spreadsheet or 
database programs. 


F. Alarm Generation   
1. Alarms may be generated within the controller for any object change of 


value or state (either real or calculated).  This includes things such as 
analog object value changes, and binary object state changes. 


2. Alarm log shall be provided for alarm viewing. Log may be viewed on-site at 
the operator’s terminal or off-site using remote communications. 


3. Controller must be able to handle up to 25 alarm setups stored as Lonworks 
event enrollment objects, with system destination and actions individually 
configurable. 


G. The packaging of the controller shall provide operable doors to cover the terminals 
once installation is complete. The housing of the controller shall provide for DIN rail 
mounting and also fully enclose circuit board. 


2.7 APPLICATION CONTROLLER – UNITARY MECHANICAL EQUIPMENT  


A. Provide one native Lonworks application controller for each piece of unitary 
mechanical equipment that adequately covers all objects listed in object list for unit.  
All controllers shall interface to building controller through MS/TP LAN using 
Lonworks protocol.  No gateways shall be used.  Controllers shall include input, 
output and self-contained logic program as needed for complete control of unit. 


2.8 APPLICATION CONTROLLER - VAV BOX—SINGLE DUCT  
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A. Provide one native Lonworks application controller for each VAV box that 
adequately covers all objects listed in object list for unit.  All controllers shall 
interface to building controller through MS/TP LAN using Lonworks protocol.  No 
gateways shall be used. Controllers shall include on board CFM flow sensor, inputs, 
outputs and programmable, self-contained logic program as needed for control of 
units. 


B. On board flow sensor shall be microprocessor-driven and pre-calibrated at the 
factory. All factory calibration data shall be stored in non-volatile memory.  
Calibration data shall be field adjustable to compensate for variations in VAV box 
type and installation.  All calibration parameters shall be adjustable through 
intelligent room sensor.  Operator’s workstation, portable computers, and special 
hand-held field tools shall not be needed for field calibration. 


C. Provide duct temperature sensor at discharge of each VAV box that is connected to 
controller for reporting back to operator’s workstation. 


D. VAV shall be capable of supporting dual maximum air flows for heating and cooling. 


2.9 AUXILLIARY CONTROL DEVICES 


A. Temperature Sensors 
1. Duct mount, indoor 


a. Veris TF series, 10K ohm, type II thermistor with stainless steel 
probe and junction box, Dwyer Instruments TE Series, or equal. 


2. Duct mount, outdoor 
a. Veris TF series 10K ohm, type II thermistor with stainless steel 


probe and weather-tight junction box, Dwyer Instruments TE Series, 
or equal. 


3. Outside air 
a. Veris TO series 10K ohm, type II thermistor with stainless steel 


probe encased in durable radiation shield with weather-tight junction 
box, Dwyer Instruments TE Series with Weather proof enclosure 
and radiation solar shield PN TE-RND-B, or equal. 


4. Pipe insertion 
a. Veris TIG series 10K ohm, type II thermistor with corrosion resistant 


stainless steel probe, thermowell, and standard or weather-tight 
junction box as required, Dwyer Instruments TE Series with SS 
Probe and Nema 4X enclosure, or equal. 


5. Averaging 
a. Veris TA series 10K ohm, type II thermistor encased in flexible 


copper tubing to enhance response time, or equal.  Provide with 
standard or weather-tight junction box as required.  Mounting of 
tubing shall utilize AA64 mounting clips. 


B. Intelligent Room Temperature Sensor with LCD Readout  
1. Sensor shall contain a backlit LCD digital display and user function keys 


along with temperature sensor.  Controller shall function as room control unit 
and allow occupant to raise and lower setpoint, and activate terminal unit for 
override use-all within limits as programmed by building operator.  Sensor 
shall also allow service technician access to hidden functions as described 
in sequence of operation.  


2. The intelligent room sensor shall simultaneously display room setpoint, 
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room temperature, outside temperature, and fan status (if applicable) at 
each controller.  This unit shall be programmable, allowing site developers 
the flexibility to configure the display to match their application.  The site 
developer should be able to program the unit to display time-of-day, room 
humidity and outdoor humidity.  Unit must have the capability to show 
temperatures in degrees Fahrenheit or Centigrade. 


3. Override time may be set and viewed in half-hour increments.  Override time 
countdown shall be automatic, but may be reset to zero by occupant from 
the sensor.  Time remaining shall be displayed.  Display shall show the word 
“OFF” in unoccupied mode unless a function button is pressed. 


4. See sequence of operation for specific operation of LCD displays and 
function keys in field service mode and in normal occupant mode.  Provide 
intelligent room sensors as specified in point list. Field service mode shall be 
customizable to fit different applications.  If intelligent room sensor is 
connected to VAV controller, VAV box shall be balanced and all air flow 
parameters shall be viewed and set from the intelligent room sensor with no 
computer or other field service tool needed. 


C. Wireless Wall Sensor  
1. Wireless wall sensor shall use solid-state sensor and shall be packaged in 


aesthetically pleasing enclosure.  Sensor shall provide override function, 
warmer/cooler dial for set point adjustment.  Override time shall be stored in 
controller and be adjustable on a zone-by-zone basis.  Adjustment range for 
warmer/cooler lever shall also be stored in EEPROM on controller.  All 
programmable variables shall be available to field service tool through wall 
sensor port.  There shall be a mechanical means the lock the wall sensor to 
the base to prevent theft and vandalism. 


2. Wireless wall sensor shall have a battery life of five (5) years with alkaline 
batteries and 7.5 years with lithium batteries.  A low battery indication shall 
be signaled to the controller prior to the battery being exhausted.  The 
wireless sensor shall run on industry standard AA style batteries. 


3. The wireless range in open air shall meet or exceed 3000 feet.  The strength 
of the wireless signal must be indicated at the wireless sensor to aid in 
placement and trouble shooting.  The receiver shall have a wireless 
communications received light that indicates the proper communication is 
occurring. 


4. The wireless wall sensor and receiver must be paired in an addressable 
means to facilitate easy replacement and reassignment.  


D. Humidity Sensors 
1. Wall mount: 


a. Veris HW series humidity, 2% accuracy thin film capacitive 
replaceable sensor element,  LED display, Dwyer Instruments RHP-
W Series or equal. 


2. Outside air: 
a. Veris HO series humidity sensor, 2% accuracy thin film capacitive 


replaceable sensor element, with weatherproof housing, Dwyer 
Instruments RHP-W Series, or equal. 


3. Duct: 
a. Veris HD series humidity sensor, 2% accuracy thin film capacitive 


replaceable sensor element, with die cast metal housing, Dwyer 
Instruments RHP-W Series,  or equal. 


4. Wall mount, with temperature: 
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a. Veris HW series combination humidity and temperature sensor, 2% 
accuracy thin film capacitive replaceable sensor element ,  LED 
display, push button override and setpoint slider, Dwyer Instruments 
RHP-W Series or equal. 


5. OSA, with temperature: 
a. Veris HO series combination humidity and temperature sensor, 2% 


accuracy thin film capacitive replaceable sensor element, with 
weatherproof housing, Dwyer Instruments RHP Series Outdoor 
Humidity/Temperature Sensor, or equal. 


6. Duct, with temperature: 
a. Veris HD series combination humidity and temperature sensor, 2% 


accuracy thin film capacitive replaceable sensor element, with die 
cast metal housing, Dwyer Instruments RHP Duct 
Humidity/Temperature Sensor, or equal. 


7. High limit switch :  
a. Honeywell H6045A1002 duct mount hygrostat with insertion probe, 


adjustable trip dial, and NO and NC contacts, or equal. 


E. Dewpoint Sensors  
1. Wall mount: 


a. Kele Vaporstat 9002 wall mount dew point transmitter with non-
dispersive infrared sensor and blank cover, or equal.  Accuracy +/- 
3.6° F. 


F. Moisture Senor, pipe, strap on: 
a. Honeywell model HSS-DPS early warning dew point switch, strap 


on, with status light with NO and NC alarm terminals, or equal. 


G. CO2 Sensors 
1. Room, wall mount 


a. Veris CWE series with non-dispersive infrared sensor, repeatable to 
+/- 20 ppm, Dwyer CDT Series, or equal. 


2. Outdoor and Duct 
a. Veris CDE series with non-dispersive infrared sensor, repeatable to 


+/- 20 ppm, Dwyer CDT Series, or equal. 


H. CO2, Humidity, Temperature Combined Sensor (Duct and Wall) 
1. Veris C Series Deluxe Duct and Wall CO2 sensor with set point slider and 


LCD display, or equal. 
a. CO2 sensor with non-dispersive infrared sensor, repeatable to +/- 


20 ppm. 
b. Humidity Sensor digitally profiled thin-film capacitive, plus or minus 


2% RH. 
c. Temperature Sensor: Thermistor 


I. Leak Detector 
1. Condensate pan overflow detection: 


a. Veris SD-R01 detector, 24V AC, with automatic reset, and 14 foot 
cable, Dwyer Instruments WD3 Water Leak Detector, or equal. 


J. Differential pressure transmitters: Duct, building static, and water pressure 
1. Duct Static Pressure Transmitter 


a. Veris PX series differential pressure transducer with selectable 
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range, +/- 1% accuracy, with push button auto-zero, LCD display, 
Dwyer Instruments MS2, or equal. 


2. Building Static Pressure Transmitter 
a. Veris PX series differential pressure transducer with selectable 


range, +/- 1% accuracy, with push button auto-zero.   Provide with 
AA05 ceiling mount static pressure pick up, LCD display, Dwyer 
Instruments MS2, or equal. 


3. Water differential pressure transmitter 
a. Veris PW2 series differential pressure transmitter, wet/wet, switch 


selectable pressure ranges, jumper selectable port swap, LCD 
display and NEMA 4 enclosure, Dwyer Instruments MS2, or equal. 


K. Differential pressure switches 
1. Filter differential pressure switch for status 


a. Dwyer Series ADPS adjustable differential pressure switch, dual 
scale adjustable knob, silicone diaphragm and NEMA 13 enclosure, 
or equal. 


2. Duct static pressure hi-low pressure safety switch for fan shut down 
a. Dwyer Series 1900MR with adjustable trip and manual reset, or 


equal. 


L. Current Sensors 
1. Current sensing switch for fans, pumps, etc.: 


a. Hawkeye Hx08 series current switch with split core, adjustable trip, 
pilot light, self-gripping split core housing and mounting bracket,  
Dwyer Instruments Series CCS, or equal. 


2. Current sensing switch for VFD’s: 
a. Hawkey H614 Automatic VFD current switch split core, self-learning 


adjustable trip, pilot light, self-gripping split core housing and 
mounting bracket, or equal. 


3. Current sensing switch with relay for fan start 
a. Hawkeye H 900 series current switch with split core, integral relay, 


adjustable trip, pilot light, self-gripping split core housing and 
mounting bracket, or equal. 


4. Current sensing transmitter 
a. Hawkeye H921 current sensing transmitter with self-gripping split 


core, preset slide switches, and removable mounting bracket, or 
equal. 


5. Current sensing transmitter with relay for fan start 
a. Hawkeye H931 current sensing transmitter with integral relay, slide 


switches, self-gripping split core, and removable mounting bracket, 
or equal. 


M. Flow Meters – Liquid:  
1. Onicon System 10-LON BTU meters with electromagnetic full-bore flow 


sensor. 


N. Flow Meters Natural Gas  
1. Onicon F-5100 Series thermal mass flow meter, in-line or flanged as 


required, or equal.  Provide with D-100 totalizing display module with 
Lonworks interface.  


O. Flow Meters Steam  
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1. Steam: Onicon F-2500 series vortex flow meter, integral 1,000 Ohm 
platinum RTD for precise temperature measurement, pressure transducer 
for instantaneous pressure measurement, flow straightener, ANSI class 300 
flanges, or equal. 


P. Airflow Measuring Arrays 
1. Provide one thermal dispersion airflow/temperature measurement device 


(ATMD) at each location indicated on the plans, schedules and/or control 
schematics.  


2. Each ATMD shall consist of one to four sensor probes and a single, remote 
transmitter.  Each sensor probe shall consist of one to eight independent 
sensor nodes in a gold anodized, aluminum 6063 alloy tube with 304 
stainless steel mounting brackets. 


3. Each sensor node shall consist of two hermetically sealed bead-in-glass 
thermistors.  Chip thermistors of any type or packaging are not acceptable. 


4. The velocity-weighted average temperature output performance of the 
ATMD is preferred to that of the specified temperature measuring device 
(TMD), when the location of the ATMD and TMD are effectively the same. 


5. Outside Air Measurement:   
a. Provide a minimum outside airflow measuring station in a straight 


duct section upstream from the minimum outside air dampers and 
interfacing control for providing an electronic signal for use by the 
control contractor in controlling a minimum outside airflow.  On 
outdoor mounted air handling units, outside airflow measurement 
station is to be factory mounted on the intake side of the outside air 
intake (upstream of the damper). 


6. Sensor Performance: 
a. Fan Installation: 


1) Installed airflow accuracy: +/- 3% to 10% of reading with +/- 
0.25% repeatability. 


2) Sensor probe performance:  +/- 2% of reading, 0-5000 fpm, 


0.15°F temperature accuracy +/-. 
b. Outside Air/duct Installation: 


1) Installed airflow accuracy: +/- 2% of reading with +/- 0.25% 
repeatability. 


2) Sensor probe performance:  +/- 2% of reading, 0-5000 fpm, 


0.15°F temperature accuracy +/-. 
7.  Transmitter: 


a. Flow measuring array to include a transmitter for flow and 
temperature analog output signal for the building energy 
management system to be user selectable in either 4-20 mA or 0-
10VDC.  Coordinate signal output with controls installer. 


b. Transmitter to include an analog airflow gauge to provide direct 
analog readout in cfm.  Mount on the outside of the air handler if air 
handler is located in a mechanical room.  Mount in a NEMA 3R 
control cabinet if located outside. 


c. Device to provide switch selectable Modbus or Johnson N2 outputs.  
d. Device to be UL listed.  
e. The transmitter shall be powered by 24 VAC, shall include over-


voltage and over-current protection, and shall include watchdog 
circuitry to ensure continuous operation following power failures 
and/or brown- outs. 


f. The transmitter shall determine the airflow rate and temperature of 
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each sensing node prior to averaging. 
g. The transmitter shall include self-diagnostics and other features to 


ensure reliability and continued operation despite a limited failure.  
The transmitter shall automatically detect sensor damage and 
correctly calculate the average using the remaining functional 
sensor nodes, while reporting a system fault over the network and 
by local visual indication. 


h. All integrated circuits shall be industrial rated for operation down to -
40°F (-40°C). 


j. The environmental operating temperature limits for the transmitter shall be -
20°F to 120°F (-28.8°C to 48.8°C). 


k. The system shall be factory tested prior to shipment and not require 
calibration or adjustment over the life of the equipment when installed in 
accordance to manufacturer’s guidelines.   


l. The Sensors shall be calibrated to NIST traceable standards.   
8. Airflow measuring station to be by Ebtron, KURZ, Fluid Components and 


Sierra Instruments or equal. 


Q. BTU Meters 
1. Onicon System-10-BAC BTU meter with Lonworks interface with matched 


temperature sensors and thermo-wells, NEMA 13 wall mount enclosure, or 
equal.  Provide with Onicon F-1100 single turbine insertion flow meter, or 
Onicon F-3500 electromagnetic flow meter, 316 stainless steel, weather 
tight aluminum enclosure, and standard or copper installation kit including 1” 
full port bronze ball valve, close nipple, and branch outlet. 


2.10 ACTUATORS 


A. Electronic Actuators 
1. Manufactured, brand labeled or distributed by Belimo, or equal. 
2. Size for torque required for damper seal at load conditions. 
3. Coupling: V-bolt dual nut clamp with a V-shaped, toothed cradle. 
4. Mounting: Actuators shall be capable of being mechanically and electrically 


paralleled to increase torque if required. 
5. Overload protected electronically throughout rotation. 
6. Fail-Safe Operation: Mechanical, spring-return mechanism  
7. Electronic Fail-Safe Operation: Incorporate a visual indication of the fail safe 


status on the face of the actuator.  The power fail position shall be field 
adjustable between 0 to 100% in 10o increments.  The electronic fail safe 
shall have a 2-10 second adjustable operational delay. 


8. Power Requirements (Spring Return): 24-V ac, maximum 10 VA  at 24-V ac 
or 8 W at 24-V dc (running).  Maximum 1 VA at 24-V ac or 1 W at 24-V dc 
(holding). 


9. Proportional Actuators shall be fully programmable through an onboard 
EEPROM by using an external cable and software interface. 


10. Temperature Rating: -22 to +122ºF.  
11. Housing:  Minimum requirement NEMA type 2 mounted in any orientation.  . 
12. Agency Listings:  ISO 9001, cULus, CE or CSA  
13. The manufacturer shall warrant all components for a period of 5 years from 


the date of production, with the first two years unconditional. 


B. Actuators with torque requirements exceeding 360 inch pounds  
1. Manufactured, brand labeled or distributed by Belimo, or equal. 
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2. The combination of valve and actuator shall meet the close-off requirements 
as specified in Section 2.16.H – Butterfly Valves. 


3. Coupling: ISO 5211 mounting standards. 
4. Overload Protection: A self-resetting thermal switch embedded in the motor.   
5. Manual Override: Actuator shall be equipped with a hand wheel or shaft for 


manual override to permit operation of the actuator in the event of an 
electrical power failure  


6. Power Requirements:  24VAC, 120VAC, or 230VAC  single phase. 
7. Auxiliary Switches:  2 SPDT rated 3A at 250 VAC. 
8. Temperature Rating: -22 to +150ºF.  
9. Duty Cycle Rated 75% minimum. 
10. Housing:  Minimum requirement NEMA type 4X/ IP67 with an industrial 


quality coating.  Actuator shall have an internal heater to prevent 
condensation within the housing.  A visual indication beacon shall indicate 
position status of the device.   


11. Agency Listing:  ISO, CE, CSA 
12. The manufacturer shall warrant for 2 years from the date of production. 


2.11 CONTROL VALVES 


A. Manufacturer: 
1. Manufactured, brand labeled or distributed by Belimo, or equal. 


B. Control Valve Actuators: 
1. Size for valve close off at 150 percent of total system (head) pressure for 


two-way valves; and 100 percent of pressure differential across the valve or 
100 percent of total system (pump) head differential pressure for three-way 
valves. 


2. Coupling:  directly couple and mount to valve stem, shaft ISO-style direct-
coupled mounting pad. 


3. Non- spring return actuators shall have manual override 
4. Spring return actuators of 90 inch-pounds or above shall have manual 


override. 


C. Control Valves: 
1. Factory fabricated of type, body material, and pressure class based on 


maximum pressure and temperature rating of piping system, unless 
otherwise indicated. 


2. Sizing (Water): 
a. Two-Position:  Line size or size using a pressure differential of 1 psi. 
b. Two-Way Modulating: Size for a pressure differential across the 


valve of 4 psi at design flow, or twice the load pressure drop at 
design flow. 


c. Three-Way Modulating:  Size for a pressure differential across the 
valve of not more than 4 psi at design flow 


3. Sizing (Steam): 
a. Two-Position:  Line size or sized using 10% of inlet gauge pressure. 
b. Modulating:  15 psig or less inlet steam pressure, the pressure drop 


shall be 80% of inlet gauge pressure.  Higher than 15 psig inlet 
steam pressure the pressure drop shall be 42% of the inlet absolute 
pressure. 


4. Close-Off Pressure Rating:  Combination of actuator and trim shall provide 
minimum close-off pressure rating of 150 percent of total system head 
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pressure for two-way valves and 150 percent of the design pressure 
differential across the three-way valves. 


5. The control valve assembly shall be provided and delivered from a single 
manufacturer as a complete assembly.   


D. The manufacturer shall warrant all components for a period of 5 years from the date 
of production, with the first two years unconditional (except as noted). 


E. Pressure Independent Control Valves  
1. NPS 2 and Smaller: Forged brass body rated at no less than 400 PSI, 


chrome plated brass ball and stem, female NPT ends, dual EPDM lubricated 
O-rings and a brass or TEFZEL characterizing disc for equal percentage 
characteristic. 


2. NPS 2-1/2 through 6:  GG25 cast iron body according to ANSI Class 125, 
standard class B, stainless steel ball and blowout proof stem, flange to 
match ANSI 125  with a dual EPDM O-ring packing design, PTFE seats, and 
a stainless steel flow characterizing disc.   


3. The control valve assembly  shall have an integral magnetic flow meter 
Magnetic flow meter to accurately control the flow from 0 to 100% full rated 
flow with an operating pressure differential range of 5 to 50 PSID across the 
valve with a valve body accuracy of +/- 5% variance due to differential 
pressure fluctuation or +/- 10% total assembly error incorporating differential 
pressure fluctuation, .manufacturing tolerances and valve hysteresis  


4. Flow Characteristics: NPS 1/2” through 2” Equal percentage characteristic.  
NPS 2-1/2” through 6” capable of Equal percentage or Linear characteristic 
(field programmable). 


5. All proportional actuators shall be capable of being electronically 
programmed in the field by use of external computer software or a dedicated 
handheld tool for the adjustment of flow.  Programming using actuator 
mounted switches or multi-turn actuators are not acceptable.  


6. Actuators for 3-wire floating (tri-state) and on 2 position (on/off) on 1/2” to 1” 
pressure independent control valves shall fail in place.  


7. Water Coil optimization 2-1/2” through 6” shall be accomplished by utilizing 
Belimo’s  energy meter (a pressure independent control valve assembly) 
with two integral temperature sensors providing feedback of coil inlet and 
coil outlet water temperature; and integral magnetic flow meter for control 
and to provide actual analog flow feedback.  Valve assembly to have built in 
intelligence to control pressure independently and a Delta T Manager mode 
to mitigate low delta T syndrome by referencing an internally programmed 
design delta T setpoint.  Valve assembly shall be capable of communicating 
data by means of Lonworks MS/TP, Lonworks I/P and TCP IP. Data to 
include, but not be limited to, inlet and outlet coil water temperatures, valve 
position, absolute flow, absolute valve position, absolute power and 
heating/cooling energy in BTU/hr.  Valve assembly shall be capable of 
trending and storing up to 13 months of data on the actuator.  Trended data 
on actuator to be retrievable via TCP IP or direct connect and download to 
*.csv file format. 


8. The manufacturer shall provide a published commissioning procedure 
following the guidelines of the National Environmental Balancing Bureau 
(NEBB) and the Testing Adjusting Balancing Bureau (TABB).  


9. The control valve shall require no maintenance and shall not include 
replaceable cartridges. 


10. NPS 2” and smaller pressure independent control valves for individual coil 
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control shall be provided as part of a pipe package supplied by the valve 
manufacturer.  The supply side of the coil shall contain an integrated 
isolation ball valve/manual air vent with strainer/shut-off valve/drain with 
pressure/temperature test ports.  The return side shall contain a union fitting 
with a pressure/temperature test port, pressure independent control valve, 
and integrated isolation ball valve/manual air vent with a 
pressure/temperature test port.  Shut-off valves as an integrated part of the 
pressure independent control valve are prohibited.  A braided stainless 
flexible hose shall be provided for each coil supply and return connection for 
all pipe packages. 


F. Characterized Control Valves: 
1. NPS 1/2” and smaller for Terminal Units :  Nickel plated forged brass body 


rated at no less than 600 psi WOG Water oil gas, chrome plated brass 
Stainless steel stem is an option ball and blowout proof stem, female NPT 
end fittings, with a dual EPDM O-Ring packing design, fiberglass reinforced 
Teflon seats, and a TEFZEL flow characterizing disc. 


2. NPS 1” through 2”: Nickel-plated forged brass body rated at no less than 
400 psi, stainless steel ball and blowout proof stem, female NPT end fittings, 
with a dual EPDM O-ring packing design, fiberglass reinforced Teflon seats, 
and a TEFZEL flow characterizing disc. 


3. NPS 2-1/2” through 6”: GG25 cast iron body according to ANSI Class 125, 
standard class B, stainless steel ball, stainless steel blowout proof stem, 
flange to match ANSI 125 with a dual EPDM O-ring package design, PTFE 
seats, and a stainless steel flow characterizing disc. 


4. Flow Characteristics: Equal percentage characteristics. 
5. Six-way control valve used for chilled beam applications shall have the 


following characteristics: 
a. NPS 1/2” and 3/4”:  Nickel plated forged brass body rated at no less 


than 600 psi, dual chrome plated brass ball and blowout proof 
stems, and female NPT end fittings.  Each three-way portion of the 
6-way valve body shall have EPDM O-Ring packing design, 
fiberglass reinforced Teflon seats, and a TEFZEL flow 
characterizing disc. 


b. The six-way control valve shall be controlled by a rotary actuator for 
managing two media in a modulating application.  The valve shall 
be closed to all flow at mid-rotation. 


G. Butterfly Valves – Resilient Seat: 
1. NPS 2 to 12:  Valve body shall be full lugged cast iron 200 psig body with a 


304 stainless steel disc, EPDM seat, extended neck and shall meet ANSI 
Class 125/150 flange standards.  Disc-to-stem connection shall utilize an 
internal spline.  The shaft shall be supported at four locations by RPTFE 
bushings. 


2. NPS 14 and Larger:  Valve body shall be full lugged cast iron 150 psig body 
with a 304 stainless steel disc, EPDM seat, extended neck and shall meet 
ANSI Class 125/150 flange standards.  Disc-to-stem connection shall utilize 
a dual-pin method to prevent the disc from settling onto the liner.  The shaft 
shall be supported at four locations by RPTFE bushings. 


3. Sizing: 
a. Two-Position:  Line size or size using a pressure differential of 1 psi. 
b. Modulating: 4 psig or twice the load pressure drop, whichever is 


more. Size for the design flow with the disc in a 60-degree-open-
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position and a design velocity not to exceed 12 feet per second. 
4. Close-Off Pressure Rating:  NPS 2-12” 200 psi bubble tight shut-off.  NPS 


14 and larger, 150 psi bubble tight shut-off. 


H. Butterfly Valves – High Performance: 
1. Valve body shall be full lugged carbon steel ANSI Class 150 [300] body with 


a 316 stainless steel disc without a nylon coating, RTFE seat, and be ANSI 
Class 150300 flange standards.   Blowout-proof shaft shall be 17-4ph 
stainless steel and shall be supported at four locations by glass-backed TFE 
bushings.  Valve packing shall be Chevron TFE and shall include fully 
adjustable packing flange and separable packing gland.  Valve body shall 
have long stem design to allow for 2” insulation (minimum).  Valve face-to-
face dimensions shall comply with API 609 and MSS-SP-68.  Valve 
assembly shall be completely assembled and tested, ready for installation. 


2. Sizing: 
a. Two-Position: Line size or size using a pressure differential of 1 psi. 
b. Modulating: 4 psig or twice the load pressure drop, whichever is 


more.  Size for the design flow with the disc in a 60-degree-open-
position with the design velocity less than 32 feet per second. 


3. Flow Characteristics:  Modified equal percentage, unidirectional. 
4. Close-Off Pressure Rating: 150 psi bubble tight shut-off. 
5. Media Temperature Range: ANSI Class 150 limitations. 
6. Max Differential Pressure: 285 psi @ 100 deg F for ANSI 150 (725 psi @ 


100 deg F for ANSI 300). 


2.12 DOMESTIC WATER SECURITY VALVES 


A. Manufacturer: 
1. Automatic Security Valves, or equal. 


B. Scope: connect to BAS for automatic opening and closing of domestic cold water 
supply to building. 


C. Control Valve Actuator: 
1. High torque actuator, fast opening and closing to control incoming domestic 


cold water service. 
2. NEMA 6P waterproof enclosure. 
3. UL listed. 
4. Power supply input:100–240 volts, 60 Hz, 1 amp maximum.  Output 18 


volts, 2.22 amps. 
5. BAS feedback signals for valve open or closed. 
6. 12 VDC trigger contact to open valve. 


D. Control Valve: 
1. 316 stainless steel, 3-piece construction for body, ball and stem. 
2. Equipped with a manual handle for emergency override. 
3. Pressure rated to 600 psi, minimum. 
4. Full port ball valve. 
5. Threaded for sizes 1/2” to 2”. 
6. Low lead and certified for potable water use per UPC and NSF/ANSI 61. 


2.13 ENCLOSURES 
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A. All controllers, power supplies and relays shall be mounted in enclosures. 


B. Enclosures may be NEMA 1 when located in a clean, dry, indoor environment. 


C. Indoor enclosures shall be NEMA 12 when installed in other than a clean 
environment. 


D. Outdoor enclosures shall be NEMA 3R.  


E. Enclosures shall have hinged, locking doors. 


F. Provide laminated plastic nameplates for all enclosures in any mechanical room or 
electrical room.  Include location and unit served on nameplate.  Laminated plastic 
shall be 0.125 inches thick and appropriately sized to make label easy to read. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Prior to starting work, carefully inspect installed work of other trades and verify that 
such work is complete to the point where work of this Section may properly 
commence. 


B. Notify the owner’s representative in writing of conditions detrimental to the proper 
and timely completion of the work. 


C. Do not begin work until all unsatisfactory conditions are resolved.  


3.2 INSTALLATION (GENERAL) 


A. Install in accordance with manufacturer's instructions. 


B. Provide all miscellaneous devices, hardware, software, interconnections, installation, 
and programming required to ensure a complete operating system in accordance 
with the sequences of operation and point schedules. 


3.3 LOCATION AND INSTALLATION OF COMPONENTS 


A. Locate and install components for easy accessibility; in general, mount 48 inches 
above floor with minimum 3 feet of clear access space in front of units.  Obtain 
approval on locations from owner’s representative prior to installation 


B. Wall mounted temperature sensors will typically be mounted directly above or below 
light switches and comply with ADA height requirements.  Coordinate with owner, 
architect and other trades to assure proper mounted locations prior to installation. 


C. All instruments, switches, transmitters, etc., shall be suitably wired and mounted to 
protect them from vibration, moisture, and high or low temperatures. 


D. Identify all equipment and panels.  Provide permanently mounted tags for all panels. 


E. Provide stainless steel or brass thermowells suitable for respective application and 
for installation under other sections, and sized to suit pipe diameter without 
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restricting flow. 


3.4 CONDUIT  


A. Conduit Requirements: all conduit shall with comply with minimum requirements of 
local authority having jurisdiction. 
1. Low voltage wiring in concealed areas may be plenum rated.  Low voltage 


wiring in exposed areas shall be enclosed in conduit.   
a. All low voltage wiring exposed to weather shall be installed in 


conduit. 
b. Low voltage wiring in exposed areas, such as in mechanical, 


electrical, or service rooms, shall be installed in EMT conduit up to 
10 feet above finished floor.  


2. All low voltage control wiring shall be enclosed in conduit 


B. Provide conduit for low voltage wring in walls for all wall mounted sensors, CO2 
sensors, humidity sensors, etc.  Conduit shall be run to 6” above the ceiling and 
shall terminate with a bushing installed on the conduit end.    


C. Provide conduit for low voltage wiring above inaccessible ceilings.  


D. Conceal all conduits, except within mechanical, electrical, or service rooms. Install 
conduit to maintain a minimum clearance of 6 in. from high-temperature equipment 
(i.e.-such as flues or high temperature pipes). 


E. Conduit must be rigidly installed, adequately supported, properly reamed at both 
ends, and left clean and free of obstructions.  Conduit sections shall be joined with 
couplings (according to code).  Terminations must be made with fittings at boxes, 
and ends not terminating in boxes shall have bushings installed. 


F. Secure conduits with conduit clamps fastened to the structure and spaced according 
to code requirements.  Conduits and pull boxes may not be hung on flexible duct 
strap or tie rods.  Conduits may not be run on or attached to ductwork. 


G. Size of conduit and size and type of wire type shall be the responsibility of the 
contractor in keeping with the manufacturer’s recommendations and CEC 
requirements, except as noted elsewhere. 


3.5 LOW VOLTAGE INTERLOCKING AND CONTROL WIRING  


A. All control and interlock wiring shall comply with California electrical codes, and 
Division 26 of this specification, Where the requirements of this section differ from 
Division 26, the requirements of this section shall take precedence. 


B. All low-voltage wiring shall meet CEC Article 725 Class 2 requirements.  Low-
voltage power circuits shall be subfused when required to meet Class 2 current limit. 


C. Do not install Class 2 wiring in conduits containing Class 1 wiring.  Boxes and 
panels containing line voltage wiring and equipment may not be used for low-voltage 
wiring except for the purpose of interfacing the two (e.g. relays and transformers). 


D. Unless otherwise noted, power wiring for all valve and damper actuators is Class 2.  
If the BAS contractor desires to substitute 120 V actuators, the BAS contractor shall 
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provide all Class 1, 120V wiring and conduit at own expense. 


E. Contractor shall provide step-down transformers as necessary. 


F. Install insulated bushings on all conduit ends and openings to enclosures.  Seal top 
end of vertical conduits. 


G. All wire-to-device connections shall be made at a terminal block or terminal strip.  All 
wire-to-wire connections shall be at a terminal block.  Wire nuts are not acceptable.  


H. All wiring within enclosures shall be neatly bundled and anchored to permit access 
and prevent restriction to devices and terminals. 


I. All wiring shall be installed as continuous lengths, with no splices permitted between 
termination points. 


J. Use color-coded conductors throughout with conductors of different colors. 


K. Control and status relays are to be located in designated enclosures only.  These 
enclosures include packaged equipment control panel enclosures unless they also 
contain Class 1 starters. 


L. The contractor shall terminate all communications, control and/or interlock wiring 
and shall maintain updated (as-built) wiring diagrams with terminations identified at 
the job site. 


3.6 COMMUNICATION WIRING  


A. The contractor shall adhere to the wiring requirement previously listed. 


B. All cabling shall be installed in a neat and workmanlike manner. Follow 
manufacturer's installation recommendations for all communication cabling 


C. Do not install communication wiring in conduits and enclosures containing Class 1 or 
other Class 2 wiring. 


D. Maximum pulling, tension, and bend radius for the cable installation, as specified by 
the cable manufacturer, shall not be exceeded during installation. 


E. Contractor shall verify the integrity of the entire network following cable installation.  
Use appropriate test measures for each particular cable. 


F. When a cable enters or exits a building, a lightning arrestor must be installed 
between the lines and ground.  The lighting arrestor shall be installed according to 
manufacturer’s instructions. 


G. All runs of communication wiring shall be unspliced length when that length is 
commercially available. 


H. All communication wiring shall be labeled to indicate origination and destination 
data. 


I. Grounding of coaxial cable shall be in accordance with NEC regulations article on 
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"Communications Circuits, Cable, and Protector Grounding." 


J. Lonworks MS/TP communications wiring shall be installed in accordance with 
ASHRAE/ANSI Standard 135. This includes but is not limited to: 
1. The network shall use shielded, twisted-pair cable with characteristic 


impedance between 100 and 120 ohms.  Distributed capacitance between 
conductors shall be less than 100 pF per meter (30 pF per foot.) 


2. The maximum length of an MS/TP segment is 1200 meters (4000 ft) with 
AWG 18 cable.  The use of greater distances and/or different wire gauges 
shall comply with the electrical specifications of EIA-485. 


3. The maximum number of nodes per segment shall be 32, as specified in the 
EIA 485 standard.  Additional nodes may be accommodated by the use of 
repeaters. 


4. An MS/TP EIA-485 network shall have no T connections. 


K. All Ethernet cabling, routers, hubs and switches for connecting 230900 furnished 
and installed control panels, servers and clients to the building owner’s Ethernet 
network are the responsibility of the BAS contractor. 


3.7 FIELD SERVICES 


A. Prepare and start logic control system under provisions of this section. 


B. Start up and commission systems.  Allow sufficient time for startup and 
commissioning prior to placing control systems in permanent operation.  Provide all 
labor and services as necessary to support testing and verification by third party 
commissioning authority. 


C. Provide the capability for off-site monitoring at control contractor's local or main 
office.  At a minimum, off-site facility shall be capable of system diagnostics and 
software download.  Owner shall provide phone line for this service for one year or 
as specified. 


D. Provide owner's representative with spare parts list. Identify equipment critical to 
maintaining the integrity of the operating system. 


3.8 PROJECT RECORD DOCUMENTS 


A. Project Record Documents: Upon completion of installation, submit three copies of 
record (as-built) documents. The documents shall be submitted for approval prior to 
final completion and shall include: 
1. Project Record Drawings. As-built versions of the submittal shop drawings 


provided as AutoCAD 2006 (or newer) compatible files on optical media and 
as 11” x 17” prints. 


2. Testing and Commissioning Reports and Checklists. Completed versions of 
reports, checklists, and trend logs used to meet requirements of Part 3: 
“Control System Demonstration and Acceptance.” 


3. Operation and Maintenance (O & M) Manual.  
4. As-built versions of submittal product data. 
5. Names, addresses, and 24-hour telephone numbers of installing contractors 


and service representatives for equipment and control systems. 
6. Operator’s manual with procedures for operating control systems: logging 


on and off, handling alarms, producing point reports, trending data, 
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overriding computer control, and changing setpoints and variables. 
7. Programming manual or set of manuals with description of programming 


language and syntax, of statements for algorithms and calculations used, of 
point database creation and modification, of program creation and 
modification, and of editor use.  


8. Engineering, installation, and maintenance manual or set of manuals that 
explains how to design and install new points, panels, and other hardware; 
how to perform preventive maintenance and calibration; how to debug 
hardware problems; and how to repair or replace hardware. 


9. Documentation of all programs created using custom programming 
language including setpoints, tuning parameters, and object database.  


10. Graphic files, programs, and database on magnetic or optical media. 
11. List of recommended   parts with part numbers and suppliers. 
12. Complete original-issue documentation, installation, and maintenance 


information for furnished third-party hardware including computer equipment 
and sensors. 


13. Complete original-issue copies of furnished software, including operating 
systems, custom programming language, operator workstation software, 
and graphics software. 


14. Licenses, guarantees, and warranty documents for equipment and systems. 
15. Recommended preventive maintenance procedures for system 


components, including schedule of tasks such as inspection, cleaning, and 
calibration; time between tasks; and task descriptions. 


3.9 TRAINING  


A. Provide application engineer to instruct owner in operation of systems and 
equipment. 


B. Provide system operator’s training to include (but not be limited to) such items as the 
following: modification of data displays, alarm and status descriptors, requesting 
data, execution of commands and request of logs.  Provide this training to a 
minimum of three persons. 


C. Provide on-site training above as required, up to 16 hours as part of this contract.  


D. Provide tuition for at least one individual to attend for a one-week factory training 
class.  If applicable, costs for travel, lodging and meals will be the responsibility of 
the owner. 


3.10 DEMONSTRATION 


A. Demonstrate complete operating system to owner's representative. 


B. Provide certificate stating that control system has been tested and adjusted for 
proper operation. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include but not necessarily be limited to the following:



		1.3 RELATED WORK IN OTHER SECTIONS

		A. Refer to Division 0 and Division 1 for related contractual requirements.

		B. Provide certificates of calibration for all sensors required for control and monitoring including temperature and pressure.

		C. Refer to Division 23 and the following sections for Mechanical or Electrical Provision.

		D. Refer to Division 26 sections for Electrical Provisions.  Sources of 120-volt electrical power as indicated on the electrical drawings and specifications for control system components furnished by this section.  The controls contractor shall be responsible for all additional electrical distribution from these connection points to the control panels and other controls devices.

		E. BAS contractor will furnish, but not install the following:



		1.4 REFERENCE STANDARDS

		A. Comply with all San Diego State University Campus Mechanical Standards For New Construction and Renovation Capital Projects Standards.

		B. The latest edition of the following standards and codes in effect and amended as of supplier's proposal date, and any applicable subsections thereof, shall govern design and selection of equipment and material supplied:

		C. State and federal regulations and codes in effect as of contract date.

		D. Except as otherwise indicated, the system supplier shall secure and pay for all permits, inspections, and certifications required for his work, and arrange for necessary approvals by the governing authorities.



		1.5 WORK INCLUDED

		A. Furnish a distributed logic Lonworks.-based control system, including a Windows 7 Professional, Windows Server 2008 R2 or SQL Server 2008 R2-compatible operator’s workstation. The operator’s workstation, all building controllers, application controllers, and all input/output devices shall communicate using the protocols and network standards as defined by ANSI/ASHRAE Standard 135-2012, Lonworks.  Provide all necessary Lonworks compliant hardware and software to meet the system’s functional specifications. Provide Protocol Implementation Conformance Statement (PICS) for Windows-based control software and every controller in system, including unitary controllers.

		B. Prepare individual hardware layouts, interconnection drawings, and software configuration from project design data.

		C. Implement the detailed design for all analog and binary objects, system databases, graphic displays, logs, and management reports based on control descriptions, logic drawings, configuration data, and bid documents.

		D. Design, provide, and install all equipment cabinets, panels, data communication network cables needed, and all associated hardware.

		E. Provide and install all interconnecting cables between supplied cabinets, application controllers, and input/output devices.  

		F. Provide and install all interconnecting cables between all operator’s terminals and peripheral devices (such as printers, etc.) supplied under this section.

		G. Provide complete manufacturer’s specifications for all items that are supplied. Include vendor name of every item supplied.

		H. Provide supervisory specialists and technicians at the job site to assist in all phases of system installation, startup, and commissioning.

		I. Provide a comprehensive operator and technician training program as described herein.

		J. Provide as-built documentation, operator’s terminal software, a software key for one additional computer, diagrams, and all other associated project operational documentation (such as technical manuals) on approved media, the sum total of which accurately represents the final system.

		K. Provide new sensors, dampers, valves, and install only new electronic actuators. No used components shall be used as any part or piece of installed system. 



		1.6 SYSTEM DESCRIPTION

		A. A distributed logic control system complete with all software and hardware functions shall be provided and installed. System shall be completely based on ANSI/ASHRAE Standard 135-2012, Lonworks and achieved listing under the Lonworks. Testing Laboratories Lonworks - Advanced Workstation Software (B-AWS). This system is to control all mechanical equipment, including all unitary equipment such as VAV boxes, fan-coils, etc., and all air handlers, boilers, chillers, and any other listed equipment using native Lonworks-compliant components. Non- Lonworks-compliant or proprietary equipment or systems (including gateways) shall not be acceptable and are specifically prohibited.

		B. Operator’s workstation software shall use Windows 7 Professional, Windows Server 2008 R2 or SQL Server 2008 R2 as the computer operating system. The Energy Management and Control Lonworks protocols. Software functions delivered on this project shall include password protection, scheduling (including optimum start), alarming, logging of historical data, full graphics including animation, after-hours billing program, demand limiting, and a full suite of field engineering tools including graphical programming and applications. 

		C. Building controllers shall include complete energy management software, including scheduling building control strategies with optimum start and logging routines. All energy management software and firmware shall be resident in field hardware and shall not be dependent on the operator’s terminal. Operator’s terminal software is to be used for access to field-based energy management functions only. Provide zone-by-zone direct digital logic control of space temperature, scheduling, runtime accumulation, equipment alarm reporting, and override timers for after-hours usage. 

		D. All application controllers for every piece of controlled equipment shall be fully programmable.  Application controllers shall be mounted next to controlled equipment and communicate with building controller through Lonworks LAN.

		E. Room sensors shall be provided with digital readout that allow the user to view room temperature, CO2 or relative humidity, adjust the room setpoint within preset limits and set desired override time. User shall also be able to start and stop unit from the digital sensor. Include all necessary wiring and firmware such that room sensor includes field service mode. Field service mode shall allow a technician to balance VAV zones and access any parameter in zone controller directly from the room sensor. Field service mode shall have the ability to be locked out.



		1.7 APPROVED MANUFACTURERS

		A. The base bid for controls shall be the Lonworks system.  Approved BAS Manufacturers/Contractors include:



		1.8 QUALITY ASSURANCE

		A. The BAS shall be designed, installed, commissioned, and serviced by contractor authorized and trained personnel.  System provider shall have an in-place support facility within two (2) hours response time of the site with technical staff, spare parts inventory, and necessary test and diagnostic equipment.

		B. The manufacturer and installer shall have a minimum of 5 years of demonstrated technical expertise and experience in the manufacture, installation and maintenance of BAS systems similar in size and complexity to this project.  A list of successful past projects of similar type, size and complexity shall be submitted.  In addition, a reference list of names, addresses and telephone numbers of the design Engineer and the Owner’s representative for each installation shall be provided.  The references may be contacted and questioned about the timely delivery, installation, operation and service received for each installation. 

		C. The contractor shall provide experienced project manager for this work, responsible for direct supervision of the design, installation, start-up and commissioning of the BAS system.

		D. The Bidder shall be regularly engaged in the design, installation and maintenance of BAS systems and shall have demonstrated technical expertise and experience in the manufacture, installation and maintenance of BAS systems similar in size and complexity to this project. Bidders shall provide a list of at least 10 projects, similar in size and scope to this project completed within the past 3 years.

		E. Materials and equipment shall be manufacturer's latest standard design that complies with the specification requirements.

		F. All BAS peer-to-peer network controllers, central system controllers and local user displays shall be UL Listed under Standard UL 916, category PAZX.

		G. All electronic equipment shall conform to the requirements of FCC Regulation, Part 15, Governing Radio Frequency Electromagnetic Interference and be so labeled.

		H. Control system shall be engineered, programmed and supported completely by representative’s local office that must be within 100 miles of project site.

		I. Control components shall be products of the same manufacturer only, unless indicated otherwise and approved by Owner’s representative.  Example – all valves shall by one manufacturer and all temperature sensors shall be by one manufacturer.



		1.9 SUBMITTALS

		A. Drawings

		B. System Documentation

		C. Project Management



		1.10 WARRANTY

		A. Warrant work as follows:





		PART 2 - PRODUCTS

		A. Distech Controls. or approved equal. If a Distech Controls branded product or a Distech Controls product branded otherwise is used, it must be programmed and fully accessible by utilizing the Tridium AX plugins freely available on Distech's website. The provided controllers must not utilize any proprietary drivers or jar files other than the ones provided directly from Distech and available for download by the campus. At the time of acceptance the controllers must use the latest stable firmware release from Distech.

		B. Comply with all San Diego State University Campus Mechanical Standards For New Construction and Renovation Capital Projects Standards.



		2.2 OPERATOR’S WORKSTATION

		A. General structure of workstation interaction shall be a standard client/server relationship.  Server shall be used to archive data and store system database.  Clients shall access server for all archived data.  Each client shall include flexibility to access graphics from server or local drive.  Server shall support a minimum of 50 simultaneous clients.

		B. Primary Operator Workstation Hardware

		C. Coordinate with existing Operator’s Workstation on-site.

		D. Displays

		E. Password Protection

		F. Operator Activity Log

		G. Scheduling

		H. Alarm Indication and Handling.

		I. Trendlog Information

		J. Energy Log Information

		K. Demand Limiting 

		L. Tenant Activity

		M. Reports

		N. Configuration/Setup

		O. Field Engineering Tools

		P. Workstation Hardware

		Q. Software 



		2.3 WEB INTERFACE

		A. General

		B. Browser Technology

		C. Communications 

		D. Display of Data

		E. Time Schedule Adjustment

		F. Logging of Information

		G. Alarm Handling

		H. Web Page Generation

		I. Password Security and Activity Log

		J. Lonworks Communication



		2.4 BUILDING NETWORK CONTROLLER 

		A. Building Network Controller

		B. Building network controller modules shall provide normal 7-day scheduling, holiday scheduling and event scheduling.

		C. Ethernet – MS/TP Module

		D. MS/TP Module

		E. Power Supply Module

		F. Modbus Module



		2.5 APPLICATION CONTROLLERS – GENERAL

		A. All application controllers shall include universal inputs with 10-bit resolution that can accept 3K and 10K thermistors, 0–5VDC, 4–20mA, dry contact signals and a minimum of 3 pulse inputs. Any input on controller may be either analog or digital.  Controller shall also include support and modifiable programming for interface to intelligent room sensor.  Controller shall include binary outputs on board with analog outputs as needed. 

		B. All program sequences shall be stored on board controller in memory.  No batteries shall be needed to retain logic program.  All program sequences shall be executed by controller 10 times per second and shall be capable of multiple PID loops for control of multiple devices. Programming of application controller shall be completely modifiable in the field over installed Lonworks LANs or remotely through modem interface.  Operator shall program logic sequences by graphically moving function blocks on screen and tying blocks together on screen.  Application controller shall be programmed using same programming tools as building controller and as described in operator workstation section.  All programming tools shall be provided and installed as part of system. 

		C. Provide all application controllers with a minimum of 10% spare points for analog input, analog output, digital input and digital output signals. 



		2.6 APPLICATION CONTROLLERS –AIR HANDLER OR CENTRAL PLANT

		A. Provide one or more native Lonworks application controllers to adequately cover all objects listed in object list.  All controllers shall interface to building controller through MS/TP LAN using Lonworks protocol.  No gateways shall be used.  Controllers shall include input, output and self-contained logic program as needed for complete control of units. Controllers shall be fully programmable using graphical programming blocks.  Programming tool shall be resident on operator workstation and be the same tool as used for the building controller.  No auxiliary or non- Lonworks controllers shall be used. 

		B. Programming of application controller shall be completely modifiable in the field over installed Lonworks LANs or remotely using modem interface.  Operator shall program logic sequences by graphically moving function blocks on screen and tying blocks together on screen.  Application controller shall be programmed using programming tools as described in operator’s terminal section. 

		C. Application controller shall include support for intelligent room sensor.  Display on intelligent room sensor shall be programmable at application controller and include an operating mode and a field service mode.  All button functions and display data shall be programmable to show specific controller data in each mode, based on which button is pressed on the sensor.  See sequence of operation for specific display requirements at intelligent room sensor. 

		D. Schedules

		E. Logging Capabilities

		F. Alarm Generation  

		G. The packaging of the controller shall provide operable doors to cover the terminals once installation is complete. The housing of the controller shall provide for DIN rail mounting and also fully enclose circuit board.



		2.7 APPLICATION CONTROLLER – UNITARY MECHANICAL EQUIPMENT 

		A. Provide one native Lonworks application controller for each piece of unitary mechanical equipment that adequately covers all objects listed in object list for unit.  All controllers shall interface to building controller through MS/TP LAN using Lonworks protocol.  No gateways shall be used.  Controllers shall include input, output and self-contained logic program as needed for complete control of unit.



		2.8 APPLICATION CONTROLLER - VAV BOX—SINGLE DUCT 

		A. Provide one native Lonworks application controller for each VAV box that adequately covers all objects listed in object list for unit.  All controllers shall interface to building controller through MS/TP LAN using Lonworks protocol.  No gateways shall be used. Controllers shall include on board CFM flow sensor, inputs, outputs and programmable, self-contained logic program as needed for control of units.

		B. On board flow sensor shall be microprocessor-driven and pre-calibrated at the factory. All factory calibration data shall be stored in non-volatile memory.  Calibration data shall be field adjustable to compensate for variations in VAV box type and installation.  All calibration parameters shall be adjustable through intelligent room sensor.  Operator’s workstation, portable computers, and special hand-held field tools shall not be needed for field calibration.

		C. Provide duct temperature sensor at discharge of each VAV box that is connected to controller for reporting back to operator’s workstation.

		D. VAV shall be capable of supporting dual maximum air flows for heating and cooling.



		2.9 AUXILLIARY CONTROL DEVICES

		A. Temperature Sensors

		B. Intelligent Room Temperature Sensor with LCD Readout 

		C. Wireless Wall Sensor 

		D. Humidity Sensors

		E. Dewpoint Sensors 

		F. Moisture Senor, pipe, strap on:

		G. CO2 Sensors

		H. CO2, Humidity, Temperature Combined Sensor (Duct and Wall)

		I. Leak Detector

		J. Differential pressure transmitters: Duct, building static, and water pressure

		K. Differential pressure switches

		L. Current Sensors

		M. Flow Meters – Liquid: 

		N. Flow Meters Natural Gas 

		O. Flow Meters Steam 

		P. Airflow Measuring Arrays

		Q. BTU Meters



		2.10 ACTUATORS

		A. Electronic Actuators

		B. Actuators with torque requirements exceeding 360 inch pounds 



		2.11 CONTROL VALVES

		A. Manufacturer:

		B. Control Valve Actuators:

		C. Control Valves:

		D. The manufacturer shall warrant all components for a period of 5 years from the date of production, with the first two years unconditional (except as noted).

		E. Pressure Independent Control Valves 

		F. Characterized Control Valves:

		G. Butterfly Valves – Resilient Seat:

		H. Butterfly Valves – High Performance:



		2.12 DOMESTIC WATER SECURITY VALVES

		A. Manufacturer:

		B. Scope: connect to BAS for automatic opening and closing of domestic cold water supply to building.

		C. Control Valve Actuator:

		D. Control Valve:



		2.13 ENCLOSURES

		A. All controllers, power supplies and relays shall be mounted in enclosures.

		B. Enclosures may be NEMA 1 when located in a clean, dry, indoor environment.

		C. Indoor enclosures shall be NEMA 12 when installed in other than a clean environment.

		D. Outdoor enclosures shall be NEMA 3R. 

		E. Enclosures shall have hinged, locking doors.

		F. Provide laminated plastic nameplates for all enclosures in any mechanical room or electrical room.  Include location and unit served on nameplate.  Laminated plastic shall be 0.125 inches thick and appropriately sized to make label easy to read.



		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Prior to starting work, carefully inspect installed work of other trades and verify that such work is complete to the point where work of this Section may properly commence.

		B. Notify the owner’s representative in writing of conditions detrimental to the proper and timely completion of the work.

		C. Do not begin work until all unsatisfactory conditions are resolved. 



		3.2 INSTALLATION (GENERAL)

		A. Install in accordance with manufacturer's instructions.

		B. Provide all miscellaneous devices, hardware, software, interconnections, installation, and programming required to ensure a complete operating system in accordance with the sequences of operation and point schedules.



		3.3 LOCATION AND INSTALLATION OF COMPONENTS

		A. Locate and install components for easy accessibility; in general, mount 48 inches above floor with minimum 3 feet of clear access space in front of units.  Obtain approval on locations from owner’s representative prior to installation

		B. Wall mounted temperature sensors will typically be mounted directly above or below light switches and comply with ADA height requirements.  Coordinate with owner, architect and other trades to assure proper mounted locations prior to installation.

		C. All instruments, switches, transmitters, etc., shall be suitably wired and mounted to protect them from vibration, moisture, and high or low temperatures.

		D. Identify all equipment and panels.  Provide permanently mounted tags for all panels.

		E. Provide stainless steel or brass thermowells suitable for respective application and for installation under other sections, and sized to suit pipe diameter without restricting flow.



		3.4 CONDUIT 

		A. Conduit Requirements: all conduit shall with comply with minimum requirements of local authority having jurisdiction.

		B. Provide conduit for low voltage wring in walls for all wall mounted sensors, CO2 sensors, humidity sensors, etc.  Conduit shall be run to 6” above the ceiling and shall terminate with a bushing installed on the conduit end.   

		C. Provide conduit for low voltage wiring above inaccessible ceilings. 

		D. Conceal all conduits, except within mechanical, electrical, or service rooms. Install conduit to maintain a minimum clearance of 6 in. from high-temperature equipment (i.e.-such as flues or high temperature pipes).

		E. Conduit must be rigidly installed, adequately supported, properly reamed at both ends, and left clean and free of obstructions.  Conduit sections shall be joined with couplings (according to code).  Terminations must be made with fittings at boxes, and ends not terminating in boxes shall have bushings installed.

		F. Secure conduits with conduit clamps fastened to the structure and spaced according to code requirements.  Conduits and pull boxes may not be hung on flexible duct strap or tie rods.  Conduits may not be run on or attached to ductwork.

		G. Size of conduit and size and type of wire type shall be the responsibility of the contractor in keeping with the manufacturer’s recommendations and CEC requirements, except as noted elsewhere.



		3.5 LOW VOLTAGE INTERLOCKING AND CONTROL WIRING 

		A. All control and interlock wiring shall comply with California electrical codes, and Division 26 of this specification, Where the requirements of this section differ from Division 26, the requirements of this section shall take precedence.

		B. All low-voltage wiring shall meet CEC Article 725 Class 2 requirements.  Low-voltage power circuits shall be subfused when required to meet Class 2 current limit.

		C. Do not install Class 2 wiring in conduits containing Class 1 wiring.  Boxes and panels containing line voltage wiring and equipment may not be used for low-voltage wiring except for the purpose of interfacing the two (e.g. relays and transformers).

		D. Unless otherwise noted, power wiring for all valve and damper actuators is Class 2.  If the BAS contractor desires to substitute 120 V actuators, the BAS contractor shall provide all Class 1, 120V wiring and conduit at own expense.

		E. Contractor shall provide step-down transformers as necessary.

		F. Install insulated bushings on all conduit ends and openings to enclosures.  Seal top end of vertical conduits.

		G. All wire-to-device connections shall be made at a terminal block or terminal strip.  All wire-to-wire connections shall be at a terminal block.  Wire nuts are not acceptable. 

		H. All wiring within enclosures shall be neatly bundled and anchored to permit access and prevent restriction to devices and terminals.

		I. All wiring shall be installed as continuous lengths, with no splices permitted between termination points.

		J. Use color-coded conductors throughout with conductors of different colors.

		K. Control and status relays are to be located in designated enclosures only.  These enclosures include packaged equipment control panel enclosures unless they also contain Class 1 starters.

		L. The contractor shall terminate all communications, control and/or interlock wiring and shall maintain updated (as-built) wiring diagrams with terminations identified at the job site.



		3.6 COMMUNICATION WIRING 

		A. The contractor shall adhere to the wiring requirement previously listed.

		B. All cabling shall be installed in a neat and workmanlike manner. Follow manufacturer's installation recommendations for all communication cabling

		C. Do not install communication wiring in conduits and enclosures containing Class 1 or other Class 2 wiring.

		D. Maximum pulling, tension, and bend radius for the cable installation, as specified by the cable manufacturer, shall not be exceeded during installation.

		E. Contractor shall verify the integrity of the entire network following cable installation.  Use appropriate test measures for each particular cable.

		F. When a cable enters or exits a building, a lightning arrestor must be installed between the lines and ground.  The lighting arrestor shall be installed according to manufacturer’s instructions.

		G. All runs of communication wiring shall be unspliced length when that length is commercially available.

		H. All communication wiring shall be labeled to indicate origination and destination data.

		I. Grounding of coaxial cable shall be in accordance with NEC regulations article on "Communications Circuits, Cable, and Protector Grounding."

		J. Lonworks MS/TP communications wiring shall be installed in accordance with ASHRAE/ANSI Standard 135. This includes but is not limited to:

		K. All Ethernet cabling, routers, hubs and switches for connecting 230900 furnished and installed control panels, servers and clients to the building owner’s Ethernet network are the responsibility of the BAS contractor.



		3.7 FIELD SERVICES

		A. Prepare and start logic control system under provisions of this section.

		B. Start up and commission systems.  Allow sufficient time for startup and commissioning prior to placing control systems in permanent operation.  Provide all labor and services as necessary to support testing and verification by third party commissioning authority.

		C. Provide the capability for off-site monitoring at control contractor's local or main office.  At a minimum, off-site facility shall be capable of system diagnostics and software download.  Owner shall provide phone line for this service for one year or as specified.

		D. Provide owner's representative with spare parts list. Identify equipment critical to maintaining the integrity of the operating system.



		3.8 PROJECT RECORD DOCUMENTS

		A. Project Record Documents: Upon completion of installation, submit three copies of record (as-built) documents. The documents shall be submitted for approval prior to final completion and shall include:



		3.9 TRAINING 

		A. Provide application engineer to instruct owner in operation of systems and equipment.

		B. Provide system operator’s training to include (but not be limited to) such items as the following: modification of data displays, alarm and status descriptors, requesting data, execution of commands and request of logs.  Provide this training to a minimum of three persons.

		C. Provide on-site training above as required, up to 16 hours as part of this contract. 

		D. Provide tuition for at least one individual to attend for a one-week factory training class.  If applicable, costs for travel, lodging and meals will be the responsibility of the owner.



		3.10 DEMONSTRATION

		A. Demonstrate complete operating system to owner's representative.

		B. Provide certificate stating that control system has been tested and adjusted for proper operation.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 DESCRIPTION OF WORK 


A. A laboratory airflow control system shall be furnished under this section. The exhaust 
volume of a laboratory fume hood shall be controlled precisely to maintain a constant 
average face velocity into the fume hood to ensure the capture and containment of 
fumes.  The control system shall maintain the airflow balance by accurately 
controlling the airflow into and out of laboratory rooms and maintaining a net negative 
(or positive) pressurization.  The control system shall provide a means for 
maintaining the minimum ventilation requirements (air exchange rate) and 
maintaining temperature control in the laboratory. 


B. The system shall include separate, stand-alone electronic or digital control panels, 
one per pressurization zone, general room exhaust valves, supply air make-up 
valves, hood exhaust valves, hood fume sash position sensors, fume hood monitors, 
constant volume air flow control valves, and control connections between devices. 


C. The specified air flow control system’s constant volume valves do not require 
pneumatic air, power wiring or control wiring, except where indicated on details. Air 
flow control systems requiring pneumatic air, power wiring or control wiring for 
constant volume valves are required to furnish and install whatever additional 
support is needed to provide a complete and operational system. The cost of this 
additional support shall be included in the airflow control systems vendors bid. 


D. The specified control system’s airflow control valves are inlet and discharge 
insensitive. Air flow control systems requiring minimum duct diameters are required 
to furnish and install whatever additional ductwork is needed for proper system 
operation and published ASHRAE industrial ventilation handbook requirements. The 
construction of airflow probes shall conform to the concentric circles process for 
measurement. The cost of this additional ductwork, fittings, engineering, and 
coordination shall be included. 


E. Volumetric Pressurization control is the basis of design for this project with the 
corridor fed a constant amount of air and room offsets held constant. Through the 
wall pressure sensing is not acceptable, and is specifically excluded. 


F. Any electronic to pneumatic converters required shall be factory mounted.  Where 
airflow control valves are to be combined with airflow sensors, the flow sensor and 
transmitter shall be installed at he factory, and calibrated in an NIST traceable wind 
tunnel per AMCA Standard 610-93, “Methods of Testing Airflow Measurement 
Stations for Rating” Figure 3 without airflow straighteners and the 8.5 D dimension 
reduced to 2D. 


1.3 RELATED WORK DESCRIBED ELSEWHERE: 
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A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230900:  Building Automation System (BAS) Controls 


C. Section 233113:  Air Distribution 


D. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Source Quality Control: 
1. Air control equipment, with the exception of pneumatic tubing, fittings, wire, 


conduit and other standard marketed apparatus, shall bear the nameplate of 
the specified “Manufacturer”. 


2. Bids by wholesalers, contractors, and/or franchised dealers without a 
minimum of ten successfully completed projects are not acceptable.  Provide 
references to demonstrate compliance. 


3. Primary equipment shall be the product of a single manufacturer except 
where indicated otherwise in the specifications or on the drawings.  The 
laboratory pressurization and fume hood controls are to be the product of 
that manufacturer. 


4. The laboratory control manufacturer shall have a minimum of 10 years 
experience in laboratory airflow control. 


5. Laboratory pressurization and fume hood velocity control: 
a. The manufacturer shall have successful customer installations of the 


specified fume hood control system in operations for a period of over 
five years, and shall submit a list of these installations.  Where the 
manufacturer cannot demonstrate five years of system operation 
provide a letter of commitment from the manufacturing firm 
President stating that the firms resources will be made available to 
successfully complet the project.  The manufacturer is to further 
arrange for at least one site visit to an installation to enable the 
Owner’s Representative to view the control system in operation. 


b. The contractor shall ensure that the manufacturer provides 
instruction and installation, testing, balancing, and commissioning 
the system. Instruction shall be by personnel experienced in the 
installation and commissioning of these systems, and shall be for a 
minimum of seven days. 


6. The contractor shall ensure that the manufacturer will have qualified 
technical personnel fully commission and certify the system foe operation 
according to the sequence of operations and within specified performance 
tolerance. 


7. The manufacturer shall review the system for proper installation and shall 
warranty the system for parts and labor for five years after the system has 
been proved and accepted as complete by the Owner’s Representative. The 
manufacturer shall include two visits to the site to confirm the system is 
operating as commissioned within the first six months after acceptance. A 
report confirming proper operation shall be issued to the Owner’s 
Representative for their records. The manufacturer shall review the building 
at the end of two years. A report shall be issued to the Owner’s 
Representative reporting the status of the system. Calibration of the system 
is covered under this warranty, and any labor and materials required to keep 
this system in calibration for the five years shall be the sole responsibility of 
the laboratory pressurization and fume hood control manufacturer. The 
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submittal shall include a description and demonstration of auto-zero modules 
and software to allow for the periodic, automatic adjustment of all flow 
transmitter’s zero settings. 


B. System Turn-Over and Service: Upon completion of all system start-up and checkout 
procedures, and while mechanical systems are monitoring and controlling in a 
“normal operating” condition, the Contractor shall demonstrate the performance of 
the complete system to maintain flows, temperatures, and pressures to the Owner’s 
Representative. 


C. The manufacturer shall guarantee the airflow control system installed under this 
SECTION of the specification to be free from defects in workmanship and material 
under normal use for a period of five years after the acceptance by the pursuant to 
the system turn-over requirements. The airflow control manufacturer at no charge to 
the Owner shall correct any defects in workmanship or materials during the 
guarantee period. 


D. The airflow controls sub-contractor is to coordinate and work with the test and 
balance contractor for the performance of the balancing of the system as specified in 
Section 230800 – Mechanical Systems Commissioning and Section 230593 – 
Testing, Adjusting and Balancing. 


1.5 PRODUCT HANDLING 


A. Protection: Use all means necessary to protect airflow controls materials before, 
during and after installation and to protect the installed work and materials of all other 
trades. 


B. Replacements:  In the event of damage, immediately make all repairs and 
replacements necessary to the approval of the Owner’s Representative, and at no 
additional cost to the Owner. 


1.6 SUBMITTALS 


A. General 
1. Submit per Section 230500, airflow control panels, coordinate with controls, 


alarm contacts, thermostats, panelboards, schematic drawings, and 
accessories; the submission of individual items or portions of equipment 
required will not be acted on individually. 


2. Submit (before installation) a coordinated schedule with temperature control 
contractor of all thermostats, valves, pressure and temperature sensor, 
panels, locations for review.  Schedule shall include room or space number. 


B. Shop Drawings 
1. Submit details of system for review, which shall include valve schedules, 


local control panels, coordinated electric, piping and wiring diagrams, flow 
diagrams, and a complete description of the sequence of operation of each 
system. 


2. Use same nomenclature on flow diagrams as used on Contact Drawings, 
and adjacent to each item note the following designations or settings where 
applicable: 
a. Name of item. 
b. Range and setting. 
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c. Each room pressurized schedule. 
3. Schematic airflow control diagrams shall show proposed arrangement of 


equipment and sequence of operation. 
4. Floor plans to show location of airflow control valves, makeup air control 


panels, power supplies, required clearances, and other applicable devices. 


C. Product Data: 
1. Submit for all airflow controls and accessories mounted on same, complete 


with plastic enclosed control diagrams and sequence of operation sheet 
mounted on and clearly identified on it. 


D. Maintenance Data and Operating Instructions: Upon completion of the Work and 
prior to final acceptance, provide copies of “System’s Operation and Maintenance 
Manuals” for the installed control system in accordance with requirements of Section 
230500:  Basic Materials and Methods.  Manuals shall consist of copies of all airflow 
control submittals, including schematic diagrams, panel drawings, component part 
drawings, accessories and operation and maintenance instructions. 


E. Submit sample of service contract. 


F. Submit certified performance tests as specified. 


G. Submit written plan for commissioning and acceptance testing procedures. 


1.7 PRODUCT DELIVERY, STORAGE AND HANDLING 


A. Equipment shall be shipped in its original packages to prevent damaging or entrance 
of foreign matter. All handling and shipping shall be performed in accordance with 
manufacturer’s recommendations. 


1.8 MANUFACTURERS 


A. Accutrol / AccuValve
®
 Airflow Control Valves or equal  


PART 2 - PRODUCT 


2.1 GENERAL 


A. The airflow control valves shall include the following components: 
1. Supply Air Valves and General Exhaust Air Valves 


a. Consists of airflow control valve with vortex airflow sensor electric 
actuator.  Airflow control valves serving lab spaces with one or more 
fume hoods shall be equipped with high speed actuators (Speed of 
Response of < 1 sec).  Airflow control valves serving lab spaces 
without fume hood shall be equipped with standard speed 
actuators(Speed of Response of < 20 sec).  


b. Tracking pair air valves shall be equipped with integrated high 
performance closed loop feedback controller. 


2. Fume Hood Exhaust Air Valves  
c. Consists of airflow control valve with vortex airflow sensor, high 


speed electric actuator (Speed of Response of < 1 sec) and 
integrated high performance closed loop feedback controller. 
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2.2 SUPPLY, EXHAUST AND FUME HOOD EXHAUST AIRFLOW CONTROL VALVES 


A. The Airflow Control Valve shall be  a multichamber AccuValve
® 


or approved equal. 
1. The Airflow Control Valve shall consist of  a compression section, two airflow 


control surfaces, factory-mounted digital vortex airflow measuring device 
factory-mounted electric actuator and integral access panel. Airlfow Control 
Valves serving lab spaces with one or more fume hoods shall be equipped 
with high speed actuator with response time of < 1 sec.  Airlfow Control 
Valves serving lab spaces without fume hood shall be equipped with 
standard speed actuator with response time of < 20 sec.  


2. Tracking pair and fume hood exhaust Airflow Control Valves shall be 
equipped with integrated high performance closed-loop feedback controller 
with native BACnet.  


B. The compression section shall divide the airstream into at least two separate 
airstreams. Each airstream shall be approximately equal in size and the total open 
area shall be approximately 50% of the duct open area. The divided sections shall 
cause compression  therefore creating a more laminar flow for better airflow 
measurement and turndown.  The compression section shall be of an aerodynamic 
shape with a static regain section to insure minimal pressure drop. The valve shall 
not require any duct straight runs either upstream or downstream of the airflow valve 
to achieve required specified performance. 


C. Airflow control valves shall be a linear type and shall operate with a minimum 
turndown ratio of 8 to 1. Accuracy of the airflow valve shall be 5% of reading in the 8 
to 1 range of the damper. 


D. The airflow control valve shall be capable of being mounted in any position (360º 
mounting plane) in ductwork without the need for recalibration. It shall not be 
required to specify mounting plane when ordering valve. Airflow valves that must be 
ordered and mounted in either a vertical or horizontal plane will not be acceptable.  


E. Valve body material for Fume Hood and General Exhaust shall be 316SS; 20gauge 
for body and 16gauge for blades. Valve shaft material shall be 316SS. Coated valves 
will not be acceptable. 


F. Valve body material for supply shall be 304SS; 20gauge for body and 16gauge for 
blades. Valve shaft material shall be 316SS. Coated valves will not be acceptable. 


G. Airflow control valves shall operate without linkages, springs, levers, or bearings, in 
the airstream due to the effect of exhaust air on those materials, and shall exhibit no 
deadband or hysteresis. Airflow control valves shall be provided as “fail last position”. 
Airflow valves provided for Fume Hood Exhaust application shall be provided as “fail 
safe position”. 


H. All critical components of the airflow control valve shall be easily accessable from 
one side of the valve. All linkages shall be out of the airstream to avoid possible 
corrosion and loss of accuracy. Airflow valves that cannot be mounted with 
accessible control components (i.e. pivot arm/actuator) in the 4-8 o’clock orientation 
will not be acceptable. 


I. Airflow control valves shall be of a low pressure drop design for energy efficiency. 
Valves shall not require greater pressure drop than listed at Max CFM (Max L/s or 
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CMH) on project valve schedule or 0.3” wc (75Pa), whichever is less. Airflow control 
valves that require higher pressures to operate shall not be acceptable. The 
provision of a larger airflow control valve that is scheduled to accommodate the lower 
scheduled pressure drop will not be acceptable. Airflow control valves that require 
higher pressures to operate will not be acceptable.  


J. The airflow valve shall be complete with a digital vortex type airflow sensing device 
providing true airflow feedback for the system. Airflow valves using mechanical 
means for creating pressure independence will not be acceptable. Airflow valves 
incorporating pitot, orifice, venturi airflow or thermal airflow measurement will not be 
acceptable. 


K. Demand Based Static Pressure Reset Control (DBSPRC) – Valve must be capable 
of being utilized with a demand based static pressure reset control scheme as 
described in ASHRAE Standard 90.1-6.5.3.2.3.  
1. DBSPRC offers considerable savings in operating cost by minimizing the 


static pressure in the duct thereby allowing the supply and exhaust fans to 
operate at lower brakehorsepower. To utilize DBSPRC the airflow valve 
must incorporate airflow measurement and closed loop control. Through the 
measurement of true airflow, the valve will modulate to the proper airflow 
volume. This will occur regardless of the static pressure in the duct. 
Information on the valve postion will then be communicated to the BAS 
which will use that information to reset the static pressure in the duct to the 
minimum setpoint possible to maximize energy savings. 


2. An open loop venturi valve shall not be acceptable because it relies on a 
calibrated spring and plunger which only drives to a specific valve position 
and relies on the spring to compensate for pressure changes. Therefore 
valve position is not indicative of required static pressure in the system and a 
venturi valve cannot be used for DBSPRC. 


3. A mechanical based aiflow control valve such as a venturi valve that cannot 
meet the demand based static pressure reset control scheme as described 
in ASHRAE Standard 90.1-6.5.3.2.3 shall not be acceptable. 


4. Should a venturi valve be offered as a substitute for a low pressure drop 
closed loop control valve the contractor offering the valve must provide each 
venturi valve with a static pressure reset kit which requires duct straight runs 
of 3x Duct Diameter (upstream of venturi valve) and 4x Duct Diameter 
(downstream of venturi valve) ensuring that the pressure pickups are located 
such that they will not be susceptible to clogging or condensation within the 
tubes. The contractor substituting the venturi valve shall also be responsible 
for associated design change and field duct changes to accompany the 
requirement of straight duct run upstream and downstream of the venturi 
valve (see above). 


5. In addition to the above (Item 3) requirement, the contractor offering the 
substituted venturi valve must provide the owner the loss in operating 
savings without DBSPRC of $50,000.00 per 10,000 CFM of exhaust which 
represents the extra energy cost to the owner over the life of the building. 


L. Airflow measuring devices shall be of the Vortex Shedding type, capable of 
continuously monitoring the airflow volume of the duct served and electronically 
transmitting a signal linear to the airflow volume. Pitot, Orifice Venturi or Thermal 
Airflow sensors shall not be acceptable due to their susceptibility to coating and 
plugging of the sensors which could cause serious errors in readings and resultant 
safety issues in the room. 
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M. Individual airflow sensors shall be of rugged construction, and shall not require 
special handling during installation. Sensors shall be mounted on support bars. 
Standard materials shall be manufactured of corrosion resistant plastic.  


N. Individual velocity sensors shall not be affected by dust, temperature, pressure, or 
humidity. The sensors shall be passive in nature, with no active parts within the air 
stream. The output from individual sensors shall be linear with respect to airflow 
velocity and shall be capable of sensing airflow in one direction only. The velocity 
sensors shall not require calibration. 


O. Velocity sensing methods other than those specified shall not be acceptable. For 
another velocity sensing method to be considered it must provide the basic 
requirements for linear electronic output, turndown, accuracy, materials of 
construction, and output signal. If differential pressure devices are to be considered 
(such as pitot and venturi), dual differential pressure transmitters, the span of the 
lower transmitter being one tenth the span of the higher, with an accuracy not less 
than +/- 0.5%, shall be utilized to provide the required turndown. Orifice type devices 
shall have a Beta ratio of 0.7 or less, and shall be installed in accordance with ASME 
MFC-3M guidelines for up and downstream conditions.  


P. The airflow sensors shall be easily accessable in the valve for inspection without 
removing valve from the duct. Airflow control valves provided without built in 
inspection ports will not be acceptable. 


Q. Use of valve or damper position for calculation of airflow volume is not acceptable. 
Direct airflow measurements must be taken. 


R. Airflow control valves shall have an integral closed-loop feeedback controller. Airflow 
measurement through the vortex airflow sensor shall send the digital signal to the 
controller which modulates the low speed electric actuator to maintain desired airflow 
setpoint. The airflow setpoint shall have the capability of being provided through 
analog input, digital input, communications over BACnet MS/TP or AVC internal 
program memory. Analog output signal shall be provided for airflow and alarm 
outputs must be provided to indicate abnormal airflow conditions.  
1. Airflow Control Valve integral controller shall provide an EIA-485 port 


supporting BACnet MS/TP as a Full Master Node state machine. Field 
programming shall be accomplished through an intuitive PC based UI (User 
Interface) tool. Connection between the integral controller and the computer 
shall be provided through a USB port located on the AVC control module. 


2. Power requirement for each airflow valve with integral controller shall not 
exceed 28VA for all single valves and 55VA for dual valves. 


S. The airflow control valve shall not exceed the NC levels shown in the Table 1. NC 
levels are calculated based on the octave band sound attenuation factors shown in 
Table 2. 
1. If the airflow control device cannot meet the NC levels specified a properly 


sized silencer or sound attenuator must be used. 
2. All silencers must be of a packless design (constructed of at least 18 gauge 


316L stainless steel when used with fume hood exhaust) with a maximum 
pressure drop at the device’s maximum rated flow rate not to exceed 0.20 
inches of water. 


3. Due to the increased pressure requirements of a venturi valve if a venturi is 
submitted it must meet the NC levels specified in Table 1 with 2.0” of 
pressure across the valve instead of 1.0” for an dual chamber valve. 
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Table 1: Maximum NC Levels of Supply, Radiated and Exhaust airflow control valves 
 


Valve Size Airflow Pressure Drop ("wg) Maximum NC Level 


inches CFM AccuValve Venturi  Supply Radiated Exhaust 


6 290 1.0 2.0 <20 <20 51 


8 700 1.0 2.0 23 27 49 


10 1000 1.0 2.0 23 22 41 


12 1500 1.0 2.0 25 21 52 


14 2200 1.0 2.0 22 23 51 


12x18 2000 1.0 2.0 29 27 47 


12x24 3000 1.0 2.0 25 26 44 


12x36 4500 1.0 2.0 33 31 51 


12x48 6000 1.0 2.0 29 30 47 


 
Table 2: Octave Band Sound Attenuation Factors  
 


Radiated Sound Octave Band 


   2 3 4 5 6 7 


Environmental Effect 2 1 0 0 0 0 


Ceiling/Space Effect 16 18 20 26 31 36 


Total dB Reduction 18 19 20 26 31 36 


        


Discharge Sound Octave Band 


   2 3 4 5 6 7 


Environmental Effect 2 1 0 0 0 0 


Duct Lining 2 6 12 25 29 18 


End Reflection 9 5 2 0 0 0 


5 ft., 8 in Flex Duct 6 10 18 20 21 12 


Space Effect 5 6 7 8 9 10 


Total dB Reduction 24 28 39 53 59 40 


        


Exhaust Sound Octave Band 


   2 3 4 5 6 7 


Environmental Effect 2 1 0 0 0 0 


Space Effect 5 6 7 8 9 10 


Total dB Reduction 7 7 7 8 9 10 


              


        


The following dB adjustments are used, per ARI 885-98 for the calculation of NC above 


300 CFM 


  Octave Band 


   2 3 4 5 6 7 


300-700 CFM 2 1 1 -2 -5 -1 


Over 700 CFM 4 3 2 -2 -7 -1 
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2.3 FUME HOOD AIRFLOW VOLUME CONTROLLER 


A. Exhaust airflow volume shall be controlled based on sash position at each laboratory 
fume hood by a dedicated fume hood controller.  The fume hood controller shall be a 
fully functioning, independent control unit, capable of operating as a standalone 
element in a distributed laboratory airflow control system.  Control hardware 
distribution shall be such that the failure of one controller shall not affect any other 
fume hoods on the network. 


B. The fume hood controller shall consist of a controller, display module and sash 
position sensors. The sash position sensors shall mount physically on the fume hood 
sash and frame assemblies. 


C. The fume hood controller shall also have integral airflow measurement circuitry to 
receive a signal directly proportional to duct air velocity, from a vortex-shedding type 
airflow measuring device, for the purpose of monitoring and controlling fume hood 
airflow volume.  The signal shall be digitally processed by the controller, with no 
analog-to-digital circuitry required, eliminating A/D conversion error.  The airflow 
measurement shall be incorporated in the control sequence as performed by the 
airflow controller, and communicated to other airflow controllers, via the network, as 
required.  Measurement system accuracy shall be plus or minus 2% of volumetric 
airflow rate.  Turndown capability shall be at least 10:1. 


D. The fume hood sash shall be fitted with sash position measuring sensor(s).  Vertical 
position measuring devices shall be of the retracting drawstring potentiometer type.  
The sensors shall be permanently affixed to the fume hood structrue and the 
drawstring affixed to the moving sash frame as best fits the particular hood design.  
The monitor shall be able to accept up to four (4 sash position measuring arrays for 
applicaton on multiple-sash hoods.  The monitor shall be cable-connected to and 
powered by the controller. 


E. Horizontal  position sensors shall be magnetic reed switch type. The sensor strip 
shall mount on the hood structure and a magnet shall be affixed to each sash frame. 
 The horizontal sensing system shall be capable of  measuring any number of 
sashes for hood widths up to 16’. 


F. The controller module shall be microprocessor based.  The transmitter module shall 
be powered by 24VAC.  It shall be provided with two 4-20mA analog outputs, two 
contact inputs, a SPDT alarm relay output, and a native BACnet communications 
port. 


G. In the controller, the actual fume hood exhaust duct airflow (CFM) shall be compared 
to the desired fume hood exhaust airflow setpoint.  The setpoint shall be 
continuously reset proportional sash open area, based on sash position.  


H. Control equations shall be of the P+I type.  Microprocessor based controllers shall 
read the airflow, perform control calculations, and update the output to the damper a 
minimum of ten times per second.  Floating "Gap" control will not be acceptable.  


I. The controller shall output a 4-20mA electronic signal to a dedicated electronic 
actuator and airflow control valve, as specified elsewhere in this document. Control 
response time shall be sufficient to contain fumes at all times when the sash is 
opened. 
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J. The fume hood controller shall be fully configurable via a PC. Configuration shall be 
accomplished through an intuitive graphical interface. Fume hood controllers 
provided with menu driven configuration will not be acceptable. 


K. The Controller shall have unoccupied mode capability based upon hood proximity or 
room occupancy.   


2.4 FUME HOOD CONTROLLER DISPLAY 


A. The fume hood controller shall provide a 4-digit display to indicate the caclulated 
face velocity or actual exhaust airflow in CFM. Energy use meters shall not be 
acceptable alternatives to the digital display of the above parameters. 


B. A green LED shall indicate that face velocity is within operating condition at the fume 
hood.  A red LED indicator shall display either a high or low face velocity alarm 
condition.  When an alarm condition occurs, the alarm LED shall flash and the alarm 
beeper shall sound.  The operator shall be able to silence the beeper through a mute 
button located on the face of the fume hood display. 


C. The display shall provide the option to read in “Alpha” mode instead of numeric.   


2.5 ROOM LEVEL CONTROLLERS  


A. An Internet ready controller shall be field mounted and pre-programmed to provide 
control schemes applicable for a variety of room sequences. The controller shall be 
provided with a dual ARM processor and a built-in web server, with 16 Mbyte NOR 
Flash and 64 Mbyte SDRAM. The controller shall support BACnet and Modbus. The 
room level controller shall be powered by 24V AC/DC Power.  


B. The controller shall be provided with a minimum of 30 input and output (IO) points 
which comprise of 8 digital inputs, 8 universal inputs, 8 digital outputs, 2 open 
collector outputs and 4 analog outputs. The controller shall be also be provided with 
an Ethernet port and 2 RS485 ports. 


C. The controller shall be fully configurable via a lap-top computer or a PC utilizing a 
user-friendly Graphic User Interface software package.  Display of current readings 
of all flows, outputs, tuning values, setpoints, and status values shall be available 
through this interface.  Entry of control setpoints, and scaling and tuning constants 
shall also be provided by this interface. 


D. The LACS supplier shall provide a full documentation package to the Owner on 
completion of the project.  Documentation shall include as-built drawings, device 
lists, and controller configuration lists for each controller. 


E. Power voltage requirements for the controllers shall be 24V AC/DC.  Power can be 
provided by individual or centralized power transformers, provided by the installing 
contractor. 


F. The Controller shall have the following I/O compliment: 
1. Univeral Input:  


a. Resistance mode, input range: 0-30K Ohm, 0-10K Ohm, 0-1.5K 
Ohm  


b. Voltage mode, input range: 0-10V, 0-5V 
c. Current mode, input range: 0-20mA, 4-20mA 
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d. Thermistor: 10K, 10K Shunt, 1K Balco, 1K Platinum 
2. Digital Input:  


a. Voltage free contact input (Limit +/-5V at 500 Ohm resistance) 
3. Digital Output:  


a. Relay Contacts, SPST NO, 48VA at 24VAC, Pilot Duty 
4. Transistor Outputs:  


a. Open Collector Output, Isolation, 3.75KV 
5. Analog Outputs:  


a. Voltage mode, output range: 0-10V 
b. Current mode, output range: 0-20mA, 4-20mA 


2.6 SUPPORT SPACE ROOM TRACKING CONTROLLERS  


A. Provide a BTL Listed Native BACnet Laboratory Airflow Control room tracking 
controller. Controller shall be wall mounted and pre-programmed for the room airflow 
and temperature control sequence. The room level controller shall be powered by 
24V Power. 


B. The controller shall be have a two-piece mechanical design 


C. The controller shall have a color graphic LCD screen, animated icons and set-up 
menus for easy system configuration. 


D. The controller shall have a BACnet Schedule with hardware real-time clock and 72-
hour Real Time clock battery backup power. 


E. The controller shall be capable of being provided with an integrated motion sensor. 


F. Controller shall support and auto-detect remote temperature and occupancy sensor.  


2.7 FACE VELOCITY CONTROLLER 


A. The airflow at the fume hood shall vary in linear manner between two adjustable 
minimum and maximum flow setpoints to maintain a constant face velocity 
throughout this range.  A minimum volume shall beset to ensure flow through the 
fume hood even with the sash totally closed. 


B. The airflow through the sash can be sensed either by sash sensor or thought the wall 
sensing as follows: 
1. Through the side wall sensor shall consist of electronic velocity sensor 


mounted in a PVC shroud assembly. The sensor shall be hot-wire 
anemometer consisting of platinum elements in a glass encased assembly. 
The sensor shall be temperature compensated and produce a linear output 
voltage equivalent to 0-200 fpm. The sensor shall be mounted in accordance 
with the manufacturer’s recommendations and shall be coordinated with the 
fume hood manufacturer. The sensor shall provide an accuracy of not less 
than 1% of 0-200 fpm and shall have the capability to be field-calibrated in 
the installed condition to provide for maximum installed accuracy and 
performance. Provide one sensor for every four horizontal feet of hood. 


2. A vertical sash sensor shall be provided to measure the height of each 
vertically moving fume hood sash. A horizontal sash sensor shall be 
provided for each pair of horizontal or overlapping sashes that are located on 
horizontal, combination, California, walk-in, or distillation type fume hoods. 
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2.8 INSULATION 


A. Provide factory insulation jacket, premolded, with K valve corresponding to Title 24 
standards. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. The temperature control contractor shall install the sash sensors; interface the 
boxes, and the monitor on the fume hood. Vertical sash sensors and their stainless 
steel cables shall be hidden from view. Horizontal sash sensor bars shall be affixed 
to the individual sash panels. Sash interface boxes with interface cards shall be 
mounted within an accessible location. Fume hood monitors shall be surface mount. 


B. The controls shall wire a dedicated, single phase 120 VAC power circuit to the 
laboratory control unit. 


C. The controls contractor shall install 20 p.s.i. clean, pneumatic supply air to all 
variable volume airflow control valves specified as pneumatically actuated. 


D. The controls contractor shall terminate and connect all cables as required. All cable 
and connectors shall be furnished by the controls contractor. 


E. Linearized airflow valves shall be installed in the ductwork by the mechanical 
contractor. All reheat coils, and transitions shall be furnished and installed by the 
mechanical contractor. 


3.2 SYSTEM PERFORMANCE REQUIREMENTS 


A. The laboratory airflow control system shall be fully stand-alone for each individual 
laboratory or support area. The system shall not use or rely on information from 
controllers in other areas to control the functions within it’s area. 


B. The laboratory airflow control system shall employ individual Face Velocity 
controllers that directly measure the area of the fume hood sash opening and 
proportionally control the hood’s exhaust airflow in a variable volume mode to 
maintain a constant face velocity over a minimum range of 20 to 100% at full sash 
opening. Safety and energy saving shall be insured through a corresponding 
minimum change in hood exhaust flow of 5 to 1. Response time shall be less than 
one second with no more than a 5% overshoot or undershoot. The system shall 
achieve 90% of its final value with a full height sash movement of one second. 


C. The laboratory airflow control system shall respond and maintain specific airflow (+1-
5% of signal) and stability (5% over/undershoot) within one second of a change in 
duct static pressure irrespective of the magnitude of pressure and/or flow the 
eliminate hunting, system oscillations, and cross talk between airflow controllers. 


D. The laboratory airflow control system shall also maintain intersystem stability within 
one second of a change in pressure and/or flow to eliminate hunting, system 
oscillations, and cross talk between airflow controllers. 


E. The laboratory airflow control system shall use volumetric offset to maintain room 
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pressurization.  The system shall respond and maintain room pressurization 
(negative or positive) within one second of a change in room/system conditions. 


F. The laboratory air flow control system shall employ highly accurate airflow controllers 
(± 5% of signal) with a minimum of 10 to 1 turndown to insure accurate 
pressurization at low airflows and guarantee the maximum system diversity and 
energy efficiency. 


3.3 SYSTEM START-UP AND TRAINING 


A. System start-up shall be provided by a factory authorized representative of the 
laboratory airflow controls manufacturer.  Said start-up shall include setting of the 
fume hood face velocity and electronic verification of supply, makeup, general 
exhaust, and return airflows.  The balancing contractor shall be responsible for final 
verification and reporting to all airflows. 


B. The laboratory airflow control system manufacturer shall furnish a minimum of eight 
hours of training for the Owner's Representative to provide an overview of the job 
specific airflow control components, calibration procedures in resetting fume hood 
velocities, general procedures for verifying airflows of air valves, and general 
troubleshooting procedures. 


3.4 SEQUENCE OF OPERATION 


A. See drawings for sequence of operation. 


3.5 PROCEDURE FOR PHYSICAL INSTALLATION OF VALVES 


A. Read instruction completely prior to installing valves. 


B. Note that number on valve label matches HVAC schedule. 


C. Verify the correct airflow direction and orientation of the valve in the ductwork (e.g., 
horizontal). 


D. Allow minimum of 14 in. (36 cm) of free unobstructed space around the valve for 
access.  The valve may be installed in a 3600 rotation. 


E. Linkage Connection.  Many valves require field connection of pivot arm. 


F. For multiple valves, assemble the valve sets on the floor using duct sealant and 
fasteners.  Slip duct inside valve flange. 


G. Use duct sealant on all valve/duct/drawband connections (or flange gasket for 
circular flanges). 


H. Install a hangar stock to support the ductwork within 12 in. (30 cm) of the valve 
connection. 


I. Follow the appropriate installation diagram.  Note: screws, fasteners, duct sealant, 
hangar stock, companion flange, gaskets, and drawbands shall be provided by 
mechanical contractor. 
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J. All valves and airflow monitors installed in exhaust duct shall be installed with flanged 
connections and acid resistant gasketing. 


K. Install factory insulation jacket or supply valves.  Jacket provided by manufacturer. 


 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 DESCRIPTION OF WORK

		A. A laboratory airflow control system shall be furnished under this section. The exhaust volume of a laboratory fume hood shall be controlled precisely to maintain a constant average face velocity into the fume hood to ensure the capture and containment of fumes.  The control system shall maintain the airflow balance by accurately controlling the airflow into and out of laboratory rooms and maintaining a net negative (or positive) pressurization.  The control system shall provide a means for maintaining the minimum ventilation requirements (air exchange rate) and maintaining temperature control in the laboratory.

		B. The system shall include separate, stand-alone electronic or digital control panels, one per pressurization zone, general room exhaust valves, supply air make-up valves, hood exhaust valves, hood fume sash position sensors, fume hood monitors, constant volume air flow control valves, and control connections between devices.

		C. The specified air flow control system’s constant volume valves do not require pneumatic air, power wiring or control wiring, except where indicated on details. Air flow control systems requiring pneumatic air, power wiring or control wiring for constant volume valves are required to furnish and install whatever additional support is needed to provide a complete and operational system. The cost of this additional support shall be included in the airflow control systems vendors bid.

		D. The specified control system’s airflow control valves are inlet and discharge insensitive. Air flow control systems requiring minimum duct diameters are required to furnish and install whatever additional ductwork is needed for proper system operation and published ASHRAE industrial ventilation handbook requirements. The construction of airflow probes shall conform to the concentric circles process for measurement. The cost of this additional ductwork, fittings, engineering, and coordination shall be included.

		E. Volumetric Pressurization control is the basis of design for this project with the corridor fed a constant amount of air and room offsets held constant. Through the wall pressure sensing is not acceptable, and is specifically excluded.

		F. Any electronic to pneumatic converters required shall be factory mounted.  Where airflow control valves are to be combined with airflow sensors, the flow sensor and transmitter shall be installed at he factory, and calibrated in an NIST traceable wind tunnel per AMCA Standard 610-93, “Methods of Testing Airflow Measurement Stations for Rating” Figure 3 without airflow straighteners and the 8.5 D dimension reduced to 2D.



		1.3 RELATED WORK DESCRIBED ELSEWHERE:

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230900:  Building Automation System (BAS) Controls

		C. Section 233113:  Air Distribution

		D. Division 26:  Electrical



		1.4 QUALITY ASSURANCE

		A. Source Quality Control:

		B. System Turn-Over and Service: Upon completion of all system start-up and checkout procedures, and while mechanical systems are monitoring and controlling in a “normal operating” condition, the Contractor shall demonstrate the performance of the complete system to maintain flows, temperatures, and pressures to the Owner’s Representative.

		C. The manufacturer shall guarantee the airflow control system installed under this SECTION of the specification to be free from defects in workmanship and material under normal use for a period of five years after the acceptance by the pursuant to the system turn-over requirements. The airflow control manufacturer at no charge to the Owner shall correct any defects in workmanship or materials during the guarantee period.

		D. The airflow controls sub-contractor is to coordinate and work with the test and balance contractor for the performance of the balancing of the system as specified in Section 230800 – Mechanical Systems Commissioning and Section 230593 – Testing, Adjusting and Balancing.



		1.5 PRODUCT HANDLING

		A. Protection: Use all means necessary to protect airflow controls materials before, during and after installation and to protect the installed work and materials of all other trades.

		B. Replacements:  In the event of damage, immediately make all repairs and replacements necessary to the approval of the Owner’s Representative, and at no additional cost to the Owner.



		1.6 SUBMITTALS

		A. General

		B. Shop Drawings

		C. Product Data:

		D. Maintenance Data and Operating Instructions: Upon completion of the Work and prior to final acceptance, provide copies of “System’s Operation and Maintenance Manuals” for the installed control system in accordance with requirements of Section 230500:  Basic Materials and Methods.  Manuals shall consist of copies of all airflow control submittals, including schematic diagrams, panel drawings, component part drawings, accessories and operation and maintenance instructions.

		E. Submit sample of service contract.

		F. Submit certified performance tests as specified.

		G. Submit written plan for commissioning and acceptance testing procedures.



		1.7 PRODUCT DELIVERY, STORAGE AND HANDLING

		A. Equipment shall be shipped in its original packages to prevent damaging or entrance of foreign matter. All handling and shipping shall be performed in accordance with manufacturer’s recommendations.



		1.8 MANUFACTURERS

		A. Accutrol / AccuValve® Airflow Control Valves or equal 





		PART 2 - PRODUCT

		2.1 GENERAL

		A. The airflow control valves shall include the following components:



		2.2 SUPPLY, EXHAUST AND FUME HOOD EXHAUST AIRFLOW CONTROL VALVES

		A. The Airflow Control Valve shall be  a multichamber AccuValve® or approved equal.

		B. The compression section shall divide the airstream into at least two separate airstreams. Each airstream shall be approximately equal in size and the total open area shall be approximately 50% of the duct open area. The divided sections shall cause compression  therefore creating a more laminar flow for better airflow measurement and turndown.  The compression section shall be of an aerodynamic shape with a static regain section to insure minimal pressure drop. The valve shall not require any duct straight runs either upstream or downstream of the airflow valve to achieve required specified performance.

		C. Airflow control valves shall be a linear type and shall operate with a minimum turndown ratio of 8 to 1. Accuracy of the airflow valve shall be 5% of reading in the 8 to 1 range of the damper.

		D. The airflow control valve shall be capable of being mounted in any position (360º mounting plane) in ductwork without the need for recalibration. It shall not be required to specify mounting plane when ordering valve. Airflow valves that must be ordered and mounted in either a vertical or horizontal plane will not be acceptable. 

		E. Valve body material for Fume Hood and General Exhaust shall be 316SS; 20gauge for body and 16gauge for blades. Valve shaft material shall be 316SS. Coated valves will not be acceptable.

		F. Valve body material for supply shall be 304SS; 20gauge for body and 16gauge for blades. Valve shaft material shall be 316SS. Coated valves will not be acceptable.

		G. Airflow control valves shall operate without linkages, springs, levers, or bearings, in the airstream due to the effect of exhaust air on those materials, and shall exhibit no deadband or hysteresis. Airflow control valves shall be provided as “fail last position”. Airflow valves provided for Fume Hood Exhaust application shall be provided as “fail safe position”.

		H. All critical components of the airflow control valve shall be easily accessable from one side of the valve. All linkages shall be out of the airstream to avoid possible corrosion and loss of accuracy. Airflow valves that cannot be mounted with accessible control components (i.e. pivot arm/actuator) in the 4-8 o’clock orientation will not be acceptable.

		I. Airflow control valves shall be of a low pressure drop design for energy efficiency. Valves shall not require greater pressure drop than listed at Max CFM (Max L/s or CMH) on project valve schedule or 0.3” wc (75Pa), whichever is less. Airflow control valves that require higher pressures to operate shall not be acceptable. The provision of a larger airflow control valve that is scheduled to accommodate the lower scheduled pressure drop will not be acceptable. Airflow control valves that require higher pressures to operate will not be acceptable. 

		J. The airflow valve shall be complete with a digital vortex type airflow sensing device providing true airflow feedback for the system. Airflow valves using mechanical means for creating pressure independence will not be acceptable. Airflow valves incorporating pitot, orifice, venturi airflow or thermal airflow measurement will not be acceptable.

		K. Demand Based Static Pressure Reset Control (DBSPRC) – Valve must be capable of being utilized with a demand based static pressure reset control scheme as described in ASHRAE Standard 90.1-6.5.3.2.3. 

		L. Airflow measuring devices shall be of the Vortex Shedding type, capable of continuously monitoring the airflow volume of the duct served and electronically transmitting a signal linear to the airflow volume. Pitot, Orifice Venturi or Thermal Airflow sensors shall not be acceptable due to their susceptibility to coating and plugging of the sensors which could cause serious errors in readings and resultant safety issues in the room.

		M. Individual airflow sensors shall be of rugged construction, and shall not require special handling during installation. Sensors shall be mounted on support bars. Standard materials shall be manufactured of corrosion resistant plastic. 

		N. Individual velocity sensors shall not be affected by dust, temperature, pressure, or humidity. The sensors shall be passive in nature, with no active parts within the air stream. The output from individual sensors shall be linear with respect to airflow velocity and shall be capable of sensing airflow in one direction only. The velocity sensors shall not require calibration.

		O. Velocity sensing methods other than those specified shall not be acceptable. For another velocity sensing method to be considered it must provide the basic requirements for linear electronic output, turndown, accuracy, materials of construction, and output signal. If differential pressure devices are to be considered (such as pitot and venturi), dual differential pressure transmitters, the span of the lower transmitter being one tenth the span of the higher, with an accuracy not less than +/- 0.5%, shall be utilized to provide the required turndown. Orifice type devices shall have a Beta ratio of 0.7 or less, and shall be installed in accordance with ASME MFC-3M guidelines for up and downstream conditions. 

		P. The airflow sensors shall be easily accessable in the valve for inspection without removing valve from the duct. Airflow control valves provided without built in inspection ports will not be acceptable.

		Q. Use of valve or damper position for calculation of airflow volume is not acceptable. Direct airflow measurements must be taken.

		R. Airflow control valves shall have an integral closed-loop feeedback controller. Airflow measurement through the vortex airflow sensor shall send the digital signal to the controller which modulates the low speed electric actuator to maintain desired airflow setpoint. The airflow setpoint shall have the capability of being provided through analog input, digital input, communications over BACnet MS/TP or AVC internal program memory. Analog output signal shall be provided for airflow and alarm outputs must be provided to indicate abnormal airflow conditions. 

		S. The airflow control valve shall not exceed the NC levels shown in the Table 1. NC levels are calculated based on the octave band sound attenuation factors shown in Table 2.



		2.3 FUME HOOD AIRFLOW VOLUME CONTROLLER

		A. Exhaust airflow volume shall be controlled based on sash position at each laboratory fume hood by a dedicated fume hood controller.  The fume hood controller shall be a fully functioning, independent control unit, capable of operating as a standalone element in a distributed laboratory airflow control system.  Control hardware distribution shall be such that the failure of one controller shall not affect any other fume hoods on the network.

		B. The fume hood controller shall consist of a controller, display module and sash position sensors. The sash position sensors shall mount physically on the fume hood sash and frame assemblies.

		C. The fume hood controller shall also have integral airflow measurement circuitry to receive a signal directly proportional to duct air velocity, from a vortex-shedding type airflow measuring device, for the purpose of monitoring and controlling fume hood airflow volume.  The signal shall be digitally processed by the controller, with no analog-to-digital circuitry required, eliminating A/D conversion error.  The airflow measurement shall be incorporated in the control sequence as performed by the airflow controller, and communicated to other airflow controllers, via the network, as required.  Measurement system accuracy shall be plus or minus 2% of volumetric airflow rate.  Turndown capability shall be at least 10:1.

		D. The fume hood sash shall be fitted with sash position measuring sensor(s).  Vertical position measuring devices shall be of the retracting drawstring potentiometer type.  The sensors shall be permanently affixed to the fume hood structrue and the drawstring affixed to the moving sash frame as best fits the particular hood design.  The monitor shall be able to accept up to four (4 sash position measuring arrays for applicaton on multiple-sash hoods.  The monitor shall be cable-connected to and powered by the controller.

		E. Horizontal  position sensors shall be magnetic reed switch type. The sensor strip shall mount on the hood structure and a magnet shall be affixed to each sash frame.  The horizontal sensing system shall be capable of  measuring any number of sashes for hood widths up to 16’.

		F. The controller module shall be microprocessor based.  The transmitter module shall be powered by 24VAC.  It shall be provided with two 4-20mA analog outputs, two contact inputs, a SPDT alarm relay output, and a native BACnet communications port.

		G. In the controller, the actual fume hood exhaust duct airflow (CFM) shall be compared to the desired fume hood exhaust airflow setpoint.  The setpoint shall be continuously reset proportional sash open area, based on sash position. 

		H. Control equations shall be of the P+I type.  Microprocessor based controllers shall read the airflow, perform control calculations, and update the output to the damper a minimum of ten times per second.  Floating "Gap" control will not be acceptable. 

		I. The controller shall output a 4-20mA electronic signal to a dedicated electronic actuator and airflow control valve, as specified elsewhere in this document. Control response time shall be sufficient to contain fumes at all times when the sash is opened.

		J. The fume hood controller shall be fully configurable via a PC. Configuration shall be accomplished through an intuitive graphical interface. Fume hood controllers provided with menu driven configuration will not be acceptable.

		K. The Controller shall have unoccupied mode capability based upon hood proximity or room occupancy.  



		2.4 FUME HOOD CONTROLLER DISPLAY

		A. The fume hood controller shall provide a 4-digit display to indicate the caclulated face velocity or actual exhaust airflow in CFM. Energy use meters shall not be acceptable alternatives to the digital display of the above parameters.

		B. A green LED shall indicate that face velocity is within operating condition at the fume hood.  A red LED indicator shall display either a high or low face velocity alarm condition.  When an alarm condition occurs, the alarm LED shall flash and the alarm beeper shall sound.  The operator shall be able to silence the beeper through a mute button located on the face of the fume hood display.

		C. The display shall provide the option to read in “Alpha” mode instead of numeric.  



		2.5 ROOM LEVEL CONTROLLERS 

		A. An Internet ready controller shall be field mounted and pre-programmed to provide control schemes applicable for a variety of room sequences. The controller shall be provided with a dual ARM processor and a built-in web server, with 16 Mbyte NOR Flash and 64 Mbyte SDRAM. The controller shall support BACnet and Modbus. The room level controller shall be powered by 24V AC/DC Power. 

		B. The controller shall be provided with a minimum of 30 input and output (IO) points which comprise of 8 digital inputs, 8 universal inputs, 8 digital outputs, 2 open collector outputs and 4 analog outputs. The controller shall be also be provided with an Ethernet port and 2 RS485 ports.

		C. The controller shall be fully configurable via a lap-top computer or a PC utilizing a user-friendly Graphic User Interface software package.  Display of current readings of all flows, outputs, tuning values, setpoints, and status values shall be available through this interface.  Entry of control setpoints, and scaling and tuning constants shall also be provided by this interface.

		D. The LACS supplier shall provide a full documentation package to the Owner on completion of the project.  Documentation shall include as-built drawings, device lists, and controller configuration lists for each controller.



		2.6 SUPPORT SPACE ROOM TRACKING CONTROLLERS 

		A. Provide a BTL Listed Native BACnet Laboratory Airflow Control room tracking controller. Controller shall be wall mounted and pre-programmed for the room airflow and temperature control sequence. The room level controller shall be powered by 24V Power.

		B. The controller shall be have a two-piece mechanical design

		C. The controller shall have a color graphic LCD screen, animated icons and set-up menus for easy system configuration.

		D. The controller shall have a BACnet Schedule with hardware real-time clock and 72-hour Real Time clock battery backup power.

		E. The controller shall be capable of being provided with an integrated motion sensor.

		F. Controller shall support and auto-detect remote temperature and occupancy sensor. 



		2.7 FACE VELOCITY CONTROLLER

		A. The airflow at the fume hood shall vary in linear manner between two adjustable minimum and maximum flow setpoints to maintain a constant face velocity throughout this range.  A minimum volume shall beset to ensure flow through the fume hood even with the sash totally closed.

		B. The airflow through the sash can be sensed either by sash sensor or thought the wall sensing as follows:



		2.8 INSULATION

		A. Provide factory insulation jacket, premolded, with K valve corresponding to Title 24 standards.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. The temperature control contractor shall install the sash sensors; interface the boxes, and the monitor on the fume hood. Vertical sash sensors and their stainless steel cables shall be hidden from view. Horizontal sash sensor bars shall be affixed to the individual sash panels. Sash interface boxes with interface cards shall be mounted within an accessible location. Fume hood monitors shall be surface mount.

		B. The controls shall wire a dedicated, single phase 120 VAC power circuit to the laboratory control unit.

		C. The controls contractor shall install 20 p.s.i. clean, pneumatic supply air to all variable volume airflow control valves specified as pneumatically actuated.

		D. The controls contractor shall terminate and connect all cables as required. All cable and connectors shall be furnished by the controls contractor.

		E. Linearized airflow valves shall be installed in the ductwork by the mechanical contractor. All reheat coils, and transitions shall be furnished and installed by the mechanical contractor.



		3.2 SYSTEM PERFORMANCE REQUIREMENTS

		A. The laboratory airflow control system shall be fully stand-alone for each individual laboratory or support area. The system shall not use or rely on information from controllers in other areas to control the functions within it’s area.

		B. The laboratory airflow control system shall employ individual Face Velocity controllers that directly measure the area of the fume hood sash opening and proportionally control the hood’s exhaust airflow in a variable volume mode to maintain a constant face velocity over a minimum range of 20 to 100% at full sash opening. Safety and energy saving shall be insured through a corresponding minimum change in hood exhaust flow of 5 to 1. Response time shall be less than one second with no more than a 5% overshoot or undershoot. The system shall achieve 90% of its final value with a full height sash movement of one second.

		C. The laboratory airflow control system shall respond and maintain specific airflow (+1-5% of signal) and stability (5% over/undershoot) within one second of a change in duct static pressure irrespective of the magnitude of pressure and/or flow the eliminate hunting, system oscillations, and cross talk between airflow controllers.

		D. The laboratory airflow control system shall also maintain intersystem stability within one second of a change in pressure and/or flow to eliminate hunting, system oscillations, and cross talk between airflow controllers.

		E. The laboratory airflow control system shall use volumetric offset to maintain room pressurization.  The system shall respond and maintain room pressurization (negative or positive) within one second of a change in room/system conditions.

		F. The laboratory air flow control system shall employ highly accurate airflow controllers (± 5% of signal) with a minimum of 10 to 1 turndown to insure accurate pressurization at low airflows and guarantee the maximum system diversity and energy efficiency.



		3.3 SYSTEM START-UP AND TRAINING

		A. System start-up shall be provided by a factory authorized representative of the laboratory airflow controls manufacturer.  Said start-up shall include setting of the fume hood face velocity and electronic verification of supply, makeup, general exhaust, and return airflows.  The balancing contractor shall be responsible for final verification and reporting to all airflows.

		B. The laboratory airflow control system manufacturer shall furnish a minimum of eight hours of training for the Owner's Representative to provide an overview of the job specific airflow control components, calibration procedures in resetting fume hood velocities, general procedures for verifying airflows of air valves, and general troubleshooting procedures.



		3.4 SEQUENCE OF OPERATION

		A. See drawings for sequence of operation.



		3.5 PROCEDURE FOR PHYSICAL INSTALLATION OF VALVES

		A. Read instruction completely prior to installing valves.

		B. Note that number on valve label matches HVAC schedule.

		C. Verify the correct airflow direction and orientation of the valve in the ductwork (e.g., horizontal).

		D. Allow minimum of 14 in. (36 cm) of free unobstructed space around the valve for access.  The valve may be installed in a 3600 rotation.

		E. Linkage Connection.  Many valves require field connection of pivot arm.

		F. For multiple valves, assemble the valve sets on the floor using duct sealant and fasteners.  Slip duct inside valve flange.

		G. Use duct sealant on all valve/duct/drawband connections (or flange gasket for circular flanges).

		H. Install a hangar stock to support the ductwork within 12 in. (30 cm) of the valve connection.

		I. Follow the appropriate installation diagram.  Note: screws, fasteners, duct sealant, hangar stock, companion flange, gaskets, and drawbands shall be provided by mechanical contractor.

		J. All valves and airflow monitors installed in exhaust duct shall be installed with flanged connections and acid resistant gasketing.

		K. Install factory insulation jacket or supply valves.  Jacket provided by manufacturer.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. Furnish complete and operational VFD systems as shown on the plans.  All work to 
be furnished and installed under this Section shall comply with all the requirements 
of Division 01, and shall include, but not necessarily be limited to, the following: 
1. Variable frequency drives (VFDs), with or without bypass. 
2. Controls and control connections. 
3. Electrical power connections. 


1.3 RELATED WORK IN OTHER SECTIONS 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing 


C. Section 230900:  Building Automation System (BAS) Controls  


D. Section 232123:  Pumps and Hydronic Specialties 


E. Section 237312:  Custom Factory AHU 


F. Section 237313:  Modular Air Handler 


G. Division 26:  Coordination of interface items between the Mechanical equipment and 
controls and the Electrical Work specified in Division 26. 


1.4 QUALITY ASSURANCE 


A. Supplier of VFD shall be solely responsible for assuring that the VFD shall work 
properly with the motor(s) being controlled.  VFD supplier shall provide all materials 
and labor required to replace motors, bearing, shafts, etc. that may be incompatible 
with VFD or become damaged by VFD at no additional cost to the owner.  VFD 
supplier shall reimburse Architect and Engineer at their standard hourly rates for their 
involvement in resolving failures due to their VFDs. 


B. Manufacturer shall have a minimum of 15 years experience building similar 
equipment for controlling the speed for induction motors and at least one hundred 
successful installations with a variety of VFD sizes and applications. 


C. To reduce the known problem of bearing failures by "fluting" the VFD switching rates 
shall be 6-8 KHz wherever possible.  Manufactured VFDs at switching rates of 12-15 
KHz shall be accompanied by an additional extended warranty to cover bearings and 
motors to a period of ten (10) years.  Should it be impossible to provide matched 
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motor and VFD’s provide a shaft grounding system for the driven motor.  Acceptable 
manufacturers include Shaft Grounding Systems (www.shaft-grounding-
systems.com) or Aegis Shaft Grounding Ring (www.est-aegis.com). 


D. To insure quality and minimize infantile failures at the job site, the VFD shall be 
burned in at the factory at an ambient of 104°F minimum for at least 8 hours.  The 
VFD shall be operating a dynamometer and the load speed shall be cycled during 
the test.  All optional and special features shall be functionally tested at the factory 
for proper operation. 


E. Standards and Guidelines:  Provide VFDs conforming to the requirements of the 
latest addition of the following: 
1. UL508: The UL Safety Standard for Industrial Control Equipment.  All VFD 


equipment provided under this section must be labeled as UL 508 approved. 
2. ANSI/IEEE 518: Guide for the Installation of Electrical Equipment to 


Minimize Electrical Noise Inputs to Controllers from External Sources. 
3. ANSI/IEEE 519: Recommended Practices and Requirements for Harmonic 


Control in Electrical power systems. 
4. International Standards Organization certified 9001. 
5. California Building Code (CBC) 2012 Seismic – referencing ASC 7-05 and 


ICC AC-156 
6. International Electrotechnical Commission 60721-3c1, 2, & 3 Conformal 


coating 
7. CEC 430.120, Adjustable-Speed Drive Systems. 
8. NEMA ICS 7.0, Application Guide for AC Adjustable Speed Drives. 
9. AHJ approval or proof of special seismic certification for structures requiring 


it.  
10. RoHS (Restriction of Hazardous Substances) certified. 
11. SEMI F47-0706 for voltage sag immunity. 


1.5 QUALIFICATIONS:  
1. VFDs and options shall be UL508 listed as a complete assembly. The base 


VFD shall be UL listed for 100 kA SCCR without the need for external input 
fuses.  


2. The entire VFD assembly shall be seismically certified and labeled as such 
in accordance with the International Building Code (IBC): 
a. VFD manufacturer shall provide Seismic Certification and 


Installation requirements at time of submittal. 
b. Seismic importance factor of 1.5 rating is required, and shall be 


based upon actual shake test data as defined by ICC AC-156 
c. AHJ approval if needed. 


3. Base VFD shall have CE Mark conforming to European Union 
Electromagnetic Compatibility directive, requiring VFD meet product 
standard EN 61800-3 for the First Environment restricted level (Category 
C2). Base drives that only meet the Second Environment (Category C3, C4) 
shall be supplied with filters to bring the drive in compliance with the First 
Environment levels. 


4. VFD Enclosure to be UL rated: 1,12, 3R or 4X as needed. Cabinets correctly 
sized for airflow and heat dissipation of drive with interlocked handle.  
Outdoor 3R enclosures include thermostatically controlled vent fans and 
heater.  4X shall be stainless steel cabinet with temperature controlled air-
conditioned air isolated from outside air in the VFD cabinet.  Self-certified UL 
enclosures not accepted. 


5. Factory authorized start up and owner training should be provided locally 



http://www.shaft-grounding-systems.com/

http://www.shaft-grounding-systems.com/

http://www.est-aegis.com/





SAN DIEGO STATE UNIVERSITY SECTION 230902  
EIS COMPLEX VARIABLE FREQUENCY DRIVES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC (VFD) 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


230902 - 3 McParlane & Associates 


upon request.  A toll free 24/365 technical support line connected to factory 
support personnel located in the US shall be available 


6. VFDs shall be considered as an “end device” and not specifically listed as 
UL 864 UUKL compliant.  However, VFDs shall be provided with control and 
override capabilities as required for smoke control. 


1.6 SUBMITTALS 


A. Prior to construction submit for approval the following materials: 
1. VFD supplier shall provide reference list showing at least ten years of prior 


manufacturing experience in production of VFDs and a list of at least twenty 
successful installations with a variety of VFD sizes and applications. 


2. Manufacturer's data, installation instructions, and maintenance and 
operational instructions for variable frequency drives.  Indicate electrical 
service and special requirements.  Include manufacturer's descriptive 
literature, repair data, and parts listing. 


1.7 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Protect units against dirt, water, chemical, and mechanical damage.  Do not install 
damaged units.  Remove damaged equipment from site. 


1.8 WARRANTY 


A. Provide two-year (24 months) warranty under provisions of Division 01 from date of 
Certificate of Occupancy.  The warranty shall include parts, labor, travel costs, and 
living expenses incurred by the manufacturer to provide factory authorized service. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. ABB ACH 550 or ULH, or equal by Danfoss, Allen-Bradley, Emerson, Schneider 
Electric (Square D), Toshiba, Yaskawa, or Trane.  Connected motors should be by 
the same manufacturer whenever possible. 


2.2 GENERAL 


A. Furnish a complete VFD as scheduled on the plans.  Refer to plans for locations of 
variable speed controllers.  Each fan or pump motor shall have a dedicated VFD 
unit. All systems shall be provided with a backup VFD capable of operating with any 
motor. All standard and optional features shall be included within the VFD enclosure 
unless otherwise specified.  The VFD enclosure shall be provided to match the 
environment requirements where the VFD will be mounted and operated.  Provide 
NEMA/UL rated enclosure as required for environment. 


B. The adjustable frequency controller shall convert three-phase, 60 Hz utility power to 
adjustable voltage and frequency, three-phase, AC power for stepless motor speed 
control from 10% to 100% of the motor's 60 Hz speed. 


C. The VFD shall provide full rated output from a line of ±10% of nominal voltage.  The 







SAN DIEGO STATE UNIVERSITY SECTION 230902  
EIS COMPLEX VARIABLE FREQUENCY DRIVES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC (VFD) 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


230902 - 4 McParlane & Associates 


VFD shall continue to operate without faulting from a line of +30% to -35% of 
nominal voltage.  Overload rating of VFD shall be 110% of normal duty current rating 
for 1 minute every 10 minutes, 130% overload for 2 seconds every minute.  VFDs 
shall be capable of continuous full load operation in the following environmental 
conditions:  
1. -15 to 40° C (5 to 104°F) ambient temperature.  Operation to 50° C (122°F) 


shall be allowed with a 10% reduction from VFD full load current. 
2. Altitude 0 to 3300 feet above sea level. Operation to 6600 shall be allowed 


with a 10% reduction from VFD full load current. 
3. Humidity less than 95%, non-condensing. 


D. The VFD shall include a converter and an inverter section.  The converter section 
shall convert fixed frequency and voltage AC utility power to a DC voltage.  Drive 
shall utilize a single surface mount micro-processor. 


E. The VFD shall be of the pulse width modulation (PWM) type.  VFDs shall be 
provided with an advanced flux vector frequency control to limit noise at drive and 
motor. 


F. Drive manufacturer or sales representative shall evaluate electrical system of the 
project.  Any additional protective equipment such as line filters, reactors or input 
isolation transformers required to prevent interference from drive with other electrical 
equipment in the building shall be included as part of the bid.  No additional expense 
shall be incurred by Owner for provision or installation of these devices if required for 
electrical system operation after drive has been purchased.  Units shall include 
factory mounted input line reactors. 


G. The VFD maximum output current rating shall be 110% of the motor nameplate full 
load current.  VFD shall be able to start into a rotating load in either direction without 
trip. 


H. The VFD and options shall be tested to ASNI/EIA Standard 508 and listed by a 
nationally recognized testing agency such as UL or ETL. 


I. The VFD and options shall comply with the applicable requirements of the latest 
standards of ANSI, IEEE, and the National Electrical Code. 


J. Power line noise shall be limited to a voltage distortion factor and line notch depth as 
defined in ANSI/IEEE Standard 519. 


K. The drive efficiency shall be 97% (minimum) and have a fundamental power factor of 
0.98 at all speeds. 


2.3 BASIC FEATURES 


A. The VFD shall be housed in a NEMA enclosure appropriate to the mounting location. 
1. NEMA 12 enclosure shall be used for dusty locations, plenum mechanical 


rooms, penthouses, or air stream mounting. 
2. NEMA 3R is required for all locations exposed to falling rain, snow or ice or 


to indoor locations subject to falling water. 
3. If NEMA 1 enclosure is suitable it shall be vented through cabinet and 


equipped with an integral cooling fan with thermostat control, and arranged 
so that units can be mounted back to back on a frame and/or side to side on 
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a wall.  Venting fans shall be supplied in enclosure if required.  If a different 
NEMA enclosure is indicated the enclosure shall provide means of 
maintaining the drive at temperature acceptable to the drive manufacturer in 
exterior ambient temperatures.  Enclosure shall be complete with no 
requirements for low voltage wiring.  Factory mounted main circuit breaker 
disconnect shall be included. 


B. All circuit boards shall be coated to protect against corrosion.  Control boards shall 
be conformal coated to at least IEC 60721-3c2. 


C. All VFDs shall have the same HMI/keypad, with backlit digital display, regardless of 
horsepower rating.  The keypad shall be removable, capable of remote mounting 
and allow for uploading and downloading of parameter settings as an aid for start-up 
of multiple VFDs.  It shall incorporate “Bumpless transfer” of speed reference when 
switching between “Hand” and “Auto” modes. HMI/keypad shall include password 
protection against parameter changes. 


D. The HMI/keypad shall include Hand-Off-Auto selections and manual speed control.  
There shall be fault reset and “Help” buttons on the keypad.  The Help button shall 
include “on-line” assistance for programming and troubleshooting.  The display shall 
be in complete English words for programming and fault diagnostics (alphanumeric 
codes only are not acceptable.) 


E. The HMI/keypad shall utilize pre-programmed application macros or templates 
specifically designed to facilitate start-up.  The Macros shall provide one command 
to reprogram all parameters and customer interfaces for a particular application to 
reduce programming time.  The VFD shall have two user savable programs to allow 
the user to save custom settings. 


F. HMI/keypad operating values shall be capable of being displayed in engineering units 
for sub-metering purposes [i.e. GPH, KW, Motor Amps, Frequency, Speed, Torque, 
etc.].  A minimum of three operating values shall be displayed at all times.    


G. VFD shall include built in coordinated AC transient surge protection system 
consisting of 4 MOVs (phase to phase & phase to ground), capacitor clamp, 1600 
PIV Diode Bridge and internal chokes.   


H. VFDs shall have 5% impedance AC reactors or internal dual 5% DC chokes to 
reduce harmonics to the power line and as protection from AC line transients. VFD’s 
with only one DC choke shall have OEM add AC UL 508 listed and approved Chokes 
or line reactors. 


I. VFD shall automatically mitigate harmonics throughout the effective load range using 
Swinging chokes or other devices designed to lower harmonics when VFD is at 
partial loads. 


J. VFD’s shall include Ferrite Core EMI/RFI/Common mode filters. The onboard filters 
shall allow the VFD assembly to be CE Marked and the VFD shall meet product 
standard EN 61800-3 for the First Environment restricted level (Category C2). 


K. The input current rating of the VFD shall not be greater than the output current rating. 
 VFD’s with higher input current ratings require the upstream wiring, protection 
devices, and source transformers to be oversized per CEC 430.122 
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L. VFD shall have its own standardized control board that is the same for all drive sizes, 
with all communications and I/O terminals on it, and standard BAS communications 
protocols to include ModBus RTU; Johnson Controls N2; Siemens Building 
Technologies FLN (P1); and BACnet MS/TP.  All diagnostic warning and fault 
information shall be transmittable over serial communications.  With Remote fault 
reset if programmed.  Options available for: Ethernet IP, BACnet IP, ControlNet, 
DeviceNet, Lonworks, ModBus TCP and Profibus. All protocols shall be “certified” by 
the governing authority.  


M. Two (2) programmable analog inputs shall accept 0-10VDC or 4-20 ma signals.  


N. Two (2) programmable analog outputs 0-20ma or 4-20 ma signals. Outputs 
proportionally programmable for: Motor Current, Power, Speed, Torque, (kW) and 
other data. 


O. Minimum of six (6) programmable digital inputs for interfacing with external devices.  
All digital inputs shall be programmable to initiate upon an application or removal of 
24VDC. 


P. Minimum of two (2) programmable, Form-C relay outputs.  The relay outputs shall 
include programmable on and off delay times and adjustable hysteresis.  Rated for 
maximum switching current 8 amps at 24 VDC and 0.4 A at 250 VAC; Maximum 
voltage 300 VDC and 250 VAC; continuous current rating of 2 amps RMS.  Outputs 
shall be true Form-C type contacts. 


Q. The VFD shall have 250 ma of 24 VDC auxiliary power and be capable of loop 
powering a transmitter supplied by others. 


R. The VFD shall have Pass thru I/O- to allow the BAS to monitor and control the VFD/ 
backup drive or its analog and digital outputs via communications.  This control shall 
be independent of any VFD function and may be used to control or monitor any other 
device. 


S. The VFD shall include multiple “two zone” PID algorithms that allow the VFD to 
maintain PID control from two separate feedback signals (4-20mA, 0-10V, and/or 
communications).  The two zone control PID algorithm will control motor speed 
based on a minimum, maximum, or average of the two feedback signals.  All of the 
VFD PID controllers shall include the ability for “two zone” control.  The PID set 
points shall be adjustable from the VFD keypad, analog inputs, or over the 
communications bus. 


T. The VFD shall have cooling fans that are designed for replacement without requiring 
removing the VFD from the wall or removal of circuit boards.  The VFD cooling fans 
shall operate only when required, based on the temperature and run command to the 
drive.  VFD protection shall be based on thermal sensing and not cooling fan 
operation. 


U. There shall be a built-in time clock in the VFD keypad.  The clock shall have a 
battery backup with 10 years minimum life span.  The clock shall be used to date 
and time stamp faults and record operating parameters at the time of fault.  VFD 
programming shall be held in non-volatile memory and is not dependent on battery 
power. 
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V. Drive options shall be furnished and mounted by the drive manufacturer as defined 
on the VFD schedule.  All optional features shall be UL Listed by the drive 
manufacturer as a complete assembly and carry a UL508 label. 


2.4 PROGRAMMABLE ADJUSTMENTS 


A. Three (3) programmable critical frequency lockout ranges [aka Skip or resonant] to 
prevent the VFD from operating the load continuously at an unstable speed.  The 
lockout range must be fully adjustable, from 0 to full speed. 


B. The VFD shall include a programmable time delay for VFD start and a keypad 
indication that this time delay is active.  A Form C relay output provides a contact 
closure to signal the VAV boxes open.  This will allow VAV boxes to be driven open 
before the motor operates. 


C. Two independent adjustable acceleration and deceleration ramp times, adjustable 
from 1 to 1800 seconds, initial setting at 60 seconds 


D. VFD shall include a motor flux optimization and noise smoothing circuits that will 
automatically reduce applied motor voltage to the motor to optimize energy 
consumption and reduce audible motor noise.   


E. VFD shall provide built in programmable loss-of-load (broken belt / broken coupling) 
option to signal the loss-of-load condition via a keypad warning, Form-C relay output, 
and / or over the serial communications bus.   


F. VFD shall have programmable “Sleep” and “Wake up” functions to allow the drive to 
be started and stopped from the level of a process feedback signal. 


G. VFD to have two PID controls built in for VFD or other uses.  PID controllers have 
ability for “two zone” control.  PID set points adjustable from the VFD keypad, analog 
inputs or BAS 


H. If the input reference is lost, the VFD shall be programmable to: (1) stop and display 
a fault, (2) run at a programmable preset speed, (3) hold the VFD speed based on 
the last good reference received, or (4) go to a backup control system wired to the 
VFD.  As well as cause a warning to be issued, as selected by the user.  The drive 
shall be programmable to signal this condition via a keypad warning, Form-C relay 
output and / or over the communication bus. 


I. VFD shall have the ability to automatically restart after an over-current, over-voltage, 
under-voltage, or loss of input signal protective trip.  The number of restart attempts, 
trial time and time between attempts shall be programmable.  VFD shall be initially 
set to perform at least five (5) restarts after a power outage, drive fault or external 
fault before requiring manual reset.  After ten minutes of runtime, the restart attempts 
return to zero.  The VFD shall display a countdown timer when auto restart is being 
attempted, or incorporate programming to select number of restarts, number of faults 
per time period, and time between restarts. 


J. VFD shall be capable of starting into a coasting load (flying start or forward or 
reverse) up to full speed and accelerate or decelerate to set point without tripping or 
component damage.  
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K. VFD shall include a fireman’s override input. Upon receipt of a contact closure from 
the fire / smoke control station, the VFD shall operate in one of two modes: 1) 
Operate at a programmed predetermined fixed speed ranging from -500Hz (reverse) 
to 500Hz (forward).  2) Operate in a specific fireman’s override PID algorithm that 
automatically adjusts motor speed based on override set point and feedback. The 
mode shall override all other inputs (analog/digital, serial communication, and all 
keypad commands), except customer defined safety run interlocks, and force the 
motor to run in one of the two modes above. “Override Mode” shall be displayed on 
the keypad. Upon removal of the override signal, the VFD shall resume normal 
operation, without the need to cycle the normal digital input run command. 


2.5 PROTECTIVE FEATURES 


A. A minimum of Class 20 I
2
t electronic motor overload protection for single motor 


applications shall be provided.  Overload protection shall automatically compensate 
for changes in motor speed. 


B. Protection against input transients, loss of AC line phase, output short circuit, output 
ground fault, over voltage, under voltage, VFD over temperature and motor over 
temperature.  The VFD shall display all faults in plain language.  Codes are not 
acceptable. 


C. Protect VFD from input phase loss.  The VFD should be able to protect itself from 
damage and indicate the phase loss condition.  During an input phase loss condition, 
the VFD shall be able to be programmed to either trip off while displaying an alarm, 
issue a warning while running at reduced output capacity, or issue a warning while 
running at full commanded speed.  This function is independent of which input power 
phase is lost. 


D. Protect from under voltage.  The VFD shall provide full rated output with an input 
voltage as low as 90% of the nominal.  The VFD will continue to operate with 
reduced output, without faulting, with an input voltage as low as 70% of the nominal 
voltage. 


E. Protect from over voltage.  The VFD shall continue to operate without faulting with a 
momentary input voltage as high as 130% of the nominal voltage. 


F.  The VFD shall incorporate a programmable motor preheat feature to keep the motor 
warm and prevent condensation build up in the motor when it is stopped in a damp 
environment by providing the motor stator with a controlled level of current. 


G. VFD shall include a “signal loss detection” algorithm with adjustable time delay to 
sense the loss of an analog input signal.  It shall also include a programmable time 
delay to eliminate nuisance signal loss indications.  The functions after detection 
shall be programmable. 


H. VFD shall function normally when the keypad is removed while the VFD is running.  
No warnings or alarms shall be issued as a result of removing the keypad. 


I. VFD shall catch a rotating motor operating forward or reverse up to full speed without 
VFD fault or component damage. 


J. Selectable over-voltage control shall be provided to protect the drive from power 
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regenerated by the motor while maintaining control of the driven load.  


K. VFD shall include current sensors on all three output phases to accurately measure 
motor current, protect the VFD from output short circuits, output ground faults, and 
act as a motor overload.  If an output phase loss is detected, the VFD will trip off and 
identify which of the output phases is low or lost. 


L. If the temperature of the VFD’s heat sink rises to 80°C, the VFD shall automatically 
reduce its carrier frequency to reduce the heat sink temperature.  It shall also be 
possible to program the VFD so that it reduces its output current limit value if the 
VFD’s temperature becomes too high.  


M. In order to ensure operation during periods of overload, it must be possible to 
program the VFD to automatically reduce its output current to a programmed value 
during periods of excessive load.  This allows the VFD to continue to run the load 
without tripping. 


N. The VFD shall have temperature controlled cooling fan(s) for quiet operation, 
minimized losses, and increased fan life.  At low loads or low ambient temperatures, 
the fan(s) may be off even when the VFD is running. 


O. The VFD shall store in memory the last 10 alarms.  A description of the alarm, and 
the date and time of the alarm shall be recorded. 


P. When used with a pumping system, the VFD shall be able to detect no-flow 
situations, dry pump conditions, and operation off the end of the pump curve.  It shall 
be programmable to take appropriate protective action when one of the above 
situations is detected. 


2.6 BACK UP VFD 


A. A back up VFD shall be provided per each system or horse power denominator. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Verify that mounting surface is ready to receive work.  Mount the VFD(s) on the wall 
or at supports in locations identified on the drawings.  Provide a layout drawing of 
VFD locations to electrical installer. 


B. If the disconnect for the equipment powered by the VFD is in a location where it is 
probable that it will be placed in an off position prior to shutting down the VFD, the 
contractor is to provide electrical protection for the VFD.  This may be in the form of 
a conduit and wire interlock between disconnect and drive or internal protection 
integral to the VFD. 


C. Coordinate wiring and control with Control Contractor.  Control installers shall install 
all wiring associated with control signals into the VFD and for interlock control wiring 
between disconnects and VFDs. 


D. Electrical installer shall install all line voltage power wiring and conduit from electrical 
switchgear and from the VFD to the disconnect at the controlled motor.  The only 
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exception to this is when the motor and drive are factory installed on a packaged 
piece of equipment.  In that case the wiring from drive to motor is to be installed in 
the factory to meet the requirements herein.  Coordinate with Division 26 work. 


E. Line length between VFD and driven motor shall be as short as possible.  Line length 
shall not exceed twenty (20) feet without prior approval from Engineer. 


F. Input and output power wiring shall be installed in separate grounded conduit.  In 
addition, control wiring shall be installed in its own separate grounded conduit. 


G. Use symmetric motor cable between the VFD and motor, with low inductance shield 
or conduit, and with all joints joined with bonding straps.  MC metal clad 3 phase type 
cable per CEC 330.1, UL approved, 3 phase conductors and 3 ground conductors.  
Sheath to be continuous corrugated aluminum.  Manufacturer and type to be BICC 2 
kV rated Drives Cable, Anixter series 7V, or approved equal. 


H. Use cable connectors with 360 degree connections to the armor conduit at both ends 
of motor cable.  Verify electrical path from inverter cabinet entry plate to armor / 
conduit to motor terminal box. 


I. Install an auxiliary high frequency bonding connection for potential equalization 
between VFD frame and building steel. 


J. Unless absolutely necessary do not install disconnect between VFD and connected 
motor.  VFD is to be furnished with a lockable disconnect. 


K. Installation in “Fan Wall “ Air Handlers:   When a single VFD supplies multiple fans, 
assemble and prewire units at the factory, installing conduit and conductors between 
the fan motor, VFD, and terminal strips.  Wiring from the VFD output terminals to the 
fan motor shall be Belden VFD Cable installed in conduit (295XX Series). 


3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify 
control wiring, verify power wiring, start-up the drive, and check for proper operation. 
 The service technician shall provide final adjustments to meet the specified 
performance requirements.  Fully staffed parts and service personnel shall be within 
four hours travel from the jobsite. 


B. Carrier frequency setup: 
1. Set initial carrier frequency at 2 kHz. 
2. Manually raise VFD speed output from 10 Hz to 60 Hz by 10 Hz increments, 


allowing at least 15 seconds between each adjustment.  If excessive motor 
noise is heard at any speed, raise carrier frequency by 2 kHz increments 
until motor noise is no longer excessive.  Do not set carrier frequency higher 
than 10 kHz. 


3. If excessive motor noise continues to be heard at or below 10 kHz, inform 
owner.  If the motor is provided by the VFD manufacturer, either repair, 
replace, or provide 5 year extended warranty on the effected motor. 


C. Lockout of resonant frequencies: 
1. With carrier frequency set per the above specification, manually and slowly 
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raise VFD speed output from 10 Hz to 60 Hz by 1 Hz increments.  If 
excessive motor, frame, or driven load noise is heard at any speed, lock out 
that frequency. 


2. Each frequency skip shall be programmed with as narrow a bandwidth as 
possible, while still avoiding the most objectionable range of resonant 
frequencies.  Each frequency skip bandwidth shall not exceed 5 Hz without 
approval by Engineer. 


D. Training: 
1. Provide one (1) hour training session to the Owner’s Representative. 
2. Training to include: 


a. Demonstration of operation of backup drive switch and door-
mounted disconnect switches.  Explain emergency operation. 


b. Demonstrate operation of operator keypads for viewing data and 
setting parameters. 


c. Demonstrate operation in manual mode, including setting of specific 
speeds. 


d. Explain the drive parameters that might require operator adjustment. 
e. Describe troubleshooting techniques and warranty procedure. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. Furnish complete and operational VFD systems as shown on the plans.  All work to be furnished and installed under this Section shall comply with all the requirements of Division 01, and shall include, but not necessarily be limited to, the following:



		1.3 RELATED WORK IN OTHER SECTIONS

		A. Section 230500:  Basic HVAC Materials and Methods

		B. Section 230593:  Testing, Adjusting and Balancing

		C. Section 230900:  Building Automation System (BAS) Controls 

		D. Section 232123:  Pumps and Hydronic Specialties

		E. Section 237312:  Custom Factory AHU

		F. Section 237313:  Modular Air Handler

		G. Division 26:  Coordination of interface items between the Mechanical equipment and controls and the Electrical Work specified in Division 26.



		1.4 QUALITY ASSURANCE

		A. Supplier of VFD shall be solely responsible for assuring that the VFD shall work properly with the motor(s) being controlled.  VFD supplier shall provide all materials and labor required to replace motors, bearing, shafts, etc. that may be incompatible with VFD or become damaged by VFD at no additional cost to the owner.  VFD supplier shall reimburse Architect and Engineer at their standard hourly rates for their involvement in resolving failures due to their VFDs.

		B. Manufacturer shall have a minimum of 15 years experience building similar equipment for controlling the speed for induction motors and at least one hundred successful installations with a variety of VFD sizes and applications.

		C. To reduce the known problem of bearing failures by "fluting" the VFD switching rates shall be 6-8 KHz wherever possible.  Manufactured VFDs at switching rates of 12-15 KHz shall be accompanied by an additional extended warranty to cover bearings and motors to a period of ten (10) years.  Should it be impossible to provide matched motor and VFD’s provide a shaft grounding system for the driven motor.  Acceptable manufacturers include Shaft Grounding Systems (www.shaft-grounding-systems.com) or Aegis Shaft Grounding Ring (www.est-aegis.com).

		D. To insure quality and minimize infantile failures at the job site, the VFD shall be burned in at the factory at an ambient of 104°F minimum for at least 8 hours.  The VFD shall be operating a dynamometer and the load speed shall be cycled during the test.  All optional and special features shall be functionally tested at the factory for proper operation.

		E. Standards and Guidelines:  Provide VFDs conforming to the requirements of the latest addition of the following:



		1.5 QUALIFICATIONS: 

		1.6 SUBMITTALS

		A. Prior to construction submit for approval the following materials:



		1.7 DELIVERY, STORAGE, AND HANDLING

		A. Deliver units to the site in containers with manufacturer's stamp or label affixed.

		B. Protect units against dirt, water, chemical, and mechanical damage.  Do not install damaged units.  Remove damaged equipment from site.



		1.8 WARRANTY

		A. Provide two-year (24 months) warranty under provisions of Division 01 from date of Certificate of Occupancy.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.





		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. ABB ACH 550 or ULH, or equal by Danfoss, Allen-Bradley, Emerson, Schneider Electric (Square D), Toshiba, Yaskawa, or Trane.  Connected motors should be by the same manufacturer whenever possible.



		2.2 GENERAL

		A. Furnish a complete VFD as scheduled on the plans.  Refer to plans for locations of variable speed controllers.  Each fan or pump motor shall have a dedicated VFD unit. All systems shall be provided with a backup VFD capable of operating with any motor. All standard and optional features shall be included within the VFD enclosure unless otherwise specified.  The VFD enclosure shall be provided to match the environment requirements where the VFD will be mounted and operated.  Provide NEMA/UL rated enclosure as required for environment.

		B. The adjustable frequency controller shall convert three-phase, 60 Hz utility power to adjustable voltage and frequency, three-phase, AC power for stepless motor speed control from 10% to 100% of the motor's 60 Hz speed.

		C. The VFD shall provide full rated output from a line of ±10% of nominal voltage.  The VFD shall continue to operate without faulting from a line of +30% to -35% of nominal voltage.  Overload rating of VFD shall be 110% of normal duty current rating for 1 minute every 10 minutes, 130% overload for 2 seconds every minute.  VFDs shall be capable of continuous full load operation in the following environmental conditions: 

		D. The VFD shall include a converter and an inverter section.  The converter section shall convert fixed frequency and voltage AC utility power to a DC voltage.  Drive shall utilize a single surface mount micro-processor.

		E. The VFD shall be of the pulse width modulation (PWM) type.  VFDs shall be provided with an advanced flux vector frequency control to limit noise at drive and motor.

		F. Drive manufacturer or sales representative shall evaluate electrical system of the project.  Any additional protective equipment such as line filters, reactors or input isolation transformers required to prevent interference from drive with other electrical equipment in the building shall be included as part of the bid.  No additional expense shall be incurred by Owner for provision or installation of these devices if required for electrical system operation after drive has been purchased.  Units shall include factory mounted input line reactors.

		G. The VFD maximum output current rating shall be 110% of the motor nameplate full load current.  VFD shall be able to start into a rotating load in either direction without trip.

		H. The VFD and options shall be tested to ASNI/EIA Standard 508 and listed by a nationally recognized testing agency such as UL or ETL.

		I. The VFD and options shall comply with the applicable requirements of the latest standards of ANSI, IEEE, and the National Electrical Code.

		J. Power line noise shall be limited to a voltage distortion factor and line notch depth as defined in ANSI/IEEE Standard 519.

		K. The drive efficiency shall be 97% (minimum) and have a fundamental power factor of 0.98 at all speeds.



		2.3 BASIC FEATURES

		A. The VFD shall be housed in a NEMA enclosure appropriate to the mounting location.

		B. All circuit boards shall be coated to protect against corrosion.  Control boards shall be conformal coated to at least IEC 60721-3c2.

		C. All VFDs shall have the same HMI/keypad, with backlit digital display, regardless of horsepower rating.  The keypad shall be removable, capable of remote mounting and allow for uploading and downloading of parameter settings as an aid for start-up of multiple VFDs.  It shall incorporate “Bumpless transfer” of speed reference when switching between “Hand” and “Auto” modes. HMI/keypad shall include password protection against parameter changes.

		D. The HMI/keypad shall include Hand-Off-Auto selections and manual speed control.  There shall be fault reset and “Help” buttons on the keypad.  The Help button shall include “on-line” assistance for programming and troubleshooting.  The display shall be in complete English words for programming and fault diagnostics (alphanumeric codes only are not acceptable.)

		E. The HMI/keypad shall utilize pre-programmed application macros or templates specifically designed to facilitate start-up.  The Macros shall provide one command to reprogram all parameters and customer interfaces for a particular application to reduce programming time.  The VFD shall have two user savable programs to allow the user to save custom settings.

		F. HMI/keypad operating values shall be capable of being displayed in engineering units for sub-metering purposes [i.e. GPH, KW, Motor Amps, Frequency, Speed, Torque, etc.].  A minimum of three operating values shall be displayed at all times.   

		G. VFD shall include built in coordinated AC transient surge protection system consisting of 4 MOVs (phase to phase & phase to ground), capacitor clamp, 1600 PIV Diode Bridge and internal chokes.  

		H. VFDs shall have 5% impedance AC reactors or internal dual 5% DC chokes to reduce harmonics to the power line and as protection from AC line transients. VFD’s with only one DC choke shall have OEM add AC UL 508 listed and approved Chokes or line reactors.

		I. VFD shall automatically mitigate harmonics throughout the effective load range using Swinging chokes or other devices designed to lower harmonics when VFD is at partial loads.

		J. VFD’s shall include Ferrite Core EMI/RFI/Common mode filters. The onboard filters shall allow the VFD assembly to be CE Marked and the VFD shall meet product standard EN 61800-3 for the First Environment restricted level (Category C2).

		K. The input current rating of the VFD shall not be greater than the output current rating.  VFD’s with higher input current ratings require the upstream wiring, protection devices, and source transformers to be oversized per CEC 430.122

		L. VFD shall have its own standardized control board that is the same for all drive sizes, with all communications and I/O terminals on it, and standard BAS communications protocols to include ModBus RTU; Johnson Controls N2; Siemens Building Technologies FLN (P1); and BACnet MS/TP.  All diagnostic warning and fault information shall be transmittable over serial communications.  With Remote fault reset if programmed.  Options available for: Ethernet IP, BACnet IP, ControlNet, DeviceNet, Lonworks, ModBus TCP and Profibus. All protocols shall be “certified” by the governing authority. 

		M. Two (2) programmable analog inputs shall accept 0-10VDC or 4-20 ma signals. 

		N. Two (2) programmable analog outputs 0-20ma or 4-20 ma signals. Outputs proportionally programmable for: Motor Current, Power, Speed, Torque, (kW) and other data.

		O. Minimum of six (6) programmable digital inputs for interfacing with external devices.  All digital inputs shall be programmable to initiate upon an application or removal of 24VDC.

		P. Minimum of two (2) programmable, Form-C relay outputs.  The relay outputs shall include programmable on and off delay times and adjustable hysteresis.  Rated for maximum switching current 8 amps at 24 VDC and 0.4 A at 250 VAC; Maximum voltage 300 VDC and 250 VAC; continuous current rating of 2 amps RMS.  Outputs shall be true Form-C type contacts.

		Q. The VFD shall have 250 ma of 24 VDC auxiliary power and be capable of loop powering a transmitter supplied by others.

		R. The VFD shall have Pass thru I/O- to allow the BAS to monitor and control the VFD/ backup drive or its analog and digital outputs via communications.  This control shall be independent of any VFD function and may be used to control or monitor any other device.

		S. The VFD shall include multiple “two zone” PID algorithms that allow the VFD to maintain PID control from two separate feedback signals (4-20mA, 0-10V, and/or communications).  The two zone control PID algorithm will control motor speed based on a minimum, maximum, or average of the two feedback signals.  All of the VFD PID controllers shall include the ability for “two zone” control.  The PID set points shall be adjustable from the VFD keypad, analog inputs, or over the communications bus.

		T. The VFD shall have cooling fans that are designed for replacement without requiring removing the VFD from the wall or removal of circuit boards.  The VFD cooling fans shall operate only when required, based on the temperature and run command to the drive.  VFD protection shall be based on thermal sensing and not cooling fan operation.

		U. There shall be a built-in time clock in the VFD keypad.  The clock shall have a battery backup with 10 years minimum life span.  The clock shall be used to date and time stamp faults and record operating parameters at the time of fault.  VFD programming shall be held in non-volatile memory and is not dependent on battery power.

		V. Drive options shall be furnished and mounted by the drive manufacturer as defined on the VFD schedule.  All optional features shall be UL Listed by the drive manufacturer as a complete assembly and carry a UL508 label.



		2.4 PROGRAMMABLE ADJUSTMENTS

		A. Three (3) programmable critical frequency lockout ranges [aka Skip or resonant] to prevent the VFD from operating the load continuously at an unstable speed.  The lockout range must be fully adjustable, from 0 to full speed.

		B. The VFD shall include a programmable time delay for VFD start and a keypad indication that this time delay is active.  A Form C relay output provides a contact closure to signal the VAV boxes open.  This will allow VAV boxes to be driven open before the motor operates.

		C. Two independent adjustable acceleration and deceleration ramp times, adjustable from 1 to 1800 seconds, initial setting at 60 seconds

		D. VFD shall include a motor flux optimization and noise smoothing circuits that will automatically reduce applied motor voltage to the motor to optimize energy consumption and reduce audible motor noise.  

		E. VFD shall provide built in programmable loss-of-load (broken belt / broken coupling) option to signal the loss-of-load condition via a keypad warning, Form-C relay output, and / or over the serial communications bus.  

		F. VFD shall have programmable “Sleep” and “Wake up” functions to allow the drive to be started and stopped from the level of a process feedback signal.

		G. VFD to have two PID controls built in for VFD or other uses.  PID controllers have ability for “two zone” control.  PID set points adjustable from the VFD keypad, analog inputs or BAS

		H. If the input reference is lost, the VFD shall be programmable to: (1) stop and display a fault, (2) run at a programmable preset speed, (3) hold the VFD speed based on the last good reference received, or (4) go to a backup control system wired to the VFD.  As well as cause a warning to be issued, as selected by the user.  The drive shall be programmable to signal this condition via a keypad warning, Form-C relay output and / or over the communication bus.

		I. VFD shall have the ability to automatically restart after an over-current, over-voltage, under-voltage, or loss of input signal protective trip.  The number of restart attempts, trial time and time between attempts shall be programmable.  VFD shall be initially set to perform at least five (5) restarts after a power outage, drive fault or external fault before requiring manual reset.  After ten minutes of runtime, the restart attempts return to zero.  The VFD shall display a countdown timer when auto restart is being attempted, or incorporate programming to select number of restarts, number of faults per time period, and time between restarts.

		J. VFD shall be capable of starting into a coasting load (flying start or forward or reverse) up to full speed and accelerate or decelerate to set point without tripping or component damage. 

		K. VFD shall include a fireman’s override input. Upon receipt of a contact closure from the fire / smoke control station, the VFD shall operate in one of two modes: 1) Operate at a programmed predetermined fixed speed ranging from -500Hz (reverse) to 500Hz (forward).  2) Operate in a specific fireman’s override PID algorithm that automatically adjusts motor speed based on override set point and feedback. The mode shall override all other inputs (analog/digital, serial communication, and all keypad commands), except customer defined safety run interlocks, and force the motor to run in one of the two modes above. “Override Mode” shall be displayed on the keypad. Upon removal of the override signal, the VFD shall resume normal operation, without the need to cycle the normal digital input run command.



		2.5 PROTECTIVE FEATURES

		A. A minimum of Class 20 I2t electronic motor overload protection for single motor applications shall be provided.  Overload protection shall automatically compensate for changes in motor speed.

		B. Protection against input transients, loss of AC line phase, output short circuit, output ground fault, over voltage, under voltage, VFD over temperature and motor over temperature.  The VFD shall display all faults in plain language.  Codes are not acceptable.

		C. Protect VFD from input phase loss.  The VFD should be able to protect itself from damage and indicate the phase loss condition.  During an input phase loss condition, the VFD shall be able to be programmed to either trip off while displaying an alarm, issue a warning while running at reduced output capacity, or issue a warning while running at full commanded speed.  This function is independent of which input power phase is lost.

		D. Protect from under voltage.  The VFD shall provide full rated output with an input voltage as low as 90% of the nominal.  The VFD will continue to operate with reduced output, without faulting, with an input voltage as low as 70% of the nominal voltage.

		E. Protect from over voltage.  The VFD shall continue to operate without faulting with a momentary input voltage as high as 130% of the nominal voltage.

		F.  The VFD shall incorporate a programmable motor preheat feature to keep the motor warm and prevent condensation build up in the motor when it is stopped in a damp environment by providing the motor stator with a controlled level of current.

		G. VFD shall include a “signal loss detection” algorithm with adjustable time delay to sense the loss of an analog input signal.  It shall also include a programmable time delay to eliminate nuisance signal loss indications.  The functions after detection shall be programmable.

		H. VFD shall function normally when the keypad is removed while the VFD is running.  No warnings or alarms shall be issued as a result of removing the keypad.

		I. VFD shall catch a rotating motor operating forward or reverse up to full speed without VFD fault or component damage.

		J. Selectable over-voltage control shall be provided to protect the drive from power regenerated by the motor while maintaining control of the driven load. 

		K. VFD shall include current sensors on all three output phases to accurately measure motor current, protect the VFD from output short circuits, output ground faults, and act as a motor overload.  If an output phase loss is detected, the VFD will trip off and identify which of the output phases is low or lost.

		L. If the temperature of the VFD’s heat sink rises to 80(C, the VFD shall automatically reduce its carrier frequency to reduce the heat sink temperature.  It shall also be possible to program the VFD so that it reduces its output current limit value if the VFD’s temperature becomes too high. 

		M. In order to ensure operation during periods of overload, it must be possible to program the VFD to automatically reduce its output current to a programmed value during periods of excessive load.  This allows the VFD to continue to run the load without tripping.

		N. The VFD shall have temperature controlled cooling fan(s) for quiet operation, minimized losses, and increased fan life.  At low loads or low ambient temperatures, the fan(s) may be off even when the VFD is running.

		O. The VFD shall store in memory the last 10 alarms.  A description of the alarm, and the date and time of the alarm shall be recorded.

		P. When used with a pumping system, the VFD shall be able to detect no-flow situations, dry pump conditions, and operation off the end of the pump curve.  It shall be programmable to take appropriate protective action when one of the above situations is detected.



		2.6 BACK UP VFD

		A. A back up VFD shall be provided per each system or horse power denominator.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Verify that mounting surface is ready to receive work.  Mount the VFD(s) on the wall or at supports in locations identified on the drawings.  Provide a layout drawing of VFD locations to electrical installer.

		B. If the disconnect for the equipment powered by the VFD is in a location where it is probable that it will be placed in an off position prior to shutting down the VFD, the contractor is to provide electrical protection for the VFD.  This may be in the form of a conduit and wire interlock between disconnect and drive or internal protection integral to the VFD.

		C. Coordinate wiring and control with Control Contractor.  Control installers shall install all wiring associated with control signals into the VFD and for interlock control wiring between disconnects and VFDs.

		D. Electrical installer shall install all line voltage power wiring and conduit from electrical switchgear and from the VFD to the disconnect at the controlled motor.  The only exception to this is when the motor and drive are factory installed on a packaged piece of equipment.  In that case the wiring from drive to motor is to be installed in the factory to meet the requirements herein.  Coordinate with Division 26 work.

		E. Line length between VFD and driven motor shall be as short as possible.  Line length shall not exceed twenty (20) feet without prior approval from Engineer.

		F. Input and output power wiring shall be installed in separate grounded conduit.  In addition, control wiring shall be installed in its own separate grounded conduit.

		G. Use symmetric motor cable between the VFD and motor, with low inductance shield or conduit, and with all joints joined with bonding straps.  MC metal clad 3 phase type cable per CEC 330.1, UL approved, 3 phase conductors and 3 ground conductors.  Sheath to be continuous corrugated aluminum.  Manufacturer and type to be BICC 2 kV rated Drives Cable, Anixter series 7V, or approved equal.

		H. Use cable connectors with 360 degree connections to the armor conduit at both ends of motor cable.  Verify electrical path from inverter cabinet entry plate to armor / conduit to motor terminal box.

		I. Install an auxiliary high frequency bonding connection for potential equalization between VFD frame and building steel.

		J. Unless absolutely necessary do not install disconnect between VFD and connected motor.  VFD is to be furnished with a lockable disconnect.

		K. Installation in “Fan Wall “ Air Handlers:   When a single VFD supplies multiple fans, assemble and prewire units at the factory, installing conduit and conductors between the fan motor, VFD, and terminal strips.  Wiring from the VFD output terminals to the fan motor shall be Belden VFD Cable installed in conduit (295XX Series).



		3.2 MANUFACTURER'S START-UP SERVICES

		A. The manufacturer shall provide start-up service in the form of a factory trained service technician.  The service technician shall verify correct installation, verify control wiring, verify power wiring, start-up the drive, and check for proper operation.  The service technician shall provide final adjustments to meet the specified performance requirements.  Fully staffed parts and service personnel shall be within four hours travel from the jobsite.

		B. Carrier frequency setup:

		C. Lockout of resonant frequencies:

		D. Training:
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes control sequences for HVAC systems, subsystems, and 
equipment. 


B. Related Sections include the following: 
1. Section 230900 "Building Automation System (BAS) Controls" for control 


equipment and devices and for submittal requirements. 


1.3 DEFINITIONS 


A. BAS: Building Automation System 


B. DDC: Direct digital control. 


C. VAV: Variable air volume 


D. VFD: Variable frequency drive. 


1.4 ABBREVIATIONS 


A. The following abbreviations may be used in graphics, schematics, point names, and 
other UI applications where space is at a premium. 
1. AC - Air Conditioning 
2. ACU - Air Conditioning Unit 
3. AHU - Air Handling Unit 
4. AI - Analog Input 
5. AO - Analog Output 
6. AUTO – Automatic 
7. AUX – Auxiliary 
8. BI -Binary Input 
9. BO -Binary Output 
10. C –Common 
11. CHW - Chilled Water 
12. CHWP - Chilled Water Pump 
13. CHWR - Chilled Water Return 
14. CHWS - Chilled Water Supply 
15. DA - Discharge Air 
16. EA - Exhaust Air 
17. EF - Exhaust Fan 
18. EVAP – Evaporators 
19. FCU - Fan Coil Unit 
20. HOA - Hand / Off / Auto 
21. HRU - Heat Recovery Unit 
22. HTEX - Heat Exchanger 
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23. HW – Domestic Hot Water 
24. HWC – Domestic Hot Water Recirculation 
25. HWP - Heating Water Pump 
26. HWR – Heating Water Return 
27. HWS - Heating Water Supply 
28. MAX – Maximum 
29. MIN – Minimum 
30. MISC – Miscellaneous 
31. NC - Normally Closed 
32. NO - Normally Open 
33. OA - Outdoor Air 
34. RA - Return Air 
35. RF - Return Fan 
36. RH - Relative Humidity 
37. RTU - Roof-top Unit 
38. SA - Supply Air 
39. SF - Supply Fan 
40. SP - Static Pressure 
41. TEMP – Temperature 
42. VAV - Variable Air Volume 
43. VVTU - Variable Volume Terminal Unit 
44. W/ - with 
45. W/O – without 


1.5 BACNET COMMUNICATIONS INTERFACE 


A. For all equipment designated with a BACnet communication interface module, the 
controls contractor shall review the sequence of operation identified below and co-
ordinate with each approved equipment manufacturer to provide the designated 
points either through the interface or a hard wire connection (at no additional cost) 
where capability is not available through interface. 


B. The controls contractor shall identify points to be either commanded, trended or 
monitored through the interface.  At a minimum, the BAS shall have capability to ac-
cess the following functions for the system and all subequipment: system enable, 
equipment enable, status, alarm, temperature, pressure, reset signals, maintenance 
alarm, operation mode, run time, firing/input rate, set point adjustment, delay and 
scheduling.  


C. The controls contractor shall coordinate with each approved equipment manufactur-
er to provide a full list of available points available through the interface.  All func-
tions to be mapped through the interface should be submitted for engineer approval. 


1.6 TRIM AND RESPOND RESET LOGIC 


A. Definitions: 
1. SP0 - Initial set point 
2. SPmin – Minimum set point 
3. SPmax – Maximum set point 
4. Td - Delay timer 
5. T – Time step 
6. I – Number of ignored requests 
7. R – Number of requests from zones/systems 
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8. SPtrim – Trim amount 
9. SPres – Respond amount 
10. SPres-max – Maximum response per time interval 


B. Controls contractor shall provide trim and respond reset logic as follows: 
1. Controls contractor shall provide trim and respond reset logic as noted be-


low in sequence of operation.  Trim and respond logic shall reset set point 
within the range of SPmin to SPmax until zones request a response. 


2. The reset logic shall be active while the associated device is proven on, 
starting Td after initial device start command.  When active, every time set T, 
trim the set point by SPtrim. If there are more than I requests, respond by 
changing the set point by SPres times (R-I). But the net response shall be no 
more SPres-max.  The sign of SPtrim must be the opposite of SPres and 
SPres-max.  Controller shall keep trimming the set point until zones requests a 
response. 


3. The control loop shall be tuned based on the field conditions.  Typical 
startup conditions are as follows: 
a. Requests: If the loop is less than 85%, send 0 requests.  If the loop 


is greater than 95%, send 1 request. 
b. Importance Multiplies: Multiply zones requests by IM, Default value 


IM=1. Allow rogue zones to be ignored (IM=0).  Identify integral of 
requests hour time to identify rogue zones. 


PART 2 - PRODUCTS (NOT APPLICABLE – REFER TO 230900) 


PART 3 - EXECUTION 


All sequences written here are schematic in nature and are outline in format. Contractor is responsi-
ble for writing detailed sequences in the design-built phase, to meet the projects criteria. Glumac’s 
schematic design narrative should also be referenced and used for temperature setpoints, humidity 
setpoints and other criteria for the project. 


3.1 OPERABLE WINDOWS FOR NATURAL VENTILATION 


A. The windows in the office, meeting, conf, café, etc non-lab spaces shall be operable.  
The occupant shall be able to open the windows manually and the window closed 
status shall be monitored by the BMS. Integral window switches shall be installed to 
shut down VAV in space when windows are opened. 


3.2 VARIABLE AIR VOLUME TERMINAL UNIT – HEATING WATER REHEAT WITH CARBON 
DIOXIDE (CO2) MONITORING 


Note to Contractor: VAV Box control for non-laboratory spaces shall be fully coordinate and integrat-
ed with the requirements of the laboratories. Below is an outline specification only which should be 
re-written to meet the specific project requirements and comply with Title 24 needs: 


A. Features 
1. Cooling damper and actuator 
2. Heating water reheat coil 
3. Carbon dioxide monitoring 
4. All setpoints shall be user adjustable 


B. Run Conditions - Scheduled: The unit shall run according to a user definable time 
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schedule and maintain the following modes: 
1. Occupied Mode Temperatures: 


a. Cooling setpoint - 75⁰F 
b. Heating setpoint - 70⁰F 


2.  Unoccupied Mode Temperatures (night setback): 
VAV boxes shall be tied to occupancy sensors to setback when room is un-
occupied. 
a. Cooling setpoint - 85⁰F 


b. Heating setpoint - 55⁰F 
3. Four air flow control setpoints shall apply as follows: 


a. Occupied cooling maximum air flow as scheduled 
b. Occupied heating maximum air flow as scheduled 
c. Occupied cooling/heating minimum air flow as scheduled 
d. Unoccupied cooling/heating minimum air flow as scheduled 


4. Alarms shall be provided: 


C. Minimum Ventilation on Carbon Dioxide (CO2) Concentration: To Meet Title 24 re-
quirements 


D. Air Flow Control:: 
1. Occupied: 
2. Unoccupied: 


E. Reheat Coil Control Valve: The reheat coil control valve shall fail in the last position 
(non-spring return). 


F. Reheating - High Discharge Air Temperature Limit:  


G. Discharge Air Temperature:  


H. Occupancy Sensor Operation: 


I. Environmental Index: 


3.3 LABORATORIES 


A. Occupancy is determined by an occupancy schedule.  Occupancy or unoccupancy 
air flow set points shall apply.  The total exhaust air volume and the total supply air 
volume for the lab is monitored and controlled to maintain a positive or negative air-
flow relative to the exhaust air flow. 


B. Each fume hood shall be served by its own controller.  The fume hood controller cal-
culates the total fume hood open area based on the fume hood's fixed openings, by-
pass opening, leakage area and sash position as indicated by the sash sensor(s).  
The fume hood controller also continuously calculates the fume hood exhaust CFM 
required to maintain the average face velocity set point based on the total open area 
of the fume hood and the average face velocity (adjustable) set point.  The fume 
hood controller uses a fume hood exhaust terminal to measure actual fume hood 
exhaust CFM and modulate the fume hood exhaust valve or damper to control and 
maintain the required fume hood average face velocity using a proportional, integral 
and derivative (PID) closed loop control algorithm. 


C. The fume hood controller maintains the fume hood exhaust CFM at the desired min-
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imum set point value (adjustable) when the total fume hood open area results in less 
than the desired minimum fume hood exhaust CFM.  This minimum fume hood ex-
haust set point is set to the value recommended by the fume hood manufacturer to 
maintain adequate fume containment and dilution. 


D. Emergency purge mode:  


E. The CAV controller shall modulate the terminal damper or air valve to maintain a 
constant exhaust air volume. 


F. The lab control module (LCM) receives the total value of the fume hood exhaust 
CFM set point via a totalizing device connected to the fume hood controllers and 
measures the actual room general exhaust CFM.  The LCM calculates total room 
exhaust CFM by adding the room general exhaust CFM, the CAV nozzle exhaust 
CFM and the total fume hood exhaust set points together.  The LCM modulates the 
room general exhaust to ensure that a minimum total room exhaust necessary to 
meet the required room ventilation rate is continuously maintained using a propor-
tional, integral and derivative (PID) closed loop control algorithm. 


G. The space CO2 levels shall be monitored at the BMS workstation.  If the CO2 level 
rises above 900 ppm (adj), the supply air cfm shall be reset to the maximum allowa-
ble value that would still maintain pressurization.  The room shall remain at the high-
er airflows until the CO2 level drops below 800 ppm (adj) for 15 mins (adj).  An 
alarm shall display on the BMS is the co2 level rises above 1000 ppm. 


H. Located next to each of the fume hood terminals shall be a ventilation button.  This 
button will be separate from the emergency purge button.  When this button is acti-
vated by the occupant, the lab space shall go into maximum ventilation mode as de-
scribed above.  In case of a spill or emergency, standard emergency procedures 
must be followed by the occupants. 


I. A priority structure applies to the above control applications to ensure that safety is 
maintained as the highest control priority when HVAC systems or individual compo-
nents cannot meet all demands placed upon the system. 


1. Fume hood control is the highest control priority. 


2. Room pressurization is second highest priority. 


3. Room ventilation is the third level of priority. 


4. Room temperature control is the fourth level of priority. 


3.4 VARIABLE AIR VOLUME AIR HANDLING UNIT – CHILLED AND HEATING WATER 


A. Features 
1. Chilled water coil 
2. Supply fan air flow monitoring 
3. Return fan air flow monitoring 
4. Outside air flow monitoring 
5. Air economizer 
6. Trim and respond static air pressure reset 
7. Trim and respond supply air temperature reset 
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8. All setpoints shall be user adjustable 


B. Run Conditions - Requested: 


C. Alarms: 


D. Supply Fan:  


E. Supply Air Duct Static Pressure Control:   


F. Return Fan:  


G. Return Fan Speed Control:  


H. Building Static Pressure Control: Coordinate with Lab Controls 


I. Supply Air Temperature Setpoint - Optimized:   


J. Cooling Coil Valve: 


K. Heating Coil Valve: 


L. Air Economizer: 


M. Minimum Outside Air Ventilation:  


N. Minimum Outside Air Ventilation - Carbon Dioxide (CO2) Control: 


O. Heating Maximum Air Flow: 90 deg (Adj) 


P. Pre-occupancy:  


Q. Prefilter Differential Pressure Monitor:  


R. BAS shall monitor the differential pressure across the final filter. 


S. Mixed Air Temperature: 


T. Return Air Humidity: 


U. Return Air Temperature:  


V. Supply Air Temperature: 


3.5 EXHAUST FAN - ON/OFF TOILETS 


A. Run Conditions - Interlocked: 


B. Fan Status: Heating: 


3.6 LABORATORY EXHAUST FANS 
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A. Each VFD shall communicate all system information status and control parameters 
back to the central control system via a BACnet communication protocol. 


B. The control system shall show the fans running by lighting green led's and show 
fans stopped by lighting red led's. 


C. The control system must have controls for manual and automatic operation. 


D. All control equipment to be housed in NEMA enclosures. 


E. Exhaust system shall operate continuously; fans shall be started and stopped auto-
matically from the bms.  The automatic damper shall open before the fan starts,  mo-
torized dampers to open at least 60 seconds (adjustable) prior to energizing the fan. 


F. The leadlag laboratory exhaust fan control system shall control the sequential opera-
tion of the exhaust fans on a common plenum, and the periodic cycling of the (n+1) 
standby fan while maintaining the system design static pressure (adjustable) to with-
in + or - 10% for a 30 second period of time during sequencing. 


G. The control system shall have a mode to reduce the quantity/speed of fans in opera-
tion and minimize outside bypass air while maintaining the exit velocity required. 


H. The standby fan shall be activated on a two week (adjustable) cycle, for a period of 
one hour (adjustable). Standard standby cycle to be field modified, if required. 


I. Exhaust manifold static pressure measurement exhaust manifold static pressure 
shall be measured in common rooftop exhaust manifold between the fan intakes at 
two points by independent sensors. The exhaust fans shall module speed to main 
the worst case exhaust duct below the minimum setpoint as determined by the air 
balancer. The location shall be submitted for review and approval, and incorporated 
into the controls as-built drawings. The exhaust system control sequence shall en-
sure that the manifold static pressure does not fall below the minimum static pres-
sure required for safe system operation at design conditions (pressure set point de-
termined at air balance) at the designated measurement location(s). 


J. The baseline manifold static pressure set point (estimated to be negative 0.5 - 1.0 in. 
W.g. under normal operation) shall be determined during balance. 


K. The static pressure set point shall be reset + / - 0.2 in w.g. by automatic control from 
the baseline static pressure set point based on the exhaust damper demand. 


L. The static pressure set point shall generate an alarm if the static pressure varies 
from the set point by greater than 0.1" w.g. for over 1 minute. 


M. Fan speed control: exhaust fan speed shall be varied by control loop in order to 
maintain the manifold static pressure at set point. When multiple fans are operating, 
they shall operate in parallel at identical speeds. A zero speed command shall be in-
terpreted as a stop command at the VFD level; a speed command greater than zero 
shall be interpreted as a start command at the VFD level.  


N. Minimum fan speed: the exhaust fan minimum allowable fan speed shall be deter-
mined at balance to be the fan speed that corresponds to the appropriate stack exit 
velocity. 
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O. The bypass damper shall modulate to maintain the static pressure setpoint when the 
exhaust fan is operating at minimum speed. 


3.7 ZONE COILS FOR CLEANROOM 


A. Features 
1. Heating water coil in ductwork 


B. Run Conditions - Scheduled: 
1. Alarms shall be provided as follows: 
2. Zone Setpoint:  


C. Reheating Coil Valve: 


3.8 FAN COIL UNIT 


A. Run Conditions - Scheduled: 
1. Zone Setpoint:  
2. Fan:  


B. Cooling Coil Valve:  


C. Fan Status: 


D. Environmental Index: 


3.9 CHILLED WATER LOOP PUMPS 


A. Main loop distribution system with two pumps piped in parallel, one pump as stand-
by, with variable frequency drives (VFD). 


B. The main loop chilled water pumps alternate to equalize runtime. The pump with the 
least runtime is the lead pump. The pump with the most runtime is the lag pump. Se-
lection of the lead pump is evaluated on a weekly basis and shall change on Sunday 
nights at 11.59 pm. 


C. When the CHW system is on, the lead CHW pump starts. The VFD modulates pump 
speed to maintain system differential pressure (adjustable) as sensed near the end 
of the piping run. The system differential pressure set point shall be determined dur-
ing the balancing phase of the project. 


D. Collect data internal to the VFD and transmitted to the BMS via the network shall 
confirm the pumps are in the desired state (i.e. on or off) and the BMS shall gener-
ate an alarm if status deviates from DDC start/stop control. If the lead pump goes in-
to alarm, the lag pump starts. The BMS system generates a VFD trouble alarm in-
dependent from the pump status. 


E. Main loop distribution system from main campus CHW loop:: 


F. When differential pressure, as sensed near the entrance of the building, in the main 
campus chilled water loop reaches a predetermined set point, the building distribu-
tion pumps shall be stopped, the motorized dampers to the lead/lag pumps shall be 
closed and the motorized 2-position n.c. by-pass valve shall be opened. 
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G. Differential pressure set point shall be determined during the balancing phase of the 
project. 


H. When CHW pumps are off, the campus CHW loop shall maintain system set point. 


I. If the campus CHW loop differential pressure is below set point, the lead building 
distribution pump shall be energized. 


3.10 VARIABLE-PRIMARY DISTRIBUTION - HEATING WATER LOOP PUMPS 


A. The hot water system consists of two steam to water heat exchangers piped in par-
allel, with two recirculation pumps operating in parallel. Hot water distribution pump 
will have variable frequency drive (VFD). The system is BMS controlled with elec-
tronic actuation. 


The system operates as follows (all suggested set points and settings are adjusta-
ble.): 


B. The HHW system will run continuously based on building demand or as pro-
grammed by the building operator (e.g. time-of-day schedule). 


C. When HHW distribution pump operation is proven, the associated steam control 
valve in the circuit shall be enabled for operation. 


D. The associated steam control valve in turn shall start/stop the recirculation pump(s) 
in operation when demand is satisfy on the building and not heating hot water is re-
quired in the building.. 


E. Each heat exchanger is capable and will be staged by the BMS to maintain a hhw 
supply temperature set point. This set point will be automatically reset based on 
main system supply temperature. Main system hhw supply temperature automatical-
ly reset based on outside air temperature. 


F. If the distribution pump fails, an alarm is generated and the pump is turned off. 


G. Data internal to the vfd and transmitted to the bms via the fln network the pump is in 
the desired state (i.e. on or off) and the bms shall generate an alarm if status inde-
pendent from the pump status. 


H. The bms system monitors the controls for the pump status and a common alarm 
condition. 


I. The hhw distribution system with two pumps piped in parallel, one pump as stand-
by, with variable frequency drives (vfd). 


J. The main loop hhw pumps alternate to equalize runtime. The pump with the least 
runtime is the lead pump. The pump with the most runtime is the lag pump. 


K. Selection of the lead pump is evaluated on a weekly basis and shall change on sun-
day nights at 11.59 pm. 


L. When the hhw system is on, the lead hhw pump starts. The vfd modulates pump 
speed to maintain system differential pressure (adjustable) as sensed near the end 
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of the piping run. The system differential set point shall be determined during the 
balancing phase of the project. 


3.11 POWER MONITORING INTERFACE 


A. Metering Requirement shall be determined by design build contractor in detailed de-
sign phase to meet the LEED M&V credit requirements 


B. Electrical Power Interface Monitor:  


3.12 VARIABLE FREQUENCY DRIVE INTERFACETrending Requirement shall be determined by 
design build contractor in detailed design phase to meet the LEED M&V credit re-
quirements 


B. Variable Frequency Drive (VFD) Interface Monitor:  


3.13 BTU METERMetering Requirement shall be determined by design build contractor in de-
tailed design phase to meet the LEED M&V credit requirements 


B. The BAS shall monitor the BTU meter for energy usage on a continual basis.  These 
values shall be made available to the system at all times.  
1. Alarm shall be generated as follows: 


a. Meter Failure: Sensor reading indicates a loss of pulse output from 
the BTU meter. 


C. Peak Demand History:  


The BAS shall monitor and record the peak (high and low) demand readings from 
the BTU meter.  Peak readings shall be recorded on a daily, month-to-date, and 
year-to-date basis.  


D. Usage History: The BAS shall monitor and record BTU meter readings so as to pro-
vide an energy usage history.  Usage readings shall be recorded on a daily, month-
to-date, and year-to-date basis.  


3.14 CHILLED WATER ENERGYMetering Requirement shall be determined by design build con-
tractor in detailed design phase to meet the LEED M&V credit requirements  


B. Chilled Water Demand - Energy Meter: The BAS shall monitor the chilled water sup-
ply temperature, chilled water return temperature and chilled water flow to the build-
ing and calculate current energy demand on a continual basis.  These values shall 
be made available to the system at all times. 
1. Alarm shall be generated as follows: Invalid Reading: Sensor readings indi-


cate an invalid demand value. 


C. Peak Demand History: The BAS shall monitor and record the peak (high and low) 
demand readings from the chilled water energy meter.  Peak readings shall be rec-
orded on a daily, month-to-date, and year-to-date basis. 


D. Usage History: The BAS shall monitor and record chilled water energy meter read-
ings so as to provide an energy usage history.  Usage readings shall be recorded on 
a daily, month-to-date, and year-to-date basis. 
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3.15 HEATING WATER ENERGYMetering Requirement shall be determined by design build con-
tractor in detailed design phase to meet the LEED M&V credit requirements  


B. Heating Water Demand - Energy Meter: The BAS shall monitor the heating water 
supply temperature, heating water return temperature and heating water flow to the 
building and calculate current energy demand on a continual basis.  These values 
shall be made available to the system at all times. 
1. Alarm shall be generated as follows: Invalid Reading: Sensor readings indi-


cate an invalid demand value. 


C. Peak Demand History: The BAS shall monitor and record the peak (high and low) 
demand readings from the heating water energy meter.  Peak readings shall be rec-
orded on a daily, month-to-date, and year-to-date basis. 


D. Usage History: The BAS shall monitor and record chilled water energy meter read-
ings so as to provide an energy usage history.  Usage readings shall be recorded on 
a daily, month-to-date, and year-to-date basis. 


3.16 DOMESTIC HOT WATER ENERGYMetering Requirement shall be determined by design 
build contractor in detailed design phase to meet the LEED M&V credit requirements  


B. Domestic Hot Water Demand - Energy Meter: The BAS shall monitor the domestic 
hot water supply temperature, domestic cold water supply temperature and domestic 
hot water supply flow to the building and calculate current energy demand on a con-
tinual basis.  These values shall be made available to the system at all times. 
1. Alarm shall be generated as follows: Invalid Reading: Sensor readings indi-


cate an invalid demand value. 


C. Peak Demand History: The BAS shall monitor and record the peak (high and low) 
demand readings from the hot water energy meter.  Peak readings shall be recorded 
on a daily, month-to-date, and year-to-date basis. 


D. Usage History: The BAS shall monitor and record chilled water energy meter read-
ings so as to provide an energy usage history.  Usage readings shall be recorded on 
a daily, month-to-date, and year-to-date basis. 


3.17 ELECTRIC METERMetering Requirement shall be determined by design build contractor in 
detailed design phase to meet the LEED M&V credit requirements  


B. The BAS shall monitor the electric consumption on a continual basis.  These values 
shall be made available to the system at all times. 
1. Alarm shall be generated as follows:  Meter Failure: Sensor reading indi-


cates a loss of pulse output from the electric meter. 


C. Peak Demand History:  The BAS shall monitor and record the peak (high and low) 
demand readings from the electric meter.  Peak readings shall be recorded on a dai-
ly, month-to-date, and year-to-date basis. 


D. Usage History: The BAS shall monitor and record electric meter readings so as to 
provide a power consumption history.  Usage readings shall be recorded on a daily, 
month-to-date, and year-to-date basis. 


E. Demand Levels: The BAS shall set the system demand level (adjustable) based on 
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the current power consumption readings from the electric meter.  There shall be six 
daily time periods in which the demand shall be adjusted on three levels.  These 
demand levels shall be available for facility equipment to utilize for demand limiting. 
1. Demand Level 1: Power consumption has exceeded the first demand level 


threshold (adjustable). 
2. Demand Level 2: Power consumption has exceeded the second demand 


level threshold (adjustable). 
3. Demand Level 3: Power consumption has exceeded the third demand level 


threshold (adjustable). 


3.18 GAS METER 


A. Metering Requirement shall be determined by design build contractor in detailed de-
sign phase to meet the LEED M&V credit requirements and campus requirements. 


B. The BAS shall monitor the gas consumption on a continual basis.  These values 
shall be made available to the system at all times. 
1. Alarm shall be generated as follows: Meter Failure: Sensor reading indicates 


a loss of pulse output from the gas meter. 


C. Peak Demand History: The BAS shall monitor and record the peak (high and low) 
demand readings from the gas meter.  Peak readings shall be recorded on a daily, 
month-to-date, and year-to-date basis. 


D. Usage History: The BAS shall monitor and record gas meter readings so as to pro-
vide a gas consumption history.  Usage readings shall be recorded on a daily, 
month-to-date, and year-to-date basis. 


E. Gas metering consumption shall communicate with BAS for data output to dash-
boards. 


3.19 OUTSIDE AIR CONDITIONS 


A. The BAS shall monitor the outside air temperature and dewpoint (humidity) and cal-
culate the outside air enthalpy on a continual basis.  These values shall be made 
available to the system at all times. 


B. Sensor Failure Alarm:  


C. Outside Air Temperature History:  


3.20 WATER FLOW METERMetering Requirement shall be determined by design build contrac-
tor in detailed design phase to meet the LEED M&V credit requirements 


A. Water Meter: The BAS shall monitor the water consumption on a continual basis.  
These values shall be made available to the system at all times. 
1. Alarm shall be generated as follows: Meter Failure: Sensor reading indicates 


a loss of pulse output from the water meter. 


B. Peak Demand History: The BAS shall monitor and record the peak (high and low) 
demand readings from the water meter.  These readings shall be recorded on a dai-
ly, month-to-date, and year-to-date basis. 
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C. Usage History: The BAS shall monitor and record water meter readings so as to 
provide a water consumption history.  Usage readings shall be recorded on a daily, 
month-to-date, and year-to-date basis. 


3.21 STEAM CONDENSATE PUMP 


A. Equipment operation and Alarms: 


3.22 EMERGENCY GENERATOR 


A. Generator Operation: 
1. Alarms: 


B. Change-Over Operation: 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. This Section includes control sequences for HVAC systems, subsystems, and equipment.

		B. Related Sections include the following:



		1.3 DEFINITIONS

		A. BAS: Building Automation System

		B. DDC: Direct digital control.

		C. VAV: Variable air volume

		D. VFD: Variable frequency drive.



		1.4 ABBREVIATIONS

		A. The following abbreviations may be used in graphics, schematics, point names, and other UI applications where space is at a premium.



		1.5 BACNET COMMUNICATIONS INTERFACE

		A. For all equipment designated with a BACnet communication interface module, the controls contractor shall review the sequence of operation identified below and coordinate with each approved equipment manufacturer to provide the designated points either through the interface or a hard wire connection (at no additional cost) where capability is not available through interface.

		B. The controls contractor shall identify points to be either commanded, trended or monitored through the interface.  At a minimum, the BAS shall have capability to access the following functions for the system and all subequipment: system enable, equipment enable, status, alarm, temperature, pressure, reset signals, maintenance alarm, operation mode, run time, firing/input rate, set point adjustment, delay and scheduling. 

		C. The controls contractor shall coordinate with each approved equipment manufacturer to provide a full list of available points available through the interface.  All functions to be mapped through the interface should be submitted for engineer approval.



		1.6 TRIM AND RESPOND RESET LOGIC

		A. Definitions:

		B. Controls contractor shall provide trim and respond reset logic as follows:





		PART 2 - PRODUCTS (NOT APPLICABLE – REFER TO 230900)

		PART 3 - EXECUTION

		3.1 OPERABLE WINDOWS FOR NATURAL VENTILATION

		A. The windows in the office, meeting, conf, café, etc non-lab spaces shall be operable.  The occupant shall be able to open the windows manually and the window closed status shall be monitored by the BMS. Integral window switches shall be installed to shut down VAV in space when windows are opened.



		3.2 VARIABLE AIR VOLUME TERMINAL UNIT – HEATING WATER REHEAT WITH CARBON DIOXIDE (CO2) MONITORING

		A. Features

		B. Run Conditions - Scheduled: The unit shall run according to a user definable time schedule and maintain the following modes:

		C. Minimum Ventilation on Carbon Dioxide (CO2) Concentration: To Meet Title 24 requirements

		D. Air Flow Control::

		E. Reheat Coil Control Valve: The reheat coil control valve shall fail in the last position (non-spring return).

		F. Reheating - High Discharge Air Temperature Limit: 

		G. Discharge Air Temperature: 

		H. Occupancy Sensor Operation:

		I. Environmental Index:



		3.3 LABORATORIES

		A. Occupancy is determined by an occupancy schedule.  Occupancy or unoccupancy air flow set points shall apply.  The total exhaust air volume and the total supply air volume for the lab is monitored and controlled to maintain a positive or negative airflow relative to the exhaust air flow.

		B. Each fume hood shall be served by its own controller.  The fume hood controller calculates the total fume hood open area based on the fume hood's fixed openings, bypass opening, leakage area and sash position as indicated by the sash sensor(s).  The fume hood controller also continuously calculates the fume hood exhaust CFM required to maintain the average face velocity set point based on the total open area of the fume hood and the average face velocity (adjustable) set point.  The fume hood controller uses a fume hood exhaust terminal to measure actual fume hood exhaust CFM and modulate the fume hood exhaust valve or damper to control and maintain the required fume hood average face velocity using a proportional, integral and derivative (PID) closed loop control algorithm.

		C. The fume hood controller maintains the fume hood exhaust CFM at the desired minimum set point value (adjustable) when the total fume hood open area results in less than the desired minimum fume hood exhaust CFM.  This minimum fume hood exhaust set point is set to the value recommended by the fume hood manufacturer to maintain adequate fume containment and dilution.

		D. Emergency purge mode: 

		E. The CAV controller shall modulate the terminal damper or air valve to maintain a constant exhaust air volume.

		F. The lab control module (LCM) receives the total value of the fume hood exhaust CFM set point via a totalizing device connected to the fume hood controllers and measures the actual room general exhaust CFM.  The LCM calculates total room exhaust CFM by adding the room general exhaust CFM, the CAV nozzle exhaust CFM and the total fume hood exhaust set points together.  The LCM modulates the room general exhaust to ensure that a minimum total room exhaust necessary to meet the required room ventilation rate is continuously maintained using a proportional, integral and derivative (PID) closed loop control algorithm.

		G. The space CO2 levels shall be monitored at the BMS workstation.  If the CO2 level rises above 900 ppm (adj), the supply air cfm shall be reset to the maximum allowable value that would still maintain pressurization.  The room shall remain at the higher airflows until the CO2 level drops below 800 ppm (adj) for 15 mins (adj).  An alarm shall display on the BMS is the co2 level rises above 1000 ppm.

		H. Located next to each of the fume hood terminals shall be a ventilation button.  This button will be separate from the emergency purge button.  When this button is activated by the occupant, the lab space shall go into maximum ventilation mode as described above.  In case of a spill or emergency, standard emergency procedures must be followed by the occupants.

		I. A priority structure applies to the above control applications to ensure that safety is maintained as the highest control priority when HVAC systems or individual components cannot meet all demands placed upon the system.

		1. Fume hood control is the highest control priority.

		2. Room pressurization is second highest priority.

		3. Room ventilation is the third level of priority.

		4. Room temperature control is the fourth level of priority.



		3.4 VARIABLE AIR VOLUME AIR HANDLING UNIT – CHILLED AND HEATING WATER

		A. Features

		B. Run Conditions - Requested:

		C. Alarms:

		D. Supply Fan: 

		E. Supply Air Duct Static Pressure Control:  

		F. Return Fan: 

		G. Return Fan Speed Control: 

		H. Building Static Pressure Control: Coordinate with Lab Controls

		I. Supply Air Temperature Setpoint - Optimized:  

		J. Cooling Coil Valve:

		K. Heating Coil Valve:

		L. Air Economizer:

		M. Minimum Outside Air Ventilation: 

		N. Minimum Outside Air Ventilation - Carbon Dioxide (CO2) Control:

		O. Heating Maximum Air Flow: 90 deg (Adj)

		P. Pre-occupancy: 

		Q. Prefilter Differential Pressure Monitor: 

		R. BAS shall monitor the differential pressure across the final filter.

		S. Mixed Air Temperature:

		T. Return Air Humidity:

		U. Return Air Temperature: 

		V. Supply Air Temperature:



		3.5 EXHAUST FAN - ON/OFF TOILETS

		A. Run Conditions - Interlocked:

		B. Fan Status: Heating:



		3.6 LABORATORY EXHAUST FANS

		A. Each VFD shall communicate all system information status and control parameters back to the central control system via a BACnet communication protocol.

		B. The control system shall show the fans running by lighting green led's and show fans stopped by lighting red led's.

		C. The control system must have controls for manual and automatic operation.

		D. All control equipment to be housed in NEMA enclosures.

		E. Exhaust system shall operate continuously; fans shall be started and stopped automatically from the bms.  The automatic damper shall open before the fan starts,  motorized dampers to open at least 60 seconds (adjustable) prior to energizing the fan.

		F. The leadlag laboratory exhaust fan control system shall control the sequential operation of the exhaust fans on a common plenum, and the periodic cycling of the (n+1) standby fan while maintaining the system design static pressure (adjustable) to within + or - 10% for a 30 second period of time during sequencing.

		G. The control system shall have a mode to reduce the quantity/speed of fans in operation and minimize outside bypass air while maintaining the exit velocity required.

		H. The standby fan shall be activated on a two week (adjustable) cycle, for a period of one hour (adjustable). Standard standby cycle to be field modified, if required.

		I. Exhaust manifold static pressure measurement exhaust manifold static pressure shall be measured in common rooftop exhaust manifold between the fan intakes at two points by independent sensors. The exhaust fans shall module speed to main the worst case exhaust duct below the minimum setpoint as determined by the air balancer. The location shall be submitted for review and approval, and incorporated into the controls as-built drawings. The exhaust system control sequence shall ensure that the manifold static pressure does not fall below the minimum static pressure required for safe system operation at design conditions (pressure set point determined at air balance) at the designated measurement location(s).

		J. The baseline manifold static pressure set point (estimated to be negative 0.5 - 1.0 in. W.g. under normal operation) shall be determined during balance.

		K. The static pressure set point shall be reset + / - 0.2 in w.g. by automatic control from the baseline static pressure set point based on the exhaust damper demand.

		L. The static pressure set point shall generate an alarm if the static pressure varies from the set point by greater than 0.1" w.g. for over 1 minute.

		M. Fan speed control: exhaust fan speed shall be varied by control loop in order to maintain the manifold static pressure at set point. When multiple fans are operating, they shall operate in parallel at identical speeds. A zero speed command shall be interpreted as a stop command at the VFD level; a speed command greater than zero shall be interpreted as a start command at the VFD level. 

		N. Minimum fan speed: the exhaust fan minimum allowable fan speed shall be determined at balance to be the fan speed that corresponds to the appropriate stack exit velocity.

		O. The bypass damper shall modulate to maintain the static pressure setpoint when the exhaust fan is operating at minimum speed.



		3.7 ZONE COILS FOR CLEANROOM

		A. Features

		B. Run Conditions - Scheduled:

		C. Reheating Coil Valve:



		3.8 FAN COIL UNIT

		A. Run Conditions - Scheduled:

		B. Cooling Coil Valve: 

		C. Fan Status:

		D. Environmental Index:



		3.9 CHILLED WATER LOOP PUMPS

		A. Main loop distribution system with two pumps piped in parallel, one pump as stand-by, with variable frequency drives (VFD).

		B. The main loop chilled water pumps alternate to equalize runtime. The pump with the least runtime is the lead pump. The pump with the most runtime is the lag pump. Selection of the lead pump is evaluated on a weekly basis and shall change on Sunday nights at 11.59 pm.

		C. When the CHW system is on, the lead CHW pump starts. The VFD modulates pump speed to maintain system differential pressure (adjustable) as sensed near the end of the piping run. The system differential pressure set point shall be determined during the balancing phase of the project.

		D. Collect data internal to the VFD and transmitted to the BMS via the network shall confirm the pumps are in the desired state (i.e. on or off) and the BMS shall generate an alarm if status deviates from DDC start/stop control. If the lead pump goes into alarm, the lag pump starts. The BMS system generates a VFD trouble alarm independent from the pump status.

		E. Main loop distribution system from main campus CHW loop::

		F. When differential pressure, as sensed near the entrance of the building, in the main campus chilled water loop reaches a predetermined set point, the building distribution pumps shall be stopped, the motorized dampers to the lead/lag pumps shall be closed and the motorized 2-position n.c. by-pass valve shall be opened.

		G. Differential pressure set point shall be determined during the balancing phase of the project.

		H. When CHW pumps are off, the campus CHW loop shall maintain system set point.

		I. If the campus CHW loop differential pressure is below set point, the lead building distribution pump shall be energized.



		3.10 VARIABLE-PRIMARY DISTRIBUTION - HEATING WATER LOOP PUMPS

		A. The hot water system consists of two steam to water heat exchangers piped in parallel, with two recirculation pumps operating in parallel. Hot water distribution pump will have variable frequency drive (VFD). The system is BMS controlled with electronic actuation.

		The system operates as follows (all suggested set points and settings are adjustable.):

		B. The HHW system will run continuously based on building demand or as programmed by the building operator (e.g. time-of-day schedule).

		C. When HHW distribution pump operation is proven, the associated steam control valve in the circuit shall be enabled for operation.

		D. The associated steam control valve in turn shall start/stop the recirculation pump(s) in operation when demand is satisfy on the building and not heating hot water is required in the building..

		E. Each heat exchanger is capable and will be staged by the BMS to maintain a hhw supply temperature set point. This set point will be automatically reset based on main system supply temperature. Main system hhw supply temperature automatically reset based on outside air temperature.

		F. If the distribution pump fails, an alarm is generated and the pump is turned off.

		G. Data internal to the vfd and transmitted to the bms via the fln network the pump is in the desired state (i.e. on or off) and the bms shall generate an alarm if status independent from the pump status.

		H. The bms system monitors the controls for the pump status and a common alarm condition.

		I. The hhw distribution system with two pumps piped in parallel, one pump as stand-by, with variable frequency drives (vfd).

		J. The main loop hhw pumps alternate to equalize runtime. The pump with the least runtime is the lead pump. The pump with the most runtime is the lag pump.

		K. Selection of the lead pump is evaluated on a weekly basis and shall change on sunday nights at 11.59 pm.

		L. When the hhw system is on, the lead hhw pump starts. The vfd modulates pump speed to maintain system differential pressure (adjustable) as sensed near the end of the piping run. The system differential set point shall be determined during the balancing phase of the project.



		3.11 POWER MONITORING INTERFACE

		A. Metering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements

		B. Electrical Power Interface Monitor: 



		3.12 VARIABLE FREQUENCY DRIVE INTERFACETrending Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements

		B. Variable Frequency Drive (VFD) Interface Monitor: 



		3.13 BTU METERMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements

		B. The BAS shall monitor the BTU meter for energy usage on a continual basis.  These values shall be made available to the system at all times. 

		C. Peak Demand History: 

		The BAS shall monitor and record the peak (high and low) demand readings from the BTU meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis. 

		D. Usage History: The BAS shall monitor and record BTU meter readings so as to provide an energy usage history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis. 



		3.14 CHILLED WATER ENERGYMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements 

		B. Chilled Water Demand - Energy Meter: The BAS shall monitor the chilled water supply temperature, chilled water return temperature and chilled water flow to the building and calculate current energy demand on a continual basis.  These values shall be made available to the system at all times.

		C. Peak Demand History: The BAS shall monitor and record the peak (high and low) demand readings from the chilled water energy meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		D. Usage History: The BAS shall monitor and record chilled water energy meter readings so as to provide an energy usage history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.



		3.15 HEATING WATER ENERGYMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements 

		B. Heating Water Demand - Energy Meter: The BAS shall monitor the heating water supply temperature, heating water return temperature and heating water flow to the building and calculate current energy demand on a continual basis.  These values shall be made available to the system at all times.

		C. Peak Demand History: The BAS shall monitor and record the peak (high and low) demand readings from the heating water energy meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		D. Usage History: The BAS shall monitor and record chilled water energy meter readings so as to provide an energy usage history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.



		3.16 DOMESTIC HOT WATER ENERGYMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements 

		B. Domestic Hot Water Demand - Energy Meter: The BAS shall monitor the domestic hot water supply temperature, domestic cold water supply temperature and domestic hot water supply flow to the building and calculate current energy demand on a continual basis.  These values shall be made available to the system at all times.

		C. Peak Demand History: The BAS shall monitor and record the peak (high and low) demand readings from the hot water energy meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		D. Usage History: The BAS shall monitor and record chilled water energy meter readings so as to provide an energy usage history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.



		3.17 ELECTRIC METERMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements 

		B. The BAS shall monitor the electric consumption on a continual basis.  These values shall be made available to the system at all times.

		C. Peak Demand History:  The BAS shall monitor and record the peak (high and low) demand readings from the electric meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		D. Usage History: The BAS shall monitor and record electric meter readings so as to provide a power consumption history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		E. Demand Levels: The BAS shall set the system demand level (adjustable) based on the current power consumption readings from the electric meter.  There shall be six daily time periods in which the demand shall be adjusted on three levels.  These demand levels shall be available for facility equipment to utilize for demand limiting.



		3.18 GAS METER

		A. Metering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements and campus requirements.

		B. The BAS shall monitor the gas consumption on a continual basis.  These values shall be made available to the system at all times.

		C. Peak Demand History: The BAS shall monitor and record the peak (high and low) demand readings from the gas meter.  Peak readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		D. Usage History: The BAS shall monitor and record gas meter readings so as to provide a gas consumption history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		E. Gas metering consumption shall communicate with BAS for data output to dashboards.



		3.19 OUTSIDE AIR CONDITIONS

		A. The BAS shall monitor the outside air temperature and dewpoint (humidity) and calculate the outside air enthalpy on a continual basis.  These values shall be made available to the system at all times.

		B. Sensor Failure Alarm: 

		C. Outside Air Temperature History: 



		3.20 WATER FLOW METERMetering Requirement shall be determined by design build contractor in detailed design phase to meet the LEED M&V credit requirements

		A. Water Meter: The BAS shall monitor the water consumption on a continual basis.  These values shall be made available to the system at all times.

		B. Peak Demand History: The BAS shall monitor and record the peak (high and low) demand readings from the water meter.  These readings shall be recorded on a daily, month-to-date, and year-to-date basis.

		C. Usage History: The BAS shall monitor and record water meter readings so as to provide a water consumption history.  Usage readings shall be recorded on a daily, month-to-date, and year-to-date basis.



		3.21 STEAM CONDENSATE PUMP

		A. Equipment operation and Alarms:



		3.22 EMERGENCY GENERATOR

		A. Generator Operation:

		B. Change-Over Operation:
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 


1. Pipes, tubes, and fittings. 
2. Piping specialties. 
3. Piping and tubing joining materials. 
4. Valves. 
5. Pressure regulators. 
6. Service meters. 
7. Concrete bases. 


1.3 DEFINITIONS 


A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, 
pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, 
unexcavated spaces, crawlspaces, and tunnels. 


B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied 
spaces and mechanical equipment rooms. 


C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient 
temperatures and weather conditions. Examples include rooftop locations. 


1.4 PERFORMANCE REQUIREMENTS 


A. Minimum Operating-Pressure Ratings: 


1. Piping and Valves: 100 psig (690 kPa) minimum unless otherwise indicated. 
2. Service Regulators: 65 psig (450 kPa) minimum unless otherwise indicated. 
3. Minimum Operating Pressure of Service Meter: 0.5 psig (3.45 kPa). 


B. Natural-Gas System Pressure within Buildings: 0.5 psig (3.45 kPa) Natural-Gas System 
Pressures within Buildings: Primary pressure is 0.5 psig (3.45 kPa) 


1.5 ACTION SUBMITTALS 


A. Product Data: For each type of the following: 


1. Piping specialties. 
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2. Valves. Include pressure rating, capacity, settings, and electrical connection data of 
selected models. 


3. Pressure regulators. Indicate pressure ratings and capacities. 
4. Service meters. Indicate pressure ratings and capacities. Include supports. 
5. Dielectric fittings. 


B. Shop Drawings: For facility natural-gas piping layout. Include plans, piping layout and 
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple 
pipes, alignment guides, expansion joints and loops, and attachments of the same to building 
structure. Detail location of anchors, alignment guides, and expansion joints and loops. 


1. Shop Drawing Scale: 1/4 inch per foot or 1/8” per foot. 
2. Detail mounting, supports, and valve arrangements for service meter assembly and 


pressure regulator assembly. 


1.6 INFORMATIONAL SUBMITTALS 


A. Coordination Drawings: Plans and details, drawn to scale, on which natural-gas piping is shown 
and coordinated with other installations, using input from installers of the items involved. 


B. Site Survey: Plans, drawn to scale, on which natural-gas piping is shown and coordinated with 
other services and utilities. 


C. Qualification Data: For qualified professional engineer. 


D. Welding certificates. 


E. Field quality-control reports. 


1.7 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For pressure regulators service meters to include in 
emergency, operation, and maintenance manuals. 


1.8 QUALITY ASSURANCE 


A. Steel Support Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 


B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and 
Pressure Vessel Code. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and application. 
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1.9 DELIVERY, STORAGE, AND HANDLING 


A. Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping 
according to requirements of authorities having jurisdiction. 


B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 


C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging 
coating, and protect from direct sunlight. 


D. Protect stored PE pipes and valves from direct sunlight. 


1.10 PROJECT CONDITIONS 


A. Perform site survey, research public utility records, and verify existing utility locations. Contact 
utility-locating service for area where Project is located. 


B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only after 
arranging to provide purging and startup of natural-gas supply according to requirements 
indicated: 


1. Notify Construction Manager no fewer than two days in advance of proposed interruption 
of natural-gas service. 


2. Do not proceed with interruption of natural-gas service without Construction Manager's 
written permission. 


1.11 COORDINATION 


A. Coordinate sizes and locations of concrete bases with actual equipment provided. 


B. Coordinate requirements for access panels and doors for valves installed concealed behind 
finished surfaces.  


PART 2 - PRODUCTS 


2.1 PIPES, TUBES, AND FITTINGS 


A. Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B. 


1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern. 
2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket 


welding. 
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, 


and threaded ends. 
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4. Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, including 
bolts, nuts, and gaskets of the following material group, end connections, and facings: 


a. Material Group: 1.1. 
b. End Connections: Threaded or butt welding to match pipe. 
c. Lapped Face: Not permitted underground. 
d. Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, 


and spiral-wound metal gaskets. 
e. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground and stainless steel 


underground. 


5. Protective Coating for Underground Piping: Factory-applied, three-layer coating of epoxy, 
adhesive, and PE. 


a. Joint Cover Kits: Epoxy paint, adhesive, and heat-shrink PE sleeves. 


6. Mechanical Couplings: 


a. Steel flanges and tube with epoxy finish. 
b. Buna-nitrile seals. 
c. Steel bolts, washers, and nuts. 
d. Coupling shall be capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or 


steel pipe to steel pipe. 
e. Steel body couplings installed underground on plastic pipe shall be factory 


equipped with anode. 


B. PE Pipe: ASTM D 2513, SDR 11. 


1. PE Fittings: ASTM D 2683, socket-fusion type or ASTM D 3261, butt-fusion type with 
dimensions matching PE pipe. 


2. PE Transition Fittings: Factory-fabricated fittings with PE pipe complying with 
ASTM D 2513, SDR 11; and steel pipe complying with ASTM A 53/A 53M, black steel, 
Schedule 40, Type E or S, Grade B. 


3. Anodeless Service-Line Risers: Factory fabricated and leak tested. 


a. Underground Portion: PE pipe complying with ASTM D 2513, SDR 11 inlet. 
b. Casing: Steel pipe complying with ASTM A 53/A 53M, Schedule 40, black steel, 


Type E or S, Grade B, with corrosion-protective coating covering.  
c. Aboveground Portion: PE transition fitting. 
d. Outlet shall be threaded or flanged or suitable for welded connection. 
e. Tracer wire connection. 
f. Ultraviolet shield. 
g. Stake supports with factory finish to match steel pipe casing or carrier pipe. 


4. Transition Service-Line Risers: Factory fabricated and leak tested. 


a. Underground Portion: PE pipe complying with ASTM D 2513, SDR 11 inlet 
connected to steel pipe complying with ASTM A 53/A 53M, Schedule 40, Type E or 
S, Grade B, with corrosion-protective coating for aboveground outlet. 


b. Outlet shall be threaded or flanged or suitable for welded connection. 
c. Bridging sleeve over mechanical coupling. 
d. Factory-connected anode. 
e. Tracer wire connection. 
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f. Ultraviolet shield. 
g. Stake supports with factory finish to match steel pipe casing or carrier pipe. 


2.2 PIPING SPECIALTIES 


A. Appliance Flexible Connectors: 


1. Indoor, Fixed-Appliance Flexible Connectors: Comply with ANSI Z21.24. 
2. Indoor, Movable-Appliance Flexible Connectors: Comply with ANSI Z21.69. 
3. Outdoor, Appliance Flexible Connectors: Comply with ANSI Z21.75. 
4. Corrugated stainless-steel tubing with polymer coating. 
5. Operating-Pressure Rating: 0.5 psig (3.45 kPa). 
6. End Fittings: Zinc-coated steel. 
7. Threaded Ends: Comply with ASME B1.20.1. 
8. Maximum Length: 72 inches (1830 mm.) 


2.3 JOINING MATERIALS 


A. Joint Compound and Tape: Suitable for natural gas. 


B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 


C. Brazing Filler Metals: Alloy with melting point greater than 1000 deg F (540 deg C) complying 
with AWS A5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are 
prohibited. 


2.4 MANUAL GAS SHUTOFF VALVES 


A. See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas 
Shutoff Valve Schedule" Articles for where each valve type is applied in various services. 


B. General Requirements for Metallic Valves, NPS 2 (DN 50) and Smaller: Comply with 
ASME B16.33. 


1. CWP Rating: 125 psig (862 kPa) 
2. Threaded Ends: Comply with ASME B1.20.1. 
3. Dryseal Threads on Flare Ends: Comply with ASME B1.20.3. 
4. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas 


Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 


5. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for 
valves 1 inch (25 mm) and smaller. 


6. Service Mark: Valves 1-1/4 inches (32 mm) to NPS 2 (DN 50) shall have initials "WOG" 
permanently marked on valve body. 


C. General Requirements for Metallic Valves, NPS 2-1/2 (DN 65) and Larger: Comply with 
ASME B16.38. 
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1. CWP Rating: 125 psig (862 kPa). 
2. Flanged Ends: Comply with ASME B16.5 for steel flanges. 
3. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas 


Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" 
Articles. 


4. Service Mark: Initials "WOG" shall be permanently marked on valve body. 


D. Valve Boxes: 


1. Cast-iron, two-section box. 
2. Top section with cover with "GAS" lettering. 
3. Bottom section with base to fit over valve and barrel a minimum of 5 inches (125 mm) in 


diameter. 
4. Adjustable cast-iron extensions of length required for depth of bury. 
5. Include tee-handle, steel operating wrench with socket end fitting valve nut or flat head, 


and with stem of length required to operate valve. 


2.5 EARTHQUAKE VALVES 


A. Earthquake Valves: Comply with ASCE 25. 


1. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction. 
2. Maximum Operating Pressure: 0.5 psig (3.45 kPa). 
3. Cast-aluminum body with stainless-steel internal parts. 
4. Nitrile-rubber, reset-stem o-ring seal. 
5. Valve position, open or closed, indicator. 
6. Composition valve seat with clapper held by spring or magnet locking mechanism. 
7. Level indicator. 
8. End Connections: Threaded for valves NPS 2 (DN 50) and smaller; flanged for valves 


NPS 2-1/2 (DN 65) and larger. 


2.6 PRESSURE REGULATORS 


A. General Requirements: 


1. Single stage and suitable for natural gas. 
2. Steel jacket and corrosion-resistant components. 
3. Elevation compensator. 
4. End Connections: Threaded for regulators NPS 2 (DN 50) and smaller; flanged for 


regulators NPS 2-1/2 (DN 65) and larger. 


B. Line Pressure Regulators: Comply with ANSI Z21.80. 
1. Body and Diaphragm Case: Cast iron or die-cast aluminum. 
2. Springs: Zinc-plated steel; interchangeable. 
3. Diaphragm Plate: Zinc-plated steel. 
4. Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the 


valve port. 
5. Orifice: Aluminum; interchangeable. 
6. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon. 
7. Single-port, self-contained regulator with orifice no larger than required at maximum 


pressure inlet, and no pressure sensing piping external to the regulator. 
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8. Pressure regulator shall maintain discharge pressure setting downstream, and not 
exceed 150 percent of design discharge pressure at shutoff. 


9. Overpressure Protection Device: Factory mounted on pressure regulator. 
10. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not 


connected to vent piping. 
11. Maximum Inlet Pressure: 2 psig (13.8 kPa). 


C. Appliance Pressure Regulators: Comply with ANSI Z21.18. 
1. Body and Diaphragm Case: Die-cast aluminum. 
2. Springs: Zinc-plated steel; interchangeable. 
3. Diaphragm Plate: Zinc-plated steel. 
4. Seat Disc: Nitrile rubber. 
5. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon. 
6. Factory-Applied Finish: Minimum three-layer polyester and polyurethane paint finish. 
7. Regulator may include vent limiting device, instead of vent connection, if approved by 


authorities having jurisdiction. 
8. Maximum Inlet Pressure: 1 psig (6.9 kPa). 


2.7 SERVICE METERS 


A. Diaphragm-Type Service Meters: Comply with ANSI B109.1. 
1. Case: Die-cast aluminum. 
2. Connections: Steel threads. 
3. Diaphragm: Synthetic fabric. 
4. Diaphragm Support Bearings: Self-lubricating. 
5. Compensation: Continuous temperature and pressure. 
6. Meter Index: Cubic feet. 
7. Meter Case and Index: Tamper resistant. 
8. Remote meter reader compatible. 
9. Maximum Inlet Pressure: 100 psig (690 kPa). 
10. Pressure Loss: Maximum 0.5-inch wg (124 Pa). 
11. Accuracy: Maximum plus or minus 1.0 percent. 


2.8 DIELECTRIC FITTINGS 


A. General Requirements: Assembly of copper alloy and ferrous materials with separating 
nonconductive insulating material. Include end connections compatible with pipes to be joined. 


B. Dielectric Unions: 
1. Description: 


a. Standard: ASSE 1079. 
b. Pressure Rating: 125 psig (860 kPa) minimum at 180 deg F (82 deg C). 
c. End Connections: Solder-joint copper alloy and threaded ferrous. 


C. Dielectric Flanges: 
1. Description: 


a. Standard: ASSE 1079. 
b. Factory-fabricated, bolted, companion-flange assembly. 
c. Pressure Rating: [125 psig (860 kPa) minimum at 180 deg F (82 deg C). 
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d. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-
joint copper alloy and threaded ferrous. 


2.9 LABELING AND IDENTIFYING 


A. Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape manufactured for 
marking and identifying underground utilities, a minimum of 6 inches (150 mm) wide and 4 mils 
(0.1 mm) thick, continuously inscribed with a description of utility, with metallic core encased in 
a protective jacket for corrosion protection, detectable by metal detector when tape is buried up 
to 30 inches (750 mm) deep; colored yellow. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine roughing-in for natural-gas piping system to verify actual locations of piping 
connections before equipment installation. 


B. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 PREPARATION 


A. Close equipment shutoff valves before turning off natural gas to premises or piping section. 


B. Inspect natural-gas piping according to NFPA 54 to determine that natural-gas utilization 
devices are turned off in piping section affected. 


C. Comply with NFPA 54 requirements for prevention of accidental ignition. 


3.3 OUTDOOR PIPING INSTALLATION 


A. Comply with NFPA 54 for installation and purging of natural-gas piping. 


B. Install underground, natural-gas piping buried at least 36 inches (900 mm) below finished grade. 
Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and 
backfilling. 


1. If natural-gas piping is installed less than 36 inches (900 mm) below finished grade, 
install it in containment conduit. 


C. Install underground, PE, natural-gas piping according to ASTM D 2774. 


D. Steel Piping with Protective Coating: 


1. Apply joint cover kits to pipe after joining to cover, seal, and protect joints. 
2. Repair damage to PE coating on pipe as recommended in writing by protective coating 


manufacturer. 
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3. Replace pipe having damaged PE coating with new pipe. 


E. Install fittings for changes in direction and branch connections. 


F. Install pressure gage downstream from each service regulator. Pressure gages are specified in 
Section 230519 "Meters and Gages for HVAC Piping." 


3.4 INDOOR PIPING INSTALLATION 


A. Comply with NFPA 54 for installation and purging of natural-gas piping. 


B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. Indicated locations and arrangements are used to size pipe and calculate friction loss, 
expansion, and other design considerations. Install piping as indicated unless deviations to 
layout are approved on Coordination Drawings. 


C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during 
progress of construction, to allow for mechanical installations. 


D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms 
and service areas. 


E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 


F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 


G. Locate valves for easy access. 


H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps. 


I. Install piping free of sags and bends. 


J. Install fittings for changes in direction and branch connections. 


K. Verify final equipment locations for roughing-in. 


L. Comply with requirements in Sections specifying gas-fired appliances and equipment for 
roughing-in requirements. 


M. Drips and Sediment Traps: Install drips at points where condensate may collect, including 
service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install 
where condensate is subject to freezing. 


1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. 
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) 
long and same size as connected pipe. Install with space below bottom of drip to remove 
plug or cap. 
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N. Extend relief vent connections for service regulators, line regulators, and overpressure 
protection devices to outdoors and terminate with weatherproof vent cap. 


O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or 
floors, and in floor channels unless indicated to be exposed to view. 


P. Concealed Location Installations: Except as specified below, install concealed natural-gas 
piping and piping installed under the building in containment conduit constructed of steel pipe 
with welded joints as described in Part 2. Install a vent pipe from containment conduit to 
outdoors and terminate with weatherproof vent cap. 


1. Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators may be 
installed in accessible spaces without containment conduit. 


2. In Floors: Install natural-gas piping with welded or brazed joints and protective coating in 
cast-in-place concrete floors. Cover piping to be cast in concrete slabs with minimum of 
1-1/2 inches (38 mm) of concrete. Piping may not be in physical contact with other 
metallic structures such as reinforcing rods or electrically neutral conductors. Do not 
embed piping in concrete slabs containing quick-set additives or cinder aggregate. 


3. In Floor Channels: Install natural-gas piping in floor channels. Channels must have cover 
and be open to space above cover for ventilation. 


4. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls from 
physical damage using steel striker barriers at rigid supports. 


a. Exception: Tubing passing through partitions or walls does not require striker 
barriers. 


5. Prohibited Locations: 


a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash 
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator 
shafts. 


b. Do not install natural-gas piping in solid walls or partitions. 


Q. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side 
down. 


R. Connect branch piping from top or side of horizontal piping. 


S. Install unions in pipes NPS 2 (DN 50) and smaller, adjacent to each valve, at final connection to 
each piece of equipment. Unions are not required at flanged connections. 


T. Do not use natural-gas piping as grounding electrode. 


U. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated 
valve. 


V. Install pressure gage downstream from each line regulator. Pressure gages are specified in 
Section 230519 "Meters and Gages for HVAC Piping." 


W. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements for 
sleeves specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping." 
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X. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with 
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC 
Piping." 


Y. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with 
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping." 


3.5 SERVICE-METER ASSEMBLY INSTALLATION 


A. Install service-meter assemblies aboveground on concrete bases. 


B. Install metal shutoff valves upstream from service regulators. Shutoff valves are not required at 
second regulators if two regulators are installed in series. 


C. Install strainer on inlet of service-pressure regulator and meter set. 


D. Install service regulators mounted outside with vent outlet horizontal or facing down. Install 
screen in vent outlet if not integral with service regulator. 


E. Install metal shutoff valves upstream from service meters. Install dielectric fittings downstream 
from service meters. 


F. Install service meters downstream from pressure regulators. 


G. Install metal bollards to protect meter assemblies. Comply with requirements in Section 055000 
"Metal Fabrications" for pipe bollards. 


3.6 VALVE INSTALLATION 


A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel 
tubing, aluminum, or copper connector. 


B. Install underground valves with valve boxes. 


C. Install regulators and overpressure protection devices with maintenance access space 
adequate for servicing and testing. 


D. Install earthquake valves aboveground outside buildings according to listing. 


E. Install anode for metallic valves in underground PE piping. 


3.7 PIPING JOINT CONSTRUCTION 


A. Ream ends of pipes and tubes and remove burrs. 


B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 


C. Threaded Joints: 
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1. Thread pipe with tapered pipe threads complying with ASME B1.20.1. 
2. Cut threads full and clean using sharp dies. 
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe. 
4. Apply appropriate tape or thread compound to external pipe threads unless dryseal 


threading is specified. 
5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 


damaged. Do not use pipe sections that have cracked or open welds. 


D. Welded Joints: 


1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and 
welding operators. 


2. Bevel plain ends of steel pipe. 
3. Patch factory-applied protective coating as recommended by manufacturer at field welds 


and where damage to coating occurs during construction. 


E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" 
Chapter. 


F. Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas 
service. Install gasket concentrically positioned. 


G. Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare 
dimensions complying with SAE J513. Tighten finger tight, then use wrench. Do not overtighten. 


H. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or 
paper towels. Join according to ASTM D 2657. 


1. Plain-End Pipe and Fittings: Use butt fusion. 
2. Plain-End Pipe and Socket Fittings: Use socket fusion. 


3.8 HANGER AND SUPPORT INSTALLATION 


A. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices 
specified in Section 230548 "Vibration and Seismic Controls for HVAC." 


B. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers 
and Supports for HVAC Piping and Equipment." 


C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod 
sizes: 


1. NPS 1 (DN 25) and Smaller: Maximum span, 96 inches (2438 mm); minimum rod size, 
3/8 inch (10 mm). 


2. NPS 1-1/4 (DN 32): Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch 
(10 mm). 


3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50): Maximum span, 108 inches (2743 mm); 
minimum rod size, 3/8 inch (10 mm). 


4. NPS 2-1/2 to NPS 3-1/2 (DN 65 to DN 90): Maximum span, 10 feet (3 m); minimum rod 
size, 1/2 inch (13 mm). 
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5. NPS 4 (DN 100) and Larger: Maximum span, 10 feet (3 m); minimum rod size, 5/8 inch 
(15.8 mm). 


3.9 CONNECTIONS 


A. Connect to utility's gas main according to utility's procedures and requirements. 


B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment 
grounding conductor of the circuit powering the appliance according to NFPA 70. 


C. Install piping adjacent to appliances to allow service and maintenance of appliances. 


D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 
72 inches (1800 mm) of each gas-fired appliance and equipment. Install union between valve 
and appliances or equipment. 


E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as practical 
to inlet of each appliance. 


3.10 LABELING AND IDENTIFYING 


A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for 
piping and valve identification. 


B. Install detectable warning tape directly above gas piping, 12 inches (300 mm) below finished 
grade, except 6 inches (150 mm) below subgrade under pavements and slabs. 


3.11 PAINTING 


A. Comply with requirements in Section 099113 "Exterior Painting" and Section 099123 "Interior 
Painting" for painting interior and exterior natural-gas piping. 


B. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars, 
earthquake valves, and piping specialties, except components, with factory-applied paint or 
protective coating. 


1. Alkyd System: MPI EXT 5.1D. 


a. Prime Coat: Alkyd anticorrosive metal primer. 
b. Intermediate Coat: Exterior alkyd enamel matching topcoat. 
c. Topcoat: Exterior alkyd enamel flat. 
d. Color: Gray. 


3.12 CONCRETE BASES 


A. Concrete Bases: Anchor equipment to concrete base according to seismic codes at Project. 







SAN DIEGO STATE UNIVERSITY SECTION 231123 
EIS COMPLEX FACILITY NATURAL-GAS PIPING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


231123 - 14  McParlane & Associates, Inc. 


1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) 
larger in both directions than supported unit. 


2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 
install dowel rods on 18-inch (450-mm) centers around the full perimeter of the base. 


3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 
base, and anchor into structural concrete floor. 


4. Place and secure anchorage devices. Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 


5. Install anchor bolts to elevations required for proper attachment to supported equipment. 


3.13 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 


B. Tests and Inspections: 


1. Test, inspect, and purge natural gas according to NFPA 54 and authorities having 
jurisdiction. 


C. Natural-gas piping will be considered defective if it does not pass tests and inspections. 


D. Prepare test and inspection reports. 


3.14 DEMONSTRATION 


A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain earthquake valves. 


3.15 OUTDOOR PIPING SCHEDULE 


A. Underground natural-gas piping shall be one of the following: 


1. PE pipe and fittings joined by heat fusion, or mechanical couplings; service-line risers 
with tracer wire terminated in an accessible location. 


2. Steel pipe with wrought-steel fittings and welded joints, or mechanical couplings. Coat 
pipe and fittings with protective coating for steel piping. 


B. Aboveground natural-gas piping shall be[ one of] the following: 


1. Steel pipe with malleable-iron fittings and threaded joints. 
2. Steel pipe with wrought-steel fittings and welded joints. 


3.16 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE 


A. Valves for pipe sizes NPS 2 (DN 50) and smaller at service meter shall be  one of the following: 


1. One-piece, bronze ball valve with bronze trim. 
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2. Two-piece, full port, bronze ball valves with bronze trim. 


B. Valves for pipe sizes NPS 2-1/2 (DN 65) and larger at service meter shall be one of the 
following: 


1. Two-piece, full port, bronze ball valves with bronze trim. 
2. Cast-iron, non lubricated plug valve. 


C. Distribution piping valves for pipe sizes NPS 2 (DN 50) and smaller shall be one of the 
following: 


1. One-piece, bronze ball valve with bronze trim. 
2. Two-piece full port, bronze ball valves with bronze trim. 


D. Distribution piping valves for pipe sizes NPS 2-1/2 (DN 65) and larger shall be one of the 
following: 


1. Two-piece, full port, bronze ball valves with bronze trim. 
2. Bronze plug valve. 


E. Valves in branch piping for single appliance shall be[ one of] the following: 


1. One-piece, bronze ball valve with bronze trim. 
2. Two-piece full-port, bronze ball valves with bronze trim. 
3. Bronze plug valve. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein.  


1.2 SCOPE (NOTE TO EDITOR-REVISE SCOPE OF PIPE SYSTEMS AS NECESSARY) 


A. All work to be furnished and installed under this section shall include, but not 
necessarily be limited to, the following: 
1. Pipe and Fittings 


a. Chilled water piping above grade 
b. Heating water piping above grade 
c. Low pressure steam piping above grade  
d. Medium pressure steam above grade 
e. Steam condensate above grade  
f. Temperature and Pressure relief 
g. Refrigerant piping  
h. Cold condensate drainage piping (refer to section 222113 Plumbing 


Piping) 
2. Valves 


a. HVAC Service Valves (125 psig max. working pressure) 
b. Check Valves 
c. Balancing Valves (125 psig working pressure) 
d. Combination HVAC terminal unit valve line sets 
e. Hydronic Service Pressure Reducing Valves 
f. Hydronic Service Pressure Relief Valves 
g. Steam Service Valves 
h. Steam Service Pressure Reducing Valves 
i. Steam Service Safety Valves 


3. Thermometers, gauges and accessories 
4. Piping specialties 


a. Pipe escutcheons 
b. Strainers 
c. Drip pans 
d. Air vent 
e. Dielectric unions and flanges 
f. Unions 
g. Flanges 
h. Pipe sleeves 
i. Sleeve seals 
j. Valve boxes 


5. Pipe coating 
6. Steam traps 
7. Expansion Compensators 


B. In addition, provide the following: 
1. Furnish accessories and labor for flushing and cleaning HVAC piping. 
2. Install water treatment systems. 
3. Furnish material, accessories and labor for glycol antifreeze charging of new 
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HVAC piping. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Comply with all San Diego State University Campus Mechanical Standards For New 
Construction and Renovation Capital Projects Standards. 


B. Division 01:  General Requirements 


C. Division 22: Plumbing 


D. Division 23: Mechanical 
1. Section 230500:  Basic HVAC Materials and Methods 
2. Section 230593:  Testing, Adjusting and Balancing 
3. Section 230700:  HVAC Insulation 
4. Section 232123:  Pumps and Hydronic Specialties 
5. Section 232500:  HVAC Water Treatment 
6. Section 238239:  Heat Transfer 


E. Underground Hydronic Piping 
1. Provide all labor, material and equipment required to complete the 


mechanical underground piping work of the contract documents.  Verify all 
existing utilities and exact locations prior to installation of new piping and 
provide all necessary trim and fittings for required connections.  Coordinate 
with site work and civil engineering design for trench excavation, backfill, 
paving and cast in place concrete. 


1.4 QUALITY ASSURANCE 


A. Manufacturer Qualifications: 
1. Manufactured items furnished shall be the current, cataloged product of the 


manufacturer. 
2. Replacement parts shall be readily available and stocked in the USA. 


B. Codes and Standards: 
1. All work shall be in full accordance with all applicable codes, ordinances and 


code rulings. 
2. The Contractor shall furnish without any extra charge the labor and material 


required for compliance of codes. 
3. Perform all tests required by governing authorities and as required under all 


Division 23 Sections.  Provide written reports on all tests. 
4. Electrical devices and wiring shall confirm to the 2013 standards of CEC; all 


devices shall be UL listed and so identified. 
5. All HVAC work shall comply with the Americans with Disabilities Act (ADA). 
6. All excavation work must comply with all provisions of state laws including 


notification to all owners of underground utilities at least 48 business day 
hours, but not more than 10 business days, before commencing an 
excavation. 


C. Product Control 
1. Protection:  Use all means necessary to protect materials before, during, and 


after installation and to protect the installed work and materials of all other 
trades. 
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2. The general arrangement and locations of piping are shown on the 
Drawings.  Changes may be necessary to accommodate work.  Should it be 
necessary to deviate from arrangement or location indicated in order to meet 
existing conditions or due to interference with work of other trades, such 
deviations as offsets, rises and drops in piping that may be necessary, 
whether shown or not, shall be made without extra expense.  Accuracy of 
data given herein and on the Drawings is not guaranteed.  The Drawings 
and Specifications are for assistance and guidance, and exact locations, 
distances, and elevations will be governed by actual site conditions. 


3. All work shall be in accordance with the applicable codes listed in Division 
01.  No extra charge will be paid for furnishing items required by the 
regulations but not specified herein or shown on the Drawings.  Should there 
be any direct conflict between the Drawings and/or Specifications and the 
above rules and regulations, the rules and regulations shall take 
precedence. 


4. All work shall be completely coordinated, and all lines, grades, slopes and 
vertical and horizontal locations of pipes shall be exactly determined in the 
field and cleared with the Owner's Representative before the installation of 
these items is begun.  No extra compensation shall be made for failure to 
observe this clause. 


5. The Drawings and Specifications do not undertake to list every item that will 
be installed.  When an item is necessary for the satisfactory operation of the 
system, it shall be furnished without extra cost.  Work called for in the 
Specifications, but not on the Drawings, or vice versa, shall be done as 
though required by both.  Lack of specific mention of any work necessary for 
proper completion of the work in the Specifications and/or Drawings, shall 
not lessen the Contractor's responsibility. 


6. Obtain Owner's Representative's approval prior to rerouting of existing 
services.  Refer to Division 01 sections for alterations, shutdown and 
temporary construction for existing services. 


7. Pipe spaces provided in the design shall be utilized and the work shall be 
kept within the spaces established on the Drawings. 


8. Manufacturers' directions shall be followed in all cases where manufacturers 
of articles used in this Contract furnish directions covering points not shown 
on the Drawings or specified herein.  Manufacturers' directions do not take 
precedence over the Drawings and Specifications.  Where manufacturers' 
directions are in conflict with the Drawings and Specifications, submit these 
conflicts to the Engineer and receive clarification before installing the work. 


9. Do not permit or cause any work to be covered or enclosed until it has been 
inspected, tested, and approved.  Should any of the work be enclosed or 
covered before inspection and test, Contractor shall, at his/her own expense, 
uncover the work; and, after it has been inspected, tested and approved, 
make all repairs with such materials as may be required.  Restore all work to 
its original and proper condition. 


10. Be responsible for damage to any of this work before acceptance.  Securely 
cover all openings, both before and after setting into place, to prevent 
obstructions in the pipes and breakage. 


11. Repair all damage to the premises occasioned by the work.  All damage to 
any part of the premises caused by leaks or breaks in the pipe installed 
under this Section of the work for a period of one (1) year after date of final 
acceptance of the work, shall be repaired. 


1.5 SUBMITTALS 
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A. Product Data:  Submit manufacturer’s technical product data for all piping, valves 
and specialties indicating dimensions, valve CV, flow capacity, pressure setting, 
tolerances etc. 


B. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, valve replacement, and spare parts lists.  Include this data, product data, 
and shop drawings in operating and maintenance manuals. 


C. Grooved joint couplings and fittings shall be shown on drawings and product 
submittals, and be specifically identified with the applicable Victaulic style number. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Furnish and install all new material, equipment, and apparatus hereinafter specified 
unless specifically noted otherwise.  All material, equipment, and apparatus shall be 
identified by the manufacturer's name, nameplate, and pertinent data.All pipe, pipe 


fittings and valves shall be manufactured in North America.  Alternatives 
may be acceptable, but must be submitted and approved by the Engineer 
prior to bidding. 


 
OR 


 
2. Upon request, the engineer shall be furnished certification by the 


manufacturer, stating samples representing each lot have been tested and 
inspected as indicated in governing ASTM specifications have been met.  
Certification shall be accompanied by test reports as prepared in accordance 
with relevant ASTM sections governing Test Methods and Inspection. 
Tension Tests reports shall include breaking load, machined diameter of the 
test bars, and calculated tensile strength.  Certification shall include the legal 
name and address of the manufacturer. 


B. Type M copper piping is not acceptable for any pressure water piping unless 
specifically noted otherwise. 


C. All materials, equipment, and apparatus are mentioned as standards unless noted 
otherwise.  The words "or approved equal" shall be considered to be subsequent to 
all manufacturers’ names used herein, unless specifically noted that substitutes are 
not allowed. 


D. Hydronic and Steam Piping Pressure Classifications: 
1. Chilled Water, Heating Water and Condensate: 


a. “Normal Pressure” shall be working fluid pressure up to 50 psig. 
b. “Medium Pressure” shall be working fluid pressure up to 100 psig. 
c. “High Pressure “shall be working fluid pressure up to 200 psig. 


2. Steam: 
a. “Low Pressure” shall be working steam pressure up to 20 psig. 
b. “Medium Pressure “shall be working steam pressure 20-80 psig. 
c. “High Pressure” shall be working steam pressure greater than 80 


psig 


2.2 PIPE AND FITTINGS 
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A. Chilled Water Piping: (Above grade) 
1. Steel Pipe:  


a. Pipe Material:  ASTM A53 Grade B, Schedule 40 black steel up to 
10” diameter.  Standard weight black steel for 12” and larger. 


b. Fittings:   
c. Steel normal pressure application:  150 lb. rating.  ANSI B16.3, 


malleable iron threaded for pipe 2-inch and under; ANSI B16.5, 
flanged; ANSI B16.9, steel bevel welding 


d. Steel grooved end system:  Painted, grooved end system, for 
applications to 300 psi. 


e. Grooved joint couplings shall be ASTM A395 and A536 ductile iron.  
Victaulic rigid Style 107 (“Installation Ready” stab-on design) and 07 
(standard coupling), or flexible Style 177 (“Installation Ready” stab-
on design and 77 (standard coupling), Tyco-Grinnell rigid Fig. 772 or 
flexible Fig 705 and 707, or Gruvlok FIG 7001 flexible or FIG 7401 
rigid.   


f. Rigid Type: Coupling housings shall be used to provide system 
rigidity and support and hanging in accordance with ANSI B31.1 an. 
 Victaulic Style 107 or 07, Grinnell Fig 772, or Gruvlok FIG 7401. 


g. Flexible Type: Use in locations where vibration attenuation and 
stress relief are required.  Flexible couplings may be used in lieu of 
flexible connectors at equipment connections.  Three couplings shall 
be placed in close proximity to the vibration source.  Victaulic Style 
177, 077, or W77, Grinnell 705 and 707, or Gruvlok FIG 7001.  


h. Gasket as recommended for the intended service by the 
manufacturer.  Gaskets shall be pressure responsive synthetic 
rubber, Grade “EHP” or Grade “E” EPDM or EHP. 


i. Grooved fittings shall be ASTM A395 and A536 ductile iron; ASTM 
A234 forged steel; or fabricated from carbon steel pipe conforming 
to ASTM A53. 


j. All grooved couplings, fittings, valves and specialties shall be the 
products of a single manufacturer. 


k. Grooved manufacturer must be ISO 9001 certified. 
2. Copper Tubing: 


a. Pipe Material:  ASTM B88, Type K or Type L hard drawn copper 
water tube for normal pressure above grade. 


b. Fittings: 
1) Copper system:  ASME B16.23 cast brass or ANSI/ASME 


B16.22 wrought copper with the following connection 
methods. 
a) Soldered or brazed: ASTM B32, solder, Grade 


95TA. 
I. 2” and smaller:  Make connections using 


95%-5% tin-antimony solder joints above 
grade and sil-fos brazing below grade.   


II. 2-1/2” and larger:  Sil-Fos brazing or brazed 
and flanged.   


b) With prior approval a grooved or pressed copper 
tubing connection system 
I. Grooved copper tubing connection system: 


Victaulic CTS, Tyco-Grinnell, or Gruvlok for 
above grade joints.  
i. Grooved couplings: Victaulic Style 


607 (Quick Vic), Grinnell Fig. 672, 
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Gruvlok FIG 6400.  
ii. Coupling gaskets shall be pressure 


responsive type, Grade “EHP” 
EPDM. 


iii. Fittings shall be wrought copper per 
ANSI B16.22, or bronze sand 
castings per ANSI B16.18. 


iv. Grooved manufacturer must be ISO 
9001 certified. 


v. Flaring of copper tube to IPS 
dimensions is unacceptable.  


II. Pressed Fitting:  As an alternate to soldered 
copper, threaded, or flanged steel, Vic 
Press 304™ pipe, couplings, and fittings 
may be used on the 2” and smaller chilled 
water piping system for normal pressure 
systems.  Pipe shall be ASTM A312, 
Schedule 10S, Type 304/304L, certified for 
use with Vic Press 304™ products.  
Couplings and fittings shall be 
manufactured of precision cold drawn 
austenitic stainless steel, with EPDM O-ring 
or HNBR seals.  


c) Joints:  2" and smaller, threaded or Vic Press 304™ 
(except in the case of piping located in shafts which 
must be welded); 2-1/2" and larger, ANSI B16.25 
bevel weld, ANSI B16.5 flanges, or ANSI B16.11 
socket weld, grooved. 


3. Stainless Steel:  ASTM A312, Stainless Steel Type 304/304L, Schedule 10S, 
for above grade piping systems with operating pressures to a maximum of 
300 psi. 


B. Heating Water Piping (Above Grade): 
1. Steel Pipe: ASTM A53 Grade B, Schedule 40 black steel up to 10” diameter, 


and Std. Wt. Black steel for 12” diameter and greater.   
a. Fittings: 


1) Steel normal pressure application:  150 lb. rating.  ANSI 
B16.3, malleable iron threaded; ANSI B16.5, flanged; ANSI 
B16.9, steel bevel welding 


2) Steel high-pressure application:  300 lb. rating.  ANSI B16.3, 
malleable iron threaded; ANSI B16.5, flanges; ANSI B16.9, 
steel bevel welding.  


3) Steel grooved end system (MECHANICAL ROOM ONLY):  
Painted, grooved end system, for applications to 230 deg. F 
and 300 psi.    
a) Grooved joint couplings shall be ASTM A395 and 


A536 ductile iron.  Victaulic rigid Style 07 or flexible 
Style 77. 
I. Rigid Type: Coupling housings cast with 


offsetting, angle-pattern bolt pads shall be 
used to provide system rigidity and support 
and hanging in accordance with ASME 
B31.1 and B31.9.  Victaulic Style 07.  


II. Flexible Type: Use in locations where 
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vibration attenuation and stress relief are 
required.  Flexible couplings may be used in 
lieu of flexible connectors at equipment 
connections.  Three couplings shall be 
placed in close proximity to the vibration 
source.  Victaulic Style 77. 


b) Gasket as recommended for the intended service 
by the manufacturer.  Gaskets shall be pressure 
responsive synthetic rubber, Grade EPDM, for 
service up to 230 deg F. 


c) Grooved fittings shall be ASTM A395 and A536 
ductile iron; ASTM A234 forged steel; or fabricated 
from carbon steel pipe conforming to ASTM A53. 


d) All grooved couplings, fittings, valves and 
specialties shall be the products of a single 
manufacturer. 


e) Grooved manufacturer must be ISO 9001 certified. 
b. Joints:  2" and smaller, threaded (except in the case of piping 


located in shafts which must be welded); 2-1/2" and larger, ANSI 
B16.25 bevel weld, ANSI B16.5 flanges, ANSI B16.11 socket weld. 


2. Copper:  ASTM B88, Type K or Type L hard drawn copper water tube for 
normal pressure above grade. 
a. Fittings: 


1) Copper system:  ANSI B16.22, wrought copper with the 
following connection methods. 
a) Soldered or brazed: 


I. 2” and smaller:  Make connections using 
95%-5% tin-antimony solder joints above 
grade and sil-fos brazing below grade.   


II. 2-1/2” and larger:  Sil-Fos brazing or brazed 
and flanged.   


b)  Grooved copper tubing connection system 
(MECHANICAL ROOM ONLY):  Victaulic CTS, may 
be used for above grade joint.  Used on normal 
pressure only. 
I. Grooved couplings shall be ASTM A395 


and A536 ductile iron, and must be of the 
angle bolt pad type.  (Coupling coated with 
copper colored alkyd enamel.) Tongue and 
recess type couplings are unacceptable. 


II. Coupling gaskets shall be pressure 
responsive FlushSeal® type, Grade EPDM. 


III. Fittings shall be wrought copper per ANSI 
B16.22, or bronze sand castings per ANSI 
B16.18. 


IV. Grooved manufacturer must be ISO 9001 
certified. 


V. Flaring of copper tube to IPS dimensions is 
unacceptable. 


c) As an alternate with prior approval to soldered 
copper, threaded, or flanged steel, Vic Press 304™ 
pipe, couplings, and fittings may be used on the 2” 
and smaller heating water piping in mechanical 
room applications only.  Pipe shall be ASTM A312, 
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Schedule 5S, Type 304/304L, certified for use with 
Vic Press 304™ products.  Couplings and fittings 
shall be manufactured of precision cold drawn 
austenitic stainless steel, with EPDM O-ring seals 
for service up to 230 deg F. 


d) With prior approval a pressed copper tubing 
connection system is acceptable for mechanical 
room application only. 


C. Steam Piping:  
1. Pipe:  Acceptable alternatives are: 


a. ASTM A53 Grade B, Schedule 40 black steel for low and medium 
pressure (Up to 80 psig, steam working pressure); and ASTM A53 
Grade B, Schedule 80 black steel for high pressure (greater than 80 
psig steam working pressure). 


2. Fittings:   
a. Steel low and medium pressure application:  150 lb. rating.  ANSI 


B16.3, malleable iron threaded; ANSI B16.5, flanged, Grade 2 flange 
bolts; ANSI B16.9, steel bevel welding 


b. Steel high-pressure application:  300 lb. rating.  ANSI B16.3, 
malleable iron threaded; ANSI B16.5, flanges, Grade 5 flange bolts; 
ANSI B16.9, steel bevel weld bevel welding.  


3. Joints:  2" and smaller, threaded (except in the case of piping located in 
shafts which must be welded); 2-1/2" and larger, ANSI B16.25 bevel weld, 
ANSI B16.5 flanges, or ANSI B16.11 socket weld. 


D. Steam Condensate Piping (Gravity and Pumped Pressure Condensate):  
1. Steel (low, medium, and high pressure application):   


a. Pipe:  ASTM A53 Grade B, Schedule 80 black steel.  
b. Fittings:  Steel low-pressure application:  150 lb. rating.  ANSI B16.3, 


malleable iron threaded; ANSI B16.5, flanged; ANSI B16.9, steel 
bevel weld. 


c. Joints:  2" and smaller, threaded (except in the case of piping 
located in shafts which must be welded); 2-1/2" and larger, ANSI 
B16.25bevel weld, ANSI B16.5 flanges, or ANSI B16.11 socket 
weld. 


2. Copper (low pressure application): 
a. Pipe: ASTM B88, Type K 
b. Fittings: ANSI B16.22, wrought copper. 
c. Joints: Lead-free solder joints.  Solder shall be lead-free nickel/silver 


bearing solder meeting ASTM B-32, ASTM B-828.  Flux shall be 
water soluble and shall meet CDA standard test method 1.0 and 
ASTM B813-91. 


E. Temperature and Pressure Relief Valve Discharge Piping: 
1. Hydronic Water System (150 psig and 212 deg. F. maximum): 


a. Pipe: Type M or L copper ASTM B88 
b. Pipe: Schedule 40 black steel, ASTM A53 Grade B. 
c. Fittings: ANSI B16.22, wrought copper. 
d. Fittings:  150 lb. rating.  ANSI B16.3, malleable iron threaded. 
e. Joints: ANSI B16.22, wrought copper, with 95%-5% tin-antimony 


solder joints. 
f. Joints: 2" and smaller, threaded (except in the case of piping located 


in shafts which must be welded); 2-1/2" and larger, ANSI 
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B16.25bevel weld, ANSI B16.5 flanges, or ANSI B16.11 socket 
weld. 


2. Steam Systems (low, medium, and high pressure applications): 
a. Pipe: Schedule 40 black steel, ASTM A-53 Grade B. 
b. Fittings:  Steel low and medium pressure application:  150 lb. rating. 


 ANSI B16.3, malleable iron threaded; ANSI B16.5, flanged, Grade 2 
flange bolts; ANSI B16.9, steelbevel welding.  Steel high-pressure 
application:  300 lb. rating.  ANSI B16.3, malleable iron threaded; 
ANSI B16.5, flanges, Grade 5 flange bolts; ANSI B16.9, steelbevel 
welding. 


c. Joints:  2" and smaller, threaded (except in the case of piping 
located in shafts which must be welded); 2-1/2" and larger, ANSI 
B16.25bevel weld, ANSI B16.5 flanges, or ANSI B16.11 socket 
weld. 


F. Refrigerant Piping 
1. Pipe:  Acceptable alternatives are  


a. ASTM B88, Type K or Type L copper tubing 
b. AC/R pipe. 


2. Fittings:  No joints below ground.  For pipes below grade wrap with Scotch 
Wrap #51, ¼" thick, with 20% overlap. 


2.3 VALVES:  GENERAL 


A. General:  Valve ratings shall exceed respective system operating pressures by 50% 
(minimum).  All valves shall be line size unless otherwise noted. 


B. Product Data:  Submit manufacturer's technical product data, including installation 
instructions for each type of valve.  Include pressure drop curve or chart for each 
type and size of balancing valve or circuit setter.  Submit valve schedule showing 
manufacturer's figure number, size, location, and valve features for each required 
valve. 


C. Shop Drawings:  Submit manufacturer's assembly-type (exploded view) shop 
drawings for each type of valve, indicating dimensions, weights, materials, and 
methods of assembly of components. 


D. Acceptable Manufacturers (manufacturer and model number listed for individual 
valves indicates minimum acceptable by all manufacturers): 
1. Gate or Butterfly:  Crane, Bray, Hammond, Gruvlok, Milwaukee, Victaulic, 


Tyco-Grinnell, Keckley, or Nibco. 
2. Ball and Drain Valves: Apollo, Hammond, Milwaukee, Nibco, Victaulic, Tyco-


Grinnell, Bray, Gruvlok, or Watts. 
3. Check:  US Valve, Metraflex, DeZurik, Victaulic, Milwaukee, Mueller, Apco, 


Cla-Val or American Wheatley Products. 
4. Lubricated Natural Gas Service Plug Valves:  Homestead, Resun, or 


Rockwell. 
5. Hydronic System Pressure Reducing Valves:  Cash-Acme, Cla-Val, Watts, 


or Wilkins. 
6. Steam System Pressure Reducing Valves: Sarco, Fischer, Hoffman, or 


Spence. 
7. Hydronic Pressure Relief Valves: Cash-Acme, Cla-Val, Watts, or Wilkins. 
8. Steam System Pressure Relief Valves: Sarco, Fischer, Spence, or 


Lonergan-Kunkle. 
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9. Hydronic Balancing valves and Circuit Setters: Pro Hydronic Specialties, 
Griswold (Venturi with characterized ball valve only), Wheatley (Y-globe type 
only), Armstrong, Nibco (globe style), Victaulic/Tour & Anderson, Gruvlok, 
Oventrop, or Tyco-Grinnell.   


E. Valve Identification:  Provide valves with manufacturer's name (or trademark) and 
pressure rating clearly marked on the valve body. 


F. Operators: 
1. Provide standard hand wheel for gate valves. 
2. Provide 90 degree lever operator for ball valves. 
3. Provide 90 degree lever operator for lubricated natural gas plug valves. 


Exterior located natural gas plug valves shall be provided with removable 
manual wrench handle, one wrench for each 10 valves. 


4. Provide 90 degree locking lever operator for butterfly valves up through 5” 
size. For 6” size and greater, provide gear operator and handwheel. 


5. Provide valve stem extension for lever-operated valves on insulated piping, 
so handle will clear insulation. 


6. For valves sizes 2-1/2” and larger, located more than 8 feet from floor in 
equipment room areas, provide chain operated sheaves.  Provide chain and 
extend down to 5ft above floor and hook clips on chain arranged to clear 
walking aisles. 


G. Valve Features: 
1. General:  Provide valves with features indicated and, where not otherwise 


indicated, provide proper valve features.  Comply with ASME B31.9 for 
building services piping and ASME B31.1 for power piping. 


2. Bypass:  On valves 6" and larger comply with MSS SP-45, and except as 
otherwise indicated, provide manufacturer's standard bypass piping and 
valving.  Provide a 3-valve bypass, minimum 1" size, to consist of two 
threaded shut-off valves and a plugged drain valve. 


3. Drain:  Comply with MSS SP-45, and provide ¾” threaded pipe end with cap 
on chain. 


4. Flanged:  Valve flanges complying with ANSI B16.1 (cast iron), ANSI B16.5 
(steel), or ANSI B16.24 (bronze). 


5. Grooved: Valves shall be joined using grooved joint couplings of the same 
manufacturer.  Copper tubing valve grooved ends shall be copper tubing 
sized. 


6. Vic Press 304™: Valves complete with Vic Press 304™ ends. 
7. Threaded:  Valve ends complying with ANSI B2.1. 
8. Solder-Joint:  Valve ends complying with ANSI B16.18. 
9. Flangeless:  Valve bodies manufactured to fit between flanges complying 


with ANSI B16.1 (cast iron), ANSI B16.5 (steel), or ANSI B16.24 (bronze). 


2.4 HVAC SERVICE VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE 


A. Ball Valves, 2” and Smaller: 
1. 2-piece brass body, 600 psi rating, stainless steel or chrome plated brass 


ball, Teflon seat, brass or stainless steel stem, steel handle, full port.  
Threaded steel ends for iron pipe and soldered ends for copper pipe. 
Threaded steel pipe:  Milwaukee #BA-100 or equal.  Soldered copper pipe: 
Milwaukee #BA-150 or equal. 


2. 2-piece stainless steel body, 300 psi maximum operating pressure, ASTM A-
312 compliant, Vic-Press Schedule 10S ends for Type 304 stainless steel 







SAN DIEGO STATE UNIVERSITY SECTION 232113 
EIS COMPLEX HVAC PIPING, VALVES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC AND SPECIALTIES 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 232113 - 11 McParlane & Associates, Inc. 


pipe, brass body, chromes plated brass ball, brass stem, PTFE seats, steel 
handle, full port.  Victaulic Series 589 or equal. 


B. Butterfly Valves, 2-1/2” and Larger: 
1. 2-1/2” through 48”, lug type, MSS SP-67 compliant, ductile iron body, 


stainless steel stem, EPDM seat, memory stop control, lever handle thru 5" 
size and worm gear operator for 6" and larger.  Disc may be stainless steel, 
bronze, nickel-plated ductile iron or aluminum bronze.  Mount stem in 
horizontal position.  Milwaukee model ML323E or equal. 


2. 2-1/2” through 12” grooved end type, MSS SP-67 compliant, ASTM A395 
and A536 compliant, ductile iron body, stainless steel stem, and memory 
stop control.  Lever handle thru 5” size and worm gear operator for 6” and 
larger.  Disc may be nickel coated ductile iron, aluminum bronze or stainless 
steel.  Mount stem in horizontal position.  Victaulic Vic®-300 MasterSeal, 
Tyco Grinnell Model B302, Gruvlok FIG 7700 Series. 


3. 14” through 24” grooved end type, MSS SP-67 compliant, ASTM A395 and 
A536 compliant, ductile iron body, EPDM seal, stainless steel stem, with 
gear operator.  Disc may be nickel coated ductile iron, aluminum bronze or 
stainless steel.  Mount stem in horizontal position.  Victaulic Vic®-300 AGS 
(300 psi maximum pressure.), Tyco-Grinnell Model B308, Gruvlok FIG 7700 
series. 


4. 2-1/2” through 6” copper tube dimensioned grooved end type, cast brass 
body, EPDM seal, stainless steel stem, memory stop control, lever handle 
thru 5” size and worm gear operator for 6”.  Disc may be nickel coated 
ductile iron, aluminum bronze or stainless steel.  Mount stem in horizontal 
position.  Victaulic Series 608N, Tyco-Grinnell Model B680, or Gruvlok BFV. 


C. Check Valves: 
1. Bronze Silent Check Valves – Up to 1-1/2”: 


a. Class 125, MSS SP-80, ASTM B62, ASTM B16 and ASTM , bronze 
body, threaded ends, bronze spring, Buna disk ring, and silent 
closing.  Milwaukee #548B/548T or equal. 


2. Globe Style Silent Check Valves – 2” and Larger: 
a. Class 125, MSS SP-125, ASTM A126 class B cast iron body, ASTM 


B584 bronze seat and plug, stainless steel spring, bronze bushing, 
stainless screw.  ANSI B16.1 flange rating to 190 psi up to 12” and 
135 psi above 12”.  Cla-Val Series 581, Apco Series 600, Metraflex 
Series CVO900 or equal. 


3. Wafer Style Silent Check Valves – 2” and Larger: 
a. Class 125, MSS SP-125, ASTM A126 class B cast iron body, ASTM 


B584 bronze seat and disc, stainless steel spring, bronze bushing, 
stainless screw.  ANSI B16.1 flange rating to 190 psi up to 12” and 
135 psi above 12”.  Milwaukee Series 8800, American Wheatley 
Dual Disc Series, or US Valve Series 09. 


4. Grooved Style Silent Check Valves – 2” to 12”: 
a. ASTM A536 ductile iron body, single stainless steel disc, EPDM disc 


coating, brass or stainless steel shaft, stainless steel spring, 
stainless steel plug.  Sizes 2” to 3” rated for 365 psi working 
pressure and sizes 4” to 12” rated for 300 psi working pressure.  
Victaulic Series 716H/716, Gruvlok Series 7800, Grinnell Series 590 
or equal. 


b. Venturi style check valve with flow measuring taps across the valve. 
 ASTM A536 ductile iron body, single stainless steel disc, EPDM 
disc coating, brass or stainless steel shaft, stainless steel spring, 
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stainless steel plug.  Sizes 2” to 3” rated for 365 psi working 
pressure and sizes 4” to 12” rated for 300 psi working pressure.  
Victaulic Series 779 or approved equal. 


D. Drain Valves: 
1. Threaded or soldered ends, Class 125, ASSE 1005, bronze body, screw-in 


bonnet, rising stem, composition disc, 3/4" hose outlet. 
2. Threaded or soldered ends, Class 600, bronze body, 2-piece ball valve, ¾" 


hose outlet with cap and chain. Milwaukee #BA-100/150H. 


2.5 STEAM SERVICE VALVES: MAXIMUM 120 PSIG STEAM SYSTEM PRESSURE 


A. Gate Valves: 
1. 2" and Smaller:  Class 200, 200 lb. SWP, MSS SP-80, ASTM B61, threaded 


ends, cast bronze body, bronze union bonnet, bronze wedge, rising stem, 
bronze packing gland, non-asbestos packing and aluminum or malleable 
iron hand-wheel.  Milwaukee #1153 or equal. 


2. 2-1/2” and Larger:  Class 200, 250 lb. SWP, MSS SP-70, ASTM A126 Grade 
B cast iron body, flanged ends, cast iron bonnet, OS&Y, cast iron wedge, 
bronze trim, rising stem, brass packing gland, non-asbestos packing and 
cast iron hand-wheel. Milwaukee #F-2894A or equal. 


B. Globe Valves: 
1. 2" and Smaller:  Class 200, 200 lb. SWP, MSS SP-80, ASTM B61, threaded 


ends, cast bronze body, bronze bonnet, bronze disc, bronze packing gland, 
non-asbestos packing and aluminum or malleable iron hand-wheel.  
Milwaukee #570 or equal. 


2. 2-1/2" through 6”:  Class 200, 250 lb. SWP, MSS SP-70, ASTM A126 Grade 
B cast iron body, flanged ends, cast iron bonnet, OS&Y, cast iron wedge, 
bronze trim, rising stem, brass packing gland, non-asbestos packing and 
cast iron hand-wheel.  Milwaukee #F-2983-M or equal. 


C. Check Valves: 
1. 2" and Smaller:  Class 200, 200 lb. SWP, MSS SP-80, ASTM B61 and 


ASTM B16, cast bronze body, threaded ends, screwed cap, swing type, 
bronze disc. Milwaukee #508. 


2. 2-1/2" and Larger:  250 lb. SWP, MSS SP-71, ASTM A126 Class B cast iron 
body, bolted cap, swing type, bronze disc with bronze face rings. Milwaukee 
#F-2970. 


2.6 BALANCING VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE 


A. Pressure Independent Water Flow in Variable Flow Systems: 
1. 1/2" and Larger:  Construction and attachment style as required by piping 


system.  Internal working parts and removable flow cartridge shall be 
stainless steel DZR Brass, polyphenylsufone orifice with an elastomeric 
diaphragm.  Valves shall be factory set and shall automatically limit the flow 
to specified capacities with 10% +/- accuracy over the entire operating 
pressure differential.  Quick disconnect valves shall be extended to outside 
of insulation.  Pro Hydronics Specialties, Griswold, Victaulic, Oventrop, Hays 
Fluid Controls.  


2.7 TERMINAL UNIT ASSEMBLIES – COIL KITS 
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A. General:  As an alternative to built-up valve and connection assemblies for terminal 
units, a complete kit consisting of valves, strainer, balancing, and flexible hose 
connection may be provided. Pro Hydronic Specialties, Victaulic Koil Kit Series 799 
or 79V, Hays Fluid Controls, or equal by others. 


2.8 BRANCH CIRCUIT DIFFERENTIAL PRESSURE CONTROL VALVES 


A. Self powered control valves designed to maintain constant differential pressure for 
branch circuits and consisting of a differential control, single pressure temperature 
port, and dead end service shutoff.  Shall be capable of stabilizing pressure ranges 
of 1.5 to 8.7 psi in 3/4" to 1" valves, 2.9 to 11.6 psi in 1-1/4" -2" valves, or 51 psi for 
2-1/2" through 4" valves. 


B. Bonnet shall be manufactured of copper alloy, O-rings, seat seal, and membrane to 
be EPDM. 


C. T/A 793/794 used in conjunction with Victaulic T/A balancing valves 


2.9 PRESSURE INDEPENDENT TEMPERATURE CONTROL VALVES (COIL CONTROL 
VALVES) 


A. Modulating control valves shall be pressure independent characterized two-way 
actuated flow control valves.  The flow rate through the valve shall not vary more 
than + or - 15% due to system pressure fluctuations across the valve in the selected 
operating range. 


B. Electronic valves at all variable air volume terminals, constant volume terminals, fan 
powered terminals, and zone reheat coils with valve connections of 1" (18 gpm) or 
less in size may utilize floating point control.  All air handler coils shall utilize 
proportional control electronic valves. 


C. The rangeability of the valve shall be 90:1 (minimum).  


D. The valve bodies shall be of cast brass and rated for 200 PSI working pressure 
(minimum).  All internal parts shall be stainless steel, teflon, brass, bronze, or 
polyphenylsufone orifice with an elastomeric diaphragm.  The valves shall be 
serviceable without removing them from the piping system.  Valve flow 
characteristics shall be able to be changed without removing the valve from the 
piping system. 


E. Balancing valves shall not be required where these control valves are installed.  Flow 
performance curves shall be provided with each valve 


F. The actuator shall modulate the control valve from 0 to 100% design flow.  The 
actuator shall be directly coupled to the valve at the factory. 


G. Pressure/temperature ports (Pete's Plugs) shall be installed at the factory in each 
valve larger than 1” or be integral to the valve.  Two ports shall be used to measure 
inlet and outlet pressure to the valve. 


H. Manufacturer:  Honeywell VRN, Belimo PICCV, Hays Fluid Controls, Victaulic TCP 
Series, Danfoss AB-QM, Griswold PIC-V, MVP, or PIM models, Oventrop Cocon Q 
or Flow Control Industries DeltaPValve.  Valves shall be provided by controls 
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provider and installed by piping. 


2.10 HYDRONIC SYSTEM PRESSURE REDUCING VALVES 


A. Single seated, direct operated type; high capacity, having bronze body with strainer, 
by-pass feature, pressure gauge tappings and complying with requirements of ASSE 
Standard 1003.  Select proper size for maximum flow rate and fall-off at inlet and 
outlet pressure indicated.  
1. 25-75 psig range: Watts #U5 series. 
2. 10-25 psig range: Watts #N256 
3. Provide with asbestos-free insulating cover, with silicone treated fiberglass 


cover, 1” insulation, and Velcro fasteners. Suitable for temperatures up to 
550 deg. F. 


4. Spence #Series E or equal. 


2.11 HYDRONIC SYSTEM PRESSURE RELIEF VALVES 


A. Pressure Relief Valves:  Constructed in accordance with ASME, 125-pound setting, 
and so stamped.  Size as required.  Watts #740 Series.   


B. Temperature and Pressure Relief Valve:  Constructed in accordance with ASME, 
125-pound setting (or pressure setting as indicated on construction documents), and 
so stamped.  Size as required.  Watts #100XL, 40XL, 140, N240, or 340 Series. 


2.12 HYDRONIC SYSTEM REDUCED PRESSURE BACKFLOW PREVENTION VALVES 


A. General:  All backflow prevention valves shall be State approved.  Coordinate with 
plumbing system for provision of domestic water to reduced pressure backflow 
prevention to protect domestic water system from connection to hydronic piping 
systems. 


B. Reduced Pressure Backflow Preventer 
1. 2" and Smaller:  Assembly shall consist of shutoff ball valves in inlet and 


outlet, and strainer on inlet.  Assemblies shall include test cocks and 
pressure-differential relief valve located between two positive seating check 
valves and shall comply with requirements of ASSE Standard 1013 and 
AWWA C506.  Bronze construction, threaded ends, stainless steel internal 
parts, and air gap fitting.  Route pipe from air gap fitting to approved waste 
receptor.  Watts #909-QT-S-HW valve with #909AG air gap fitting. 


2. 2-1/2" and Larger:  Assembly shall consist of shutoff OS&Y gate valves in 
inlet and outlet, and strainer on inlet.  Assemblies shall include test cocks 
and pressure-differential relief valve located between two positive seating 
check valves and shall comply with requirements of ASSE Standard 1015 
and AWWA C506.  Epoxy coated cast iron body construction, flanged ends, 
stainless steel internal parts, bronze seats, and air gap fitting.  Route pipe 
from air gap fitting to approved waste receptor.  Watts #909-S-OSY valve 
with #909AG air gap fitting. 


2.13 STEAM PRESSURE REDUCING VALVES 


A. The pressure regulator shall be of the pilot-actuated diaphragm operated type.  The 
main valve shall be single seated with hardened stainless steel trim: the regulator 
body shall be cast iron or steel.  The pilot shall be bolted directly to the regulator 
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body. The regulator shall be capable of dead-end shut-off.  
1. Size 1/2”-2”, NPT ends, cast iron, 250 psig maximum operating pressure, 


450 deg. F. maximum temperature.  
2. Size 2-1/2” and greater, ANSI 250 lb flanged ends, 250 psig maximum 


operating pressure, 450 deg. F. maximum temperature. 
3. Spring shall be selected to provide outlet pressure as indicated in equipment 


schedules or on construction documents. 


2.14 STEAM SYSTEM SAFETY VALVES 


A. Size 1/2”-1-1/4”. ASME sections I and VIII for steam service. Safety valve shall be 
fitted with enclosed spring and external lifting lever.  Valve shall be rated up to 250 
psi and 450 deg. F. steam. Shall be furnished with manufacturer’s standard 
connections and valve body of cast brass with bronze Teflon internals.  
1. NPT inlet and outlet 
2. Provide relief setting as per equipment schedules or indicated on 


construction documents. 
3. Inlet pressure as per equipment schedules or indicated on construction 


documents. 
4. Flow capacity as per equipment schedules or indicated on construction 


documents. 
5. Provide with manufacturer drip pan elbow. 
6. Provide manufacture data on capacity steam flow, with 90% rating at 10% 


over pressure, as part of valve submittal 
7. Spence Series #31, 41 and 41A, or equal. 


B. Size 1-1/2” and above. ASME sections I and VIII for steam service.  Safety valve 
shall be fitted with enclosed spring and external lifting lever. Valve shall be rated up 
to 250 psi and 450 deg. F. steam.  Shall be furnished with manufacturer’s standard 
connections and valve body of cast iron with bronze internals. 
1. ANSI 250 lb. Fanged end inlet and outlet. 
2. Provide relief pressure setting as per equipment schedules or indicated on 


construction documents. 
3. Inlet pressure as per equipment schedules or indicated on construction 


documents. 
4. Flow capacity as per equipment schedules or indicated on construction 


documents. 
5. Provide with manufacturer drip pan elbow. 
6. Provide manufacture data on capacity steam flow, with 90% rating at 10% 


over-pressure, as part of valve submittal 
7. Spence Series #31, 41 and 41A, or equal. 


2.15 THERMOMETERS AND GAUGES 


A. General: 
1. Certification:  Provide meters and gauges whose accuracies, under specified 


operating conditions, are certified by manufacturer. 
2. No mercury shall be used in thermometers due to hazardous material 


classification. 
3. Acceptable Manufacturers:  Weklser, Ashcroft, Trerice, Marshalltown, WIKA 


or US Gauge. 


B. Thermometers: 
1. Bi-Metal Type:  Provide bi-metal glass thermometers of materials, 
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capacities, and ranges indicated, designed and constructed in service 
indicated.  Accuracy shall be 1% +/- full scale with adjustable recalibration. 
a. Case:  Type 300 series stainless steel, hermetically sealed, glass 


window, 3" diameter dial, with adjustable angle. 
b. Adjustable Joint:  Die cast aluminum, finished to match case, 180° 


adjustment in vertical plane, 360° adjustment in horizontal plane, 
with locking device. 


c. Scale:  Satin faced, non-reflective aluminum, permanently etched 
markings. 


d. Stem:  Stainless steel, adjustable angle socket, length to suit 
installation. 


2. Glass Thermometer:  Provide adjustable angle 9” thermometer of materials, 
capacities and ranges as appropriate to medium being measured and 
designed and constructed for service indicated.  Accuracy to be 1% +/- of full 
scale. 
a. Case:  Aluminum or Valox 
b. Temperature Sensitive Gage Liquid:  Organic non-toxic.  No 


mercury permitted.  
c. Scale:  Aluminum painted white with black markings.  
d. Connection:  1/2” NPT with thermowell, 1-1/4” UNF swivel nut 


without thermowell. 
3. Photovoltaic Cell Powered LCD Thermometer 


a. Case:  ABS Plastic  
b. Accuracy:  1% of full scale 
c. Display:  16 LUX rating LCD display.  Switchable Fahrenheit and 


Celcius.  
d. Connection:  3/4” NPT with thermowell 1-1/4” UNF swivel nut without 


thermowell. 
4. Range:  Conform to the following: 


a. Hot Water:  20°F - 240°F with 2°F scale divisions. 
b. Cold Water:  -40°F - 160°F with 2°F scale divisions. 


C. Thermometer Test Wells: 
1. Provide thermometer test wells as indicated, constructed of brass or 


stainless steel, pressure rated to match piping system design pressure.  
Provide 2 inch extension for insulated piping.  Provide cap nut with chain 
fastened permanently to thermometer well. 


D. Temperature/Pressure Gauge Connector Test Plugs (Pete’s Plugs): 
1. Provide temperature gauge connector plugs pressure rated for 500 psi and 


200° F (93° C).  Construct of brass or stainless steel, equip with 1/2” NPT 
fitting, with self-sealing valve core type neoprene gasketed orifice suitable for 
inserting 1/8” O.D. probe assembly from dial type insertion thermometer or 
pressure gauge.  Equip orifice with gasketed screw cap and chain.  Provide 
extension, length equal to insulation thickness, for insulated piping. 


E. Pressure Gauges: 
1. General:  Provide pressure gauges of materials, capacities, and ranges 


indicated, designed and constructed for use in service indicated. 
2. Type:  General use, 1% accuracy ANSI B40.1 grade A, phosphor bronze 


bourbon type, bottom connection. 
3. Case:  Drawn steel or brass, glass lens, 4-1/2" diameter. 
4. Connector:  Brass with ¼" male NPT. 
5. Scale:  White coated aluminum, with permanently etched markings. 
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6. Pressure differential range shall be 100 psig minimum for the appropriate 
application with maximum 1 psig divisions. 


F. Pressure Gauge Cocks: 
1. General:  Provide pressure gauge cocks between pressure gauges and 


gauge tees on piping systems.  Gauge cock shall be 1/4-1/2” threaded end, 
2-piece bronze body ball valve. Milwaukee #BA-100. 


2. Siphon:  1/4" straight coil constructed of brass tubing with 1/4" male NPT on 
each end. 


3. Snubber:  1/4" brass bushing with corrosion resistant porous metal disc, 
through which pressure fluid is filtered.  Select disc material for fluid served 
and pressure rating. 


2.16 PIPING SPECIALTIES 


A. General: 
1. Provide factory fabricated piping specialties recommended by manufacturer 


for use in service indicated.  Provide piping specialties of types and pressure 
ratings indicated for each service, or provide proper selection to comply with 
installation requirements.  Provide sizes as indicated, and connections, 
which properly mate with pipe, tube, and equipment connections.  Where 
more than one type is indicated, selection is installer's option. 


B. Pipe Escutcheons: 
1. Provide pipe escutcheons as specified herein with inside diameter closely 


fitting pipe outside diameter, or outside of pipe insulation where pipe is 
insulated.  Select outside diameter of escutcheon to completely cover pipe 
penetration hole in floors, walls, or ceilings; and pipe sleeve extension, if 
any.  Furnish pipe escutcheons with nickel or chrome finish for occupied 
areas, prime zinc base paint finish for unoccupied areas. 


2. Pipe Escutcheons for Moist Areas:  For waterproof floors, and areas where 
water and condensation can be expected to accumulate, provide stainless 
steel, cast brass or sheet brass escutcheons, solid or split hinged. 


3. Pipe Escutcheons for Dry Areas:  Provide stainless steel escutcheons, solid 
or split hinged. 


C. Low Pressure Y-Type Pipeline Strainers: 
1. Provide strainers full line size of connecting piping, with ends matching 


piping system materials.  Select strainers for 125% of the working pressure 
of piping system, with Type 304 stainless steel screens, with 3/64" 
perforations at 233 0.045" perforations per square inch. 


2. Threaded Ends, 2" and Smaller:  Cast-iron body, screwed screen retainer 
with centered blowdown fitted with hose bibb.  Spirax Sarco, Keckley, 
Wheatley or Mueller. 


3. Flanged Ends, 2-1/2" and Larger:  Cast-iron body, bolted screen retainer 
with off-center blowdown fitted with 3/4” drain valve.  Spirax Sarco, Keckley, 
Wheatley or Mueller.  


4. Grooved Ends, 2-1/2” and Larger:  Ductile iron body, bolted screen strainer 
with off center blowdown fitted with 3/4” drain valve.  Victaulic style 
730/731/732, Tyco-Grinnell Fig. S853 and S55, Gruvlok FIG 7260/758G, or 
approved equal. 


5. Strainers for steam service shall be installed in horizontal position, so as not 
to trap condensate. 
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D. Basket Strainers: 
1. Provide strainers full line size of connecting piping, with ends matching 


piping system materials. 
2. Body: ASTM A126, Class B, high-tensile cast iron with bolted cover and 


bottom drain connection. 
3. End Connections: Threaded ends for NPS 2 (DN 50) and smaller; flanged 


ends for NPS 2-1/2 (DN 65) and larger. 
4. Strainer Screen: 60-mesh startup strainer, and perforated stainless-steel 


basket with 50 percent free area. 
5. CWP Rating: 125 psig. 
6. Manufacturers: Spirax Sarco, Keckley, Wheatley or Mueller. 


E. Drip Pans: 
1. Provide drip pans fabricated from 16-gauge galvanized sheet metal with 


watertight joints, and with edges turned up 2-1/2".  Reinforce top by 
structural angles.  Provide hole, gasket, and flange at low point for watertight 
joint and 1" copper drain line connection. 


F. Steam Safety Valve Drip-Pan Elbows: 
1. Provide pre-manufactured drip pan elbows specially designed for steam 


pressure safety valve discharge, sized to match corresponding steam safety 
valve discharge size. 


2. Sarco, Armstrong, Hoffman, Spence, Kunckle, or approved equal. 


G. Air Vent with Valves: 
1. Install in all closed and open loop water systems at high points of systems 


and at any other point necessary to free system of air.  A shut-off valve shall 
be provided in riser to each automatic vent valve to facilitate servicing.  A 
minimum 3/8 inch type "L" copper tubing drain line shall be run to floor sink, 
floor drain or other approved drain receptacle to carry away water that valve 
discharges.  Manual type vent may be used in lieu of automatic type, where 
specifically shown on the Drawings.  Provide Hoffman #79 or equal by 
Amtrol, Watts, or Dole. 


H. Dielectric Waterways: 
1. To effectively isolate ferrous from non-ferrous piping (electrical 


conductance), prevent galvanic action, and stop corrosion. 
2. Steel to copper, with thermoplastic dielectric lining. 
3. 250 psig rated pressure at 210 deg. F. 
4. Connection: screwed, grooved, sweat, or flanged to match pipe. 
5. Victaulic style 47, Gruvlok FIG 7088/7089 or approved equal. 


I. Dielectric Flanges: Provide dielectric flanges and dielectric bolt sleeves for flanged 
transitions between dissimilar metal piping.  Watts Series 3100 or approved equal. 


J. Unions: 
1. Unions shall be of type specified in following schedule: 


a. Black Steel, 2" and smaller: 250 lb. screwed malleable iron, ground 
joint, brass to iron seat. 


b. Black Steel, 2-1/2" and larger: 150 lb. cast iron screwed flanged, flat 
faced, full faced gasket. 


c. Soldered Copper or Brass Pipe, 2" and smaller: 150 lb. cast bronze 
or copper, ground joint, non-ferrous seat with soldered ends. 


d. Screwed Copper or Brass Pipe, 2" and smaller: 150 lb. cast brass, 
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ground joint, brass to brass seat, with threaded ends. 
e. Flanged Copper or Brass Pipe, 2-1/2" and larger: two (2) 150 lb. 


cast bronze flanges. 
f. Where grooved joint piping systems are utilized, unions are not 


required.  Grooved joint couplings shall serve as unions. 
g. Manufacturer: EPCO, Mueller, Stanley G. Flagg, Victaulic, Tyco-


Grinnell, or Watts. 


K. Flanges: 
1. Provide flanges at flanged connections to equipment, tanks and valves.  


Faces of flanges being connected shall be alike in all cases.  Connection of 
raised-face flange to flat-faced flange not permitted. 


2. Use ASTM A307, Grade B, bolts and nuts for cast iron flanges and ASTM 
A193 for steel flanges.  Regular square head unfinished bolts with heavy 
semi-finished hex nuts ASTM A194.  Cadmium plated where exposed to 
weather.  Rating:  150 lb. or 300 lb. in high pressure portions. 


3. Type of pipe and corresponding flanges as follows: 
a. Screwed Black Steel Pipelines:  125 lb. black cast iron screwed 


flange, flat faces. 
b. Stainless Steel Pipe, Class 150 stainless steel flange adapter with 


carbon steel back-up flange and Vic Press 304™ end. 
c. Welded Steel Pipe, 150 lb. black forged steel welding flanges, 1/16" 


raised face ASTM A181 Grade I.  Use flat face when connected to 
flat faced companion flange. 


d. Grooved Steel Pipe, Class 150, ASTM A395 and A536 ductile iron 
flange adapter, with pressure responsive synthetic rubber gasket.  
Victaulic Style 741, Tyco-Grinnell Fig. 71, or Gruvlok FIG 7401. 


L. Flange Gaskets: 
1. Type: full faced or flat ring to suit flange facings. 
2. Shall conform to ASTM F-104 
3. Minimum thickness: 1/16” 
4. Flange gaskets for medium and high pressure steam service shall be 


provided with metallic rim. 
5. Manufacturer: Garlock style 3200, or approved equal. 


M. Pipe Sleeves: 
1. Provide fire proof sleeve assemblies utilizing UL rated sealant systems at all 


fire rated penetrations.  For non-rated sleeve penetrations pack the annular 
space between the pipe and sleeve with fiberglass and/or mastic. 


2. Sleeves shall provide a minimum ½ inch annular clearance around pipe. 
3. Sheet metal:  Fabricate from galvanized sheet metal; round tube closed with 


snaplock joint, welded spiral seams, or welded longitudinal joint.  Fabricate 
from the following gauges:  3" and smaller, 20 gauge; 4" to 6", 16 gauge; 
over 6", 14 gauge. 


4. Steel pipe:  Fabricate from Schedule 40 galvanized steel pipe; remove burrs. 
5. Iron pipe:  Fabricate from cast iron or ductile-iron pipe; remove burrs. 
6. Plastic and copper pipe:  Fabricate from Schedule 80 PVC plastic pipe; 


remove burrs. 
7. Sleeves through interior concrete walls and floors:  Telescopic, submerged, 


adjustable sleeves by Adjust-to-Crete, AMI or Shamrock.  Floor sleeves to 
extend a minimum of 1” above finished floor. 


8. Through exterior walls and floor on grade:  150-pound class cast-iron pipe 
sleeve.  Where waterproof membranes are used, provide membrane 
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clamps.  For insulated piping, sleeve diameter shall not be less than 
diameter of insulated pipe. 


9. Cast-in-place watertight device for protecting penetrating objects from 
expansion and contraction of concrete.  Factory-assembled for use in cast-
in-place concrete floors and walls and consisting of two outer sleeves and a 
one-piece radial extended-flange waterstop gasket, with mid-body seal for 
embedment and sealing to concrete slab and continuous water seal 
extending to the penetrating pipe. 
a. Basis-of-Design Product:  Subject to compliance with requirements, 


provide Hubbard Enterprises/HOLDRITE; Hydro Preseal, or equal. 
b. Outer Sleeves:  EPDM attached to the mid-body seal forming an 


area with which to attach the device to the structural reinforcing rod 
determining the position of sleeve in the wall. 


c. Water Stop Mid-body Seal:  Flexible polymer seal with radial 
extended flange consisting of one to three concentric raised rings 
which lock into concrete, maintaining seal over time as concrete 
contracts from sleeve. 


N. Sleeve Seals: 
1. All sleeves shall be sealed to prevent intrusion of moisture, dust or insects. 
2. Underground:  For sleeves passing through exterior or foundation walls, 


provide mechanical link seal assembly. 
3. Aboveground:  For sleeves passing through walls or floors provide a 


non-toxic 3-hour rated fire resistant silicone foam sealant with a Flame 
Spread Rating of 20.  Sealant to be tested and approved under UL 263, 
ASTM E119, and NFPA 251 Standards.  All fire rated penetrations shall be 
sealed with approved UL System. 


4. Local Approvals:  All seals to be provided shall be in accordance with the 
regulations of all governing agencies of the city, county, and State Fire 
Marshal's Office. 


O. Watertight Sleeve-Seal Systems 
1. Description:  Cast-in-place, factory-assembled, one-piece watertight firestop 


device for use in concrete floors formed with wood decking to protect 
penetrating objects from expansion and contraction of concrete, thermal and 
seismic movement, and the passage of air, smoke, fire, and hot gasses. 
a. Basis-of-Design Product:  Subject to compliance with requirements, 


provide Hubbard Enterprises/HOLDRITE; Hydroflame Sleeve, or 
equal. 


b. Consists of an outer sleeve lined with an intumescent strip, and a 
radial extended flange attached to one end of the sleeve for 
fastening to concrete formwork. 


c. Include a waterstop gasket and mid-body seal consisting of one to 
three concentric raised rings for embedment and sealing to the 
concrete slab. 


d. Retain subparagraph below if fire resistance rating is required. 
e. Provide a comparable fire-resistance rated assembly when tested 


according to ASTM E 814 or ANSI/UL 1479. 
2. Description:  Cast-in-place, factory-assembled, one-piece watertight firestop 


device for use in floors formed with steel decking to protect penetrating 
objects from expansion and contraction of concrete, thermal and seismic 
movement, and the passage of air, smoke, hot gasses and fire. 
a. Basis-of-Design Product:  Subject to compliance with requirements, 


provide Hubbard Enterprises/HOLDRITE; Hydroflame CMD Metal 
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Deck Device, or equal. 
b. Consists of an outer sleeve lined with an intumescent strip, and wide 


outside wings attached to one end of the sleeve for fastening to 
metal deck concrete formwork and span deck corrugations. 


c. Includes a cone attached to the base for extending the device 
through the metal deck and a waterstop gasket and mid-body seal 
consisting of one to three concentric raised rings for embedment 
and sealing to the concrete slab. 


d. Retain subparagraph below if fire resistance rating is required. 
e. Provide a comparable fire-resistance rated assembly when tested 


according to ASTM E 814 or ANSI/UL 1479. 


2.17 VALVE BOXES: 


A. Concrete body, cast iron cover with vandal resistant screws, extensions as required 
to extend full depth to valve.  Valve box cover lettering shall correspond to the valve 
service, "Water", "Gas", etc.  Christy #G8 or equal. 


2.18 STEAM TRAPS 


A. Provide steam traps of size, flow capacity, and type as indicated on plans.  
Manufacturer: Armstrong, Spirax Sarco, Hoffman, or approved equal. 


B. Where size or type is not indicated, provide trap of size and type as recommended 
by trap manufacturer to meet the scheduled equipment capacity or anticipated flow 
for the application. 
1. Traps shall be sized with minimum 2:1 factor of safety for drip traps on 


mains. 
2. Traps shall be sized with minimum 3:1 factor of safety for end of main traps, 


heat exchanger and coil traps, or ahead of pressure reducing valves. 


C. Drip traps on steam headers or mains are to be inverted bucket (IB) type or 
Thermodynamic type. 


D. Traps on shell and tube type heat exchangers are to be inverted bucket large vent 
(IBLV) type or float & thermostatic (F&T) type. 


E. Traps on air unit heating coils are to be IBLV or F&T. 


F. Traps on radiation or pipe coils are to be IBLV, F&T, or thermostatic. 


G. Provide gate valves upstream and downstream of trap and inlet and outlet unions for 
servicing. 


H. Provide strainer upstream of trap and check valve downstream of trap. 


I. Provide bypass piping and normally-closed bypass globe valve one pipe size smaller 
than trap line size at each steam trap. 


2.19 EXPANSION COMPENSATORS AND FLEXIBLE PIPING CONNECTIONS 


A. General:  Pipe expansion, in general, is to be absorbed in bends, swing joints, 
expansion loops, and offsets.  All piping mains, branches and runouts shall be 
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installed to allow for free expansion and contraction without developing leaks or 
undue stressing of pipe.  Stresses shall be within allowable limits of ANSI B31.1 for 
pressure piping.  Vertical piping for domestic hot water, chilled water, heating water, 
steam and steam condensate shall be provided with expansion joints at each floor.  
Expansion products to conform to the standards of the Expansion Joint 
Manufacturer's Association.  Expansion joints shall not require packing.  Installer 
shall select materials and pressure/temperature ratings to suit intended service.  
Select packless expansion joints to provide 150% absorption capacity of calculated 
maximum piping expansion between anchors.  All connections shall have ends to 
match piping system application. 


B. Expansion Compensators (Pipe Compression and Extension):  Multiple stainless 
steel bellows and stainless steel liner with shroud and end fittings.  Keflex #311 
series or approved equal. 


C. Flexible Expansion Joint/Seismic Connector for Steel Pipe:  Stainless steel hose and 
braid, 180° return, CSA approved, and end fittings.  Metraflex #Metraloop, Unisource 
V-SF21 Style, or approved equal. 


D. Flexible Connection for Steel Pipe (Piping and Equipment Located Outside the 
Building):  Stainless steel hose and braid, with threaded or flanged ends.  Metraflex 
#SST or approved equal.  Provide steel supports to prevent sagging is required. 


E. Three grooved joint flexible type couplings may be used in lieu of flexible connectors 
on steel pipe for vibration attenuation and stress relief.  Grooved joint couplings shall 
be placed in close proximity to the vibration source.  For services up to 250°F.  
Victaulic Style 177 or 77, Tyco Grinnell Fig. 705 and 707 couplings, or Gruvlok FIG 
7401. 


F. Flexible Connection for Copper Pipe:  Bronze hose and braid, copper tube ends.  
Metraflex #BBS, Unisource V-BF11 Style, or approved equal.  Provide steel supports 
to prevent sagging is required. 


G. Flexible Rubber Connectors (Pump Connections):  Concentric spool type expansion 
joint, single or double arch.  Chlorobutyl tube and cover, meeting ASTM specification 
D2000 Grade 2AA610AB, L13.  The body shall be reinforced with rectangular body 
rings and a minimum of six bias plies of polyester fabric.  A hypolon coating shall be 
applied completely and uniformly to the cover.  All expansion joints shall be rated 190 
PSI/26 inch vacuum at 250° F for sizes up to and including 12 inch. 
1. For heating hot water service and critical pump connections.  Furnish with 


fluorelastomer tube and cover to ASTM D2000 Grade 1HK710.  The body 
shall be reinforced with rectangular body rings and six bias plies of 
fiberglass/kevlar fabric rated 190#/26 inch vacuum at 400° F.  Provide 
galvanized flat (not L shaped) back up rings and control rods to limit 
maximum axial extension.  Manufacturer shall provide documentation 
utilizing oven aged and cold flexibility tests to verify elastomer capability.  
Each batch of compound manufactured shall be tested to verify it conforms 
to the ASTM specifications listed below.  Garlock #204HP.  No known 
equals. 


 CHLOROBUTYL VITON 


Specific Gravity ASTMD 792 ASTMD 792 


Durometer Shore A ASTMD 2240 ASTMD 2240 


Tensile ASTMD 412 ASTMD 412 
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Elongation ASTMD 412 ASTMD 412 


 


 POLYESTER FIBERGLASS/KEVLAR 


Thread Count ASTMD 3775 ASTM 1910 


Gauge ASTMD 1777 ASTMD 1777 


Weight ASTMD 3776 ASTM 1910 


Breaking Strength ASTMD 1682 ASTMD 1682 


2. For chilled water, condenser water, and non-critical pump connections.  
Furnish with fluorelastomer tube and cover to ASTM D2000 Grade 1HK710. 
 The body shall be reinforced with rectangular body rings and six bias plies 
of fiberglass/kevlar fabric rated 190#/26 inch vacuum at 250° F.  Provide 
galvanized flat (not L shaped) back up rings and control rods to limit 
maximum axial extension.  Garlock #206 EZ-FLO or equal. 


3. Three grooved joint flexible type couplings may be used in lieu of flexible 
connectors on steel pipe for vibration attenuation and stress relief.  Grooved 
joint couplings shall be placed in close proximity to the vibration source.  For 
services up to 250°F.  Victaulic Style 177 or 77 Or Gruvlok FIG 7401. 


H. Expansion Joints for Grooved Piping:  For piping systems fabricated from grooved 
pipe and couplings, use one of the following methods for expansion compensation: 
1. Combination Couplings and Nipples:  Provide expansion joints constructed 


of grooved short pipe nipples and flexible couplings, designed by 
manufacturer to suit intended service.  Provide removable ties to hold joint 
compressed or expanded during piping fabrication, depending on 
application.  Total joint end movement is dependent on the number of 
couplings/nipples in the joint.  Select couplings and gasket materials to 
match balance of piping system. Victaulic Series 155 or Gruvlok FIG 7240. 


2. Slip-Type Expansion Joints:  Provide slip-type expansion joints constructed 
of carbon steel pipe and couplings, designed by manufacturer to suit 
intended service.  Joint shall be gasketed expansion joint, with grooved 
ends.  Slide section coated with PTFE modified PPS (Polyphenylene Sulfide) 
coating.  Joint suitable for axial end movement up to 3”.  Victaulic Style 150. 
 Select couplings and gasket material to match balance of piping system. 


3. Three flexible couplings:  Use three flexible couplings (Victaulic 177, 75 or 
77, Tyco-Grinnell Fig. 705 and 707, or Gruvlok FIG 7401) for the first three 
connections in close proximity to a pump or chiller to eliminate flexible 
rubber connectors.  


I. Pipe Alignment Guides:  Provide pipe alignment guides on both sides of expansion 
joints, and elsewhere as indicated on drawings.  Guide shall be of carbon steel 
construction with split guiding cylinder and integral anchor base and internal four 
finger two-piece spider.  Cylinder wall thickness shall be equal to schedule 40 wall 
thickness of pipe being guided.  Spider shall be capable of clamping directly to pipe 
and moving only in an axial direction while inside cylinder.   Anchoring directly to 
building substrate.  Metraflex #Style IV or equal. 


J. Expansion Loops:  Provide field fabricated pipe expansion loops as detailed on the 
drawings or in place of mechanical expansion joints. Expansion loops in IPS steel 
and roll grooved copper tubing systems shall be accommodated with loops or bends 
consisting of (8) Victaulic or Gruvlok couplings, (4) 90 degree elbows, and (3) 
grooved end pipe spools provided in water systems up to 250 deg F in accordance 
with recommendations for expansion compensation. 
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2.20 TRACER WIRE PIPE LOCATING WIRE AND MARKER 


A. Pipe Locating Wire: Bare AWG No. 10, soft drawn, single strand copper wire. 


B. Provide at least six mil PVC electrical tape insulation around wire where adjacent to 
metal pipe, valves, and in all valve boxes. 


C. Pipe marker shall be internal with locating wire color coded for use with different 
utility pipe systems, and marked with the utility tape every 24 inches. Provide 4 mil 
thick, 4"inch wide polyethylene marker. 


2.21 PIPE COATING 


A. All exposed above ground steel and copper pipe and fittings in corrosive air 
environments shall be covered with one of the following methods: 
1. Twice Wrap 20 Mill Scotch Wrap PVC No. 51, 50% overlap. 
2. Prefabricated extruded plastic cover with joints sealed with two coats of 20 


Mill Scotch Wrap No. 51. 


2.22 SUPPORTS AND ANCHORS (SEE SECTION 230500) 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Workmanship shall be performed by licensed journeymen or master mechanics and 
shall result in an installation consistent with the best practices of trades. 


B. Install work uniform, level and plumb, in relationship to lines of building.  Do not 
install any diagonal or otherwise irregular work unless so indicated on Drawings or 
approved by Architect. 


3.2 MANUFACTURER'S DIRECTIONS 


A. Follow manufacturer’s directions and recommendations in all cases where the 
manufacturers of articles used on this Contract furnish directions covering points not 
shown on the Drawings or covered in these Specifications. 


3.3 INSTALLATION 


A. Coordinate the work between the various Mechanical Sections and with the work 
specified under other Divisions of the work or contracts toward rapid completion of 
the entire project.  If any cooperative work must be altered due to lack of proper 
supervision or failure to make proper provisions in time, then the work hereunder 
shall include all expenses of such changes as are necessary in the work under other 
contracts, and such changes shall be directly supervised by and made to the 
satisfaction of the Engineer. 


B. The cooperative work not included in the Mechanical Division related to the general 
construction work is as follows: 
1. All formed concrete work 
2. Framed openings in masonry and other Architectural and Structural 


elements 
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3. Wood grounds and nailing strips in masonry and concrete 


C. Inspect all material, equipment, and apparatus upon delivery and do not install any 
that may be subject to rejection as a result of damage or other defects.  Provide 
tarps and visqueen cover to protect equipment and piping delivered to and stored at 
the site. 


3.4 WORKING PRESSURES 


A. All fittings, valves, pipe, specialties equipment shall be rated for the working pressure 
subjected in the installed locations. 


B. Drawings indicate working pressure in each system.  The rating of the equipment 
and material shall not be less than that of the system pressures. 


3.5 PIPE SIZES TO EQUIPMENT 


A. General:  Pipe sizes indicated on drawings shall be carried full size to equipment 
served.  Any change of size to match equipment connection shall be made within 
one foot of equipment. 


B. At temperature control valves with sizes smaller than connected lines, reduction shall 
be made immediately adjacent to valve. 


3.6 PIPING INSTALLATION 


A. General:  Install pipes and pipe fittings in accordance with recognized industry 
practices which will achieve permanently leakproof piping systems, capable of 
performing each indicated service without piping failure.  Install each run with 
minimum joints or couplings, but with adequate and accessible unions for 
disassembly and maintenance/replacement of valves and equipment.  Reduce sizes 
(where indicated) by use of reducing fittings.  Align piping accurately at connections, 
within 1/16 inch misalignment tolerance.  Comply with ASME B31 Code for Pressure 
Piping. 


B. Locate piping runs, except as otherwise indicated, vertically and horizontally (pitched 
to drain) and avoid diagonal runs wherever possible.  Orient horizontal runs parallel 
with walls and column lines.  Locate runs as shown or described by diagrams, 
details, and notations or, if not otherwise indicated, run piping in shortest route which 
does not obstruct space or block access for servicing building and its equipment.  
Hold piping close to walls, overhead construction, and other structural and 
permanent-enclosure elements of building.  Limit clearance to 1/2 inch where furring 
is shown for enclosure or concealment of piping, but allow for insulation thickness, if 
any.  Where possible, locate insulated piping for 1 inch clearance outside insulation.  
Whenever possible in finished and occupied spaces, conceal piping from view, by 
locating in column enclosures, in hollow wall construction, or above suspended 
ceilings.  Do not encase horizontal runs in solid partitions, except as indicated. 


C. Elevator Machine Rooms, Switchgear, Generator, Telecommunications, Telephone 
Rooms, and Electrical Equipment Spaces:  Do not run piping through transformer 
vaults and other electrical or electronic equipment spaces and enclosures unless 
unavoidable.  Install drip pan under piping that must be run through electrical spaces. 
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D. Cleaning:  Clean exterior surfaces of installed piping systems of superfluous 
materials, and prepare for application of specified coatings (if any). 


3.7 SLOPING, AIR VENTING, AND DRAINING: 
1. Chilled, heating, and condensate water: 


a. Slope all piping to allow for drainage at low points.  Slope shall not 
exceed 1%.  Provide drain valves and hose adapters at all low 
points in piping. 


b. Connect all water branch piping to the bottom or side of their 
respective mains.  Where connection must be made to the top of the 
main piping, make provision for venting of air. 


c. Provide manual or automatic vents at all high points in water piping 
and where shown on the drawings. 


2. Steam: 
a. Slope steam piping as specified and as indicated, true to line and 


grade, and free of traps and air pockets downward a minimum of 1” 
per 40 feet of run in the direction of flow and maximum 1% slope.   


b. Where horizontal piping must be reduced in size, use eccentric 
reducers that allow continuing a uniform pitch along the bottom of 
the piping (in downward pitched systems).  Avoid concentric 
reducers in horizontal piping to avoid potential water hammer. 


c. Takeoffs from steam mains are to be taken from the top of the main 
preferably at a 45 degree angle.  


d. Where branch takeoffs are less than 10 feet in length, the branch 
line is to be pitched back towards main at 1% slope. 


3.8 FLUSHING AND CLEANING PIPING SYSTEMS 


A. Steam, Steam Condensate, and Vent Piping:  No flushing or chemical cleaning 
required.  Accomplish cleaning by pulling all strainer screens and cleaning all 
scale/dirt legs during start-up operation. 


B. Water Piping (chilled and heating piping):  Clean systems with chemicals specified in 
Section 232500 HVAC Water Treatment.  Follow the method provided below or a 
method recommended by the suppliers of the chemicals specified in Section 232500.  
1. Initial flushing:  Remove loose dirt, mill scale, metal chips, weld beads, rust, 


and similar deleterious substances without damage to any system 
component. Provide temporary piping or hoses to bypass coils, control 
valves, exchangers and other factory cleaned equipment unless acceptable 
means of protection are provided and subsequent inspection of hide-out 
areas takes place. Isolate or protect clean system components, including 
pumps and pressure vessels, and remove any components which may be 
damaged. Open all valves, drains, vents and strainers at all system levels. 
Remove plugs, caps, spool pieces, and components to facilitate early debris 
discharge from system. Sectionalize system to obtain debris-carrying velocity 
of 2.5 to 6 feet per second, if possible. Connect dead-end supply and return 
headers as necessary. Flush bottoms of risers. Install temporary strainers 
where necessary to protect down-stream equipment. Supply and remove 
flushing water and drainage by various type hose, temporary and permanent 
piping and contractor’s booster pumps. Flush until clean as approved by the 
Owner, Architect or Engineer. 


2. Cleaning:  Using products specified in Section 232500, circulate systems at 
normal temperature to remove adhering organic soil, hydrocarbons, flux, 
pipe mill varnish, pipe joint compounds, iron oxide, and similar substances 
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not removed by flushing, without chemical or mechanical damage to any 
system component. Removal of tightly adherent mill scale is not required. 
Before cleaning isolate equipment which is “clean” and where dead-end 
debris accumulation must not occur. Sectionalize system if possible, to 
circulate at velocities not less than 6 feet per second. Circulate each section 
for not less than four hours.  Blow-down all strainers, or remove and clean 
as frequently as necessary. Drain and prepare for final flushing. 


3. Final Flushing:  Return systems to conditions required by initial flushing after 
all cleaning solution has been displaced by clean make-up. Flush all dead 
ends and isolated clean equipment. Gently operate all valves to dislodge any 
debris in valve body using the velocity of this throttling action.  Flush for not 
less than one hour. 


3.9 WATER TREATMENT EQUIPMENT AND SYSTEMS 


A. Install water treatment equipment and provide water treatment for systems as 
designated in Section 232500 HVAC Water Treatment. 


B. Close and fill systems as soon as possible after final flushing to minimize corrosion.  


3.10 WELDING 


A. Qualifications of Welders:  Welders performing work under this Contract shall be 
certified and qualified in accordance with tests prescribed by the National Certified 
Welding Bureau (NCWB) or by other approved test procedures using methodology 
and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, 
"Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and 
Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power 
Piping".  Welders shall be tested and certified for all positions. 


3.11 PIPING SYSTEM JOINTS 


A. All piping shall be cut squarely, free of rough edges and reamed to full bore.  Piping 
shall be mechanically cleaned prior to make-up of joints and fully inserted into 
fittings. 


B. Provide joints of type indicated in each piping system. 


C. Thread pipe in accordance with ANSI B2.1.  Cut threads full and clean using sharp 
dies.  Ream threaded ends to remove burrs and restore full inside diameter.  
Remove excess cutting oil from piping prior to assembly.  Apply pipe joint compound, 
or pipe joint tape (Teflon) where recommended by pipe/fitting manufacturer, on male 
threads at each joint and tighten joint to leave not more than 3 threads exposed. 


D. Solder copper tube and fitting joints with lead free nickel/silver bearing solder 
meeting ASTM.  B-32, in accordance with IAPMO IS 3-93, ASTM B-828 and Copper 
Development Association recommended procedures.  Joints shall be cleaned by 
other than chemical means prior to assembly.  "Shock" cooling is prohibited.  Fluxes 
shall be applied liberally to the outside of the pipe and the solder cup of the fitting.  
Fluxes shall be water soluble for copper and brass potable water applications, and 
shall meet CDA standard test method 1.0 and ASTM B813-91.  Solder shall be 
applied until a full fillet is present around the joint.  Solder and flux shall not be 
applied in such excessive quantities as to run down interior of pipe.  Lead solder or 
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corrosive flux shall not be present at the jobsite. 
1. Manufacturers: 


a. Solder: JW Harris "Bridgit" or Englehard "Silvabrite 100". 
b. Flux: Laco "Flux-Rite 90", MW Dunton "Nokorode CDA Flux", 


Hercules "Fluid Action Solder Flux". 


E. Braze copper tube and fitting socket or extrude joints (T-drill) with BCUP series filler 
metal without flux.  Listed brazing flux shall be used for joining of copper tube to 
brass or bronze fittings and shall meet AWS FB3A or FB3C.   "Shock" cooling is 
prohibited.  A continuous fillet shall be visible around the completed joint.  After 
cooling, flux residue shall be thoroughly removed with warm water and a brush prior 
to testing.  Do not use BCUP filler on copper alloys containing over 10% nickel. 


F. Piping shall be capped during construction to prevent entry of foreign material. 


G. Grooved Joints: 
1. All grooved couplings, fittings, valves, and specialties shall be the products 


of a single manufacturer.  Grooving tools shall meet AWWA C-606 
requirements. 


2. The gasket style and elastomeric material (grade) shall be verified as 
suitable for the intended service as specified.  Gaskets shall be molded and 
produced by the grooved coupling manufacturer. 


3. Grooved ends shall be clean and free from indentations, projections, and roll 
marks in the area from pipe end to groove. 


4. Grooved coupling manufacturer’s factory trained field representative shall 
provide on-site training for contractor’s field personnel in the proper use of 
grooving tools, application of groove, and installation of grooved piping 
products.  Factory trained representative shall periodically inspect the 
product installation.  Contractor shall remove and replace any improperly 
installed products. 


H. Weld pipe joints in accordance with recognized industry practice and as follows: 
1. Weld pipe joints only when ambient temperature is above 0°F. 
2. Bevel pipe ends at a 37.5° angle where possible, smooth rough cuts, and 


clean to remove slag, metal particles, and dirt. 
3. Use pipe clamps or tack-weld joints with 1 inch long welds, 4 welds for pipe 


sizes to 10", 8 welds for pipe sizes 12" to 20". 
4. Build up welds with stringer-bead pass, followed by hot pass, followed by 


cover or filler pass.  Eliminate valleys at center and at edges of each weld.  
Weld by procedures which will ensure elimination of unsound or un-fused 
metal, cracks, oxidation, blow-holes, and non-metallic inclusions. 


5. Do not weld out piping system imperfections by tack-welding procedures.  
Re-fabricate to comply with requirements. 


6. With engineering pre-approval stub-in saddle taps may be acceptable for 
branch connections where the branch size is less than 50% of the main size 
and where branch sizes are 2”, or smaller, in diameter. 


I. Flanged Joints:  Match flanges within piping system, and at connections with valves 
and equipment.  Clean flange faces and install gaskets.  Tighten bolts to provide 
uniform compression of gaskets. 


J. Cast-Iron Joints:  Comply with coupling manufacturer's Cast Iron Soil Pipe Institute 
Standards and installation instructions. 
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K. Adhesive Bonded Joints: 
1. All joints installed or constructed in the field shall be assembled by 


employees of the contractor who have been trained and certified to the 
bonding procedure specification provided by the pipe manufacturer.  This 
specification shall meet or exceed the requirements of ASME B31.3, Section 
A328.2.1.  The pipe manufacturer or their authorized representative shall 
train the contractor’s employees in the proper joining and assembly 
procedures required for the project including hand-on participation by the 
contractor’s employees in accordance with the manufacturer’s specification. 


3.12 VALVES 


A. General:  Except as otherwise indicated, comply with the following requirements. 
1. Install valves where required for proper operation of piping and equipment, 


including valves in branch lines where necessary to isolate sections of 
piping, strainers and other equipment.  Locate valves so as to be accessible 
and so that separate support can be provided as necessary. 


2. Install valves, except butterfly valves, with stems pointed up, in vertical 
position where possible, but in no case with stems pointed downward from 
horizontal plane without prior written approval.  Install valve drains with hose-
end adapter for each valve that must be installed with stem below horizontal 
plane. 


3. Install butterfly valves with stems mounted horizontally. 
4. All valves mounted higher than 10 feet above floor in mechanical rooms and 


where indicated shall be installed with stem horizontal and equipped with 
chain wheels and chains extending to 5 feet above floor. 


B. Insulation:  Where insulation is indicated, install extended-stem valves, arranged in 
proper manner to receive insulation. 


C. Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select 
and install valves with the following ends of types of pipe/tube connections: 
1. Copper Pipe, 2-1/2" and Smaller: One of the following, at installer’s option:   


a. Soldered-joint valves 
b. Grooved-joint valves 


2. Copper Pipe, 2-1/2” and Larger: Grooved-joint valves. 
3. Steel Pipe, 2" and Smaller:  Threaded joint valves. 
4. Steel Pipe, sizes 2-1/2” and larger:  One of the following, at installer's option: 


a. Flanged valves 
b. Lug valves 
c. Grooved-end valves 


D. Non-Metallic Disc:  Limit selection and installation of valves with non-metallic discs to 
locations indicated and where foreign material in piping system can be expected to 
prevent tight shutoff of metal seated valves. 


E. Renewable Seats:  Select and install valves with renewable seats, except where 
otherwise indicated. 


F. Fluid Control:  Except as otherwise indicated, install gate, globe, ball, plug, circuit 
setter, glove, and butterfly valves to comply with ASME B31.9. 


G. Check Valves:  Install in vertical or horizontal a minimum of three (3) pipe diameters 
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downstream of pump outlet. 


H. Wafer Style Silent Check Valve:  Install between two (2) flanges and use full size 
bolts to assure center alignment. 


I. Ball Valve:  Ball valve used on gas systems shall be UL listed, CSA approved for 
pressure of system, no exception 


J. Valve Adjustment:  After piping systems have been tested and put into service, but 
before final testing, adjusting, and balancing, inspect each valve for possible leaks.  
Adjust or replace packing to stop leaks, replace valve if leak persists. 


K. Valve Identification:  Tag each valve in accordance with "Mechanical Identification" 
section. 


L. Cleaning:  Clean factory-finished surfaces.  Repair marred or scratched surfaces 
with manufacturer's touch-up paint. 


M. Install so handles are readily available.  Locate valves and valve handles for 
appropriate maintenance access. 


N. Gasket and O Ring Material:  Valve manufacturer is responsible for submittals.  
Provide gasket and O ring material best suited for the both piping systems. 


3.13 TEMPERATURE GAUGES 


A. General:  Install temperature gauges in vertical upright position, and tilted so as to be 
easily read by observer standing on floor without supplemental illumination.  All 
gages to be installed with snubbers to absorb system shock. 


B. Install in the following locations, and elsewhere as indicated: 
1. At inlet and outlet of heat exchangers 


3.14 SLEEVE INSTALLATION 


A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and 
walls. 


B. For sleeves that will have sleeve-seal system installed, select sleeves of size large 
enough to provide 1” minimum annular clear space between piping/insulated piping 
and concrete slabs and walls. 
1. Retain subparagraph below when cast-in-place watertight sleeve seals are 


required. 
2. When cast-in-place watertight sleeve seals are required, select sleeve size 


to match the size and type of pipe to be installed. 
3. Retain subparagraph below if applicable. 
4. Sleeves are not required for core-drilled holes. 


C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new 
slabs and walls are constructed. 
1. Cut sleeves to length for mounting flush with both surfaces. 


a. Exception:  Extend sleeves installed in floors of mechanical 
equipment areas or other wet areas 2” above finished floor level. 
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2. Using grout, seal the space outside of sleeves in slabs and walls without 
sleeve-seal system. 


D. Install sleeves for pipes passing through interior partitions. 
1. Cut sleeves to length for mounting flush with both surfaces. 
2. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular 


clear space between sleeve and pipe or pipe insulation. 
3. Seal annular space between sleeve and piping or piping insulation; use joint 


sealants appropriate for size, depth, and location of joint.  Comply with 
requirements for sealants specified in Division 07 Section "Joint Sealants." 


4. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, 
ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop 
materials.  Comply with requirements for firestopping specified in Division 07 
Section "Penetration Firestopping."Exception:  When fire-resistance-rated 
cast-in-place watertight sleeve seals are required for floor penetrations, 
additional firestopping is not necessary. 


3.15 SLEEVE-SEAL-SYSTEM INSTALLATION 


A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade 
at service piping entries into building. 


B. Select type, size, and number of sealing elements required for piping material and 
size and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping 
in penetration, assemble sleeve-seal system components, and install in annular 
space between piping and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make a watertight seal. 


C. Aboveground, Cast-in-Place Watertight Sleeves.  Select sleeve size based on pipe 
size and material to be inserted, and thickness of wall. 
1. Install cast-in-place watertight sleeves for pipes NPS 6 (DN 150) and smaller 


in diameter. 
2. Position cast-in-place water tight sleeve in wall space securing sleeve to 


reinforcing steel using tie wire. 


D. Underground, Exterior-Wall, Cast-in-Place Watertight Penetrations.  Select sleeve 
size based on pipe size and material to be inserted, and thickness of wall. 
1. Install cast-in-place watertight sleeves for pipes NPS 6 (DN 150) and smaller 


in diameter. 
2. Secure sleeve to the reinforcing steel using tie wire. 


E. Fire-Resistance Rated, Cast-in-Place Sleeve Installation:  Select sleeve size based 
on size and type of pipe and thickness of the floor.  Position and secure sleeve to 
concrete form using nails or staples.  Place concrete, and finish even with top of 
sleeve. 


3.16 EXPANSION LOOPS 


A. Expansion Loops:  Fabricate expansion loops as indicated, in locations indicated, 
and elsewhere as determined by installer for adequate expansion of installed piping 
system.  Subject loop to cold spring which will absorb 50% of total expansion 
between hot and cold conditions.  Provide pipe anchors and pipe alignment guides 
as indicated, and elsewhere as determined by installer to properly anchor piping in 







SAN DIEGO STATE UNIVERSITY SECTION 232113 
EIS COMPLEX HVAC PIPING, VALVES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC AND SPECIALTIES 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 232113 - 32 McParlane & Associates, Inc. 


relationship to expansion loops. 


B. Expansion Compensation for Risers and Terminals:  Install connection between 
piping mains and risers with at least five pipe fittings including tee in main.  Install 
connections between piping risers and terminal units with at least four pipe fittings 
including tee in riser. 


3.17 EXPANSION COMPENSATORS 


A. Install as noted on plans.  Where plans do not indicate spacing of guides or other 
pertinent information, install per manufacturer's recommendations. 


3.18 EXCAVATION AND BACKFILL 


A. Underground piping shall be installed in stable, open trenchwork.  Trench 
excavations shall be a minimum of 16 inch wide, true to line and grade.  Contractor 
shall exercise all due shoring and safety procedures.  No stones larger than 1 inch 
may be present in the trench to a minimum depth of 4 inch below the trench bottom.  
The trench shall be free of job site debris, and free of corrosive media.  Pipe crown 
shall be not less than 36 inch below the finished ground surface for metallic pipe, and 
40 inch for non-metallic pipe, unless otherwise indicated on the drawings or directed 
by the Architect.  Trenches shall be kept free of excess moisture, and shall be kept 
open for only a short a time as necessary for installation, testing and inspection.  
Dispose of surplus excavation and seepage water as directed by the Architect. 


B. Piping shall be properly bedded and backfilled over stable trench bottom to a level of 
at least 12 inch above the pipe crown with thin layers of unwashed sand, dampened 
but not puddled, and free of organic or corrosive materials and excessive moisture.  
Backfill shall be placed in thin layers not to exceed 6 inch and tamped by mechanical 
tampers to a minimum 90% Standard Proctor Density, in accordance with ASTM D-
1557-58T.  Trenches shall be backfilled to a minimum depth of 36 inch prior to being 
wheel loaded.  Replace to their original condition all turf, plants, concrete, asphalt, or 
other improvements which constitute landscaping, traffic areas or other improved 
areas which become disturbed by excavation.  In graded and undeveloped areas, in 
addition to procedures specified above, backfill trenches with crown 8 inch above the 
surrounding surface. 


C. Excavated and backfill in soils of unstable nature shall be provided as directed by 
Architect. 


3.19 PIPE INSPECTIONS 


A. It is the intent of the Contract Documents that systems be inspected at completion of 
each phase while under tests required for administrative authorities, and prior to 
concealment, i.e. "Rough-in" "Top-out" and final. 


B. Inspection - Below Grade:  All piping installed below grade shall be inspected prior to 
burial by the Architect, the Owner's Representative or the Engineer.  Provide 
photographs of underground piping in Operation and Maintenance Manuals including 
location and depth of pipes.  Contractor must notify Architect no less than 24 working 
hours prior to inspection time.  Should the piping be buried without approval the 
contractor may be requested to uncover the piping at no delay to the project and at 
no additional cost to the Owner. 
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C. Inspection - Above Grade:  All piping installed above grade shall be inspected upon 
completion and prior to finish of walls and ceilings by the Architect, the Owner's 
Representative or the Engineer.  Contractor must notify Architect no less than 24 
working hours prior to inspection time.  Should the piping be hidden within the 
structure prior to inspection approval the contractor may be requested to uncover the 
piping at no delay to the project and at no additional cost to the Owner. 


3.20 PAINTING (SEE SECTION 230500) 


3.21 IDENTIFICATION MARKERS (SEE SECTION 230500) 


3.22 WATER ANALYSIS AND TREATMENT 


A. Upon completion of systems installation, cleaning, and filling, engage a qualified 
water treatment firm, acceptable to the Architect and Engineer.  The water treatment 
firm shall perform a chemical analysis on each system listed hereinafter, and shall 
submit to the Engineer a report, including the following: 
1. Analysis of heating water, chilled water, and condenser water systems 
2. Initial treatment of each system 
3. Recommendations regarding subsequent, periodic, or continuous treatment 


on each system 


B. Contractor is to furnish and install initial treatment. 


C. For all systems except steam and condenser water, contractor is to provide for 
periodic testing at 6 months and 12 months after startup and shall provide all 
recommended treatment for full first year of system operation.  For steam and 
condenser water systems provide monthly testing and report. 


3.23 TESTING 


A. Provide all tests specified hereinafter and as otherwise required.  Provide all test 
equipment, including test pumps, gauges, instruments, and other equipment 
required.  Test all rotational equipment for proper direction of rotation.  Upon 
completion of testing, certify to the Architect, in writing, that the specified tests have 
been performed and that the installation complies with the specified requirements 
and provide a report of the test observations signed by qualified inspector. 


B. Piping:  Remove from the system, during testing, all equipment which would be 
damaged by test pressure.  Replace removed equipment when testing has been 
accomplished.  The systems may be tested in sections as the work progresses; 
however, any previously tested portion shall become a part of any latter test of a 
composite system.  Correct leaks by remaking joints with new material. 


C. Test time will be accrued only while full test pressure is on the system, unless 
indicated otherwise.  "Tolerance" shall be no pressure drop, except that due to 
temperature change in a 24-hour period.  Inspect and test all work prior to burying or 
concealing.  Test pressure shall be the minimum test pressure listed below or the 
listed test pressure below or 50 psig more than operating pressure, whichever is 
greater.  Do not exceed the maximum pressure rating of the piping. 


 


SYSTEM TEST MEDIUM 
TEST PRESSURE 


(MINIMUM) 
TOLERANCE – TEST 


PERIOD 
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SYSTEM TEST MEDIUM 
TEST PRESSURE 


(MINIMUM) 
TOLERANCE – TEST 


PERIOD 


Chilled Water Water 100 psig None - 8 hours 


Heating Water Water 100 psig None - 8 hours 


Steam Air 200 psig None – 8 hours 


Condensate Water 150 psig None – 8 hours 


Refrigerant Piping Air 200 psig None – 8 hours 


D. Valves:  Test all valve bonnets for tightness.  Test operate all valves at least once 
from closed-to-open-to-closed position while valve is under test pressure.  Test all 
automatic valves, including solenoid valves, and temperature and pressure relief 
valves, safety valves, and temperature and pressure relief valves not less than three 
(3) times. 


E. Piping Specialties:  Test all thermometers, pressure gauges, and water meters for 
accurate indication; automatic water feeders, and air vents for proper performance.  
Test all air vent points to ensure that all air has been vented. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein. 



		1.2 SCOPE (NOTE TO EDITOR-REVISE SCOPE OF PIPE SYSTEMS AS NECESSARY)

		A. All work to be furnished and installed under this section shall include, but not necessarily be limited to, the following:

		B. In addition, provide the following:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Comply with all San Diego State University Campus Mechanical Standards For New Construction and Renovation Capital Projects Standards.

		B. Division 01:  General Requirements

		C. Division 22: Plumbing

		D. Division 23: Mechanical

		E. Underground Hydronic Piping



		1.4 QUALITY ASSURANCE

		A. Manufacturer Qualifications:

		B. Codes and Standards:

		C. Product Control



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer’s technical product data for all piping, valves and specialties indicating dimensions, valve CV, flow capacity, pressure setting, tolerances etc.

		B. Maintenance Data:  Submit maintenance instructions, including instructions for lubrication, valve replacement, and spare parts lists.  Include this data, product data, and shop drawings in operating and maintenance manuals.

		C. Grooved joint couplings and fittings shall be shown on drawings and product submittals, and be specifically identified with the applicable Victaulic style number.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Furnish and install all new material, equipment, and apparatus hereinafter specified unless specifically noted otherwise.  All material, equipment, and apparatus shall be identified by the manufacturer's name, nameplate, and pertinent data.All pipe, pipe fittings and valves shall be manufactured in North America.  Alternatives may be acceptable, but must be submitted and approved by the Engineer prior to bidding.

		B. Type M copper piping is not acceptable for any pressure water piping unless specifically noted otherwise.

		C. All materials, equipment, and apparatus are mentioned as standards unless noted otherwise.  The words "or approved equal" shall be considered to be subsequent to all manufacturers’ names used herein, unless specifically noted that substitutes are not allowed.

		D. Hydronic and Steam Piping Pressure Classifications:



		2.2 PIPE AND FITTINGS

		A. Chilled Water Piping: (Above grade)

		B. Heating Water Piping (Above Grade):

		C. Steam Piping: 

		D. Steam Condensate Piping (Gravity and Pumped Pressure Condensate): 

		E. Temperature and Pressure Relief Valve Discharge Piping:

		F. Refrigerant Piping



		2.3 VALVES:  GENERAL

		A. General:  Valve ratings shall exceed respective system operating pressures by 50% (minimum).  All valves shall be line size unless otherwise noted.

		B. Product Data:  Submit manufacturer's technical product data, including installation instructions for each type of valve.  Include pressure drop curve or chart for each type and size of balancing valve or circuit setter.  Submit valve schedule showing manufacturer's figure number, size, location, and valve features for each required valve.

		C. Shop Drawings:  Submit manufacturer's assembly-type (exploded view) shop drawings for each type of valve, indicating dimensions, weights, materials, and methods of assembly of components.

		D. Acceptable Manufacturers (manufacturer and model number listed for individual valves indicates minimum acceptable by all manufacturers):

		E. Valve Identification:  Provide valves with manufacturer's name (or trademark) and pressure rating clearly marked on the valve body.

		F. Operators:

		G. Valve Features:



		2.4 HVAC SERVICE VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE

		A. Ball Valves, 2” and Smaller:

		B. Butterfly Valves, 2-1/2” and Larger:

		C. Check Valves:

		D. Drain Valves:



		2.5 STEAM SERVICE VALVES: MAXIMUM 120 PSIG STEAM SYSTEM PRESSURE

		A. Gate Valves:

		B. Globe Valves:

		C. Check Valves:



		2.6 BALANCING VALVES: MAXIMUM 125 PSIG SYSTEM WORKING WATER PRESSURE

		A. Pressure Independent Water Flow in Variable Flow Systems:



		2.7 TERMINAL UNIT ASSEMBLIES – COIL KITS

		A. General:  As an alternative to built-up valve and connection assemblies for terminal units, a complete kit consisting of valves, strainer, balancing, and flexible hose connection may be provided. Pro Hydronic Specialties, Victaulic Koil Kit Series 799 or 79V, Hays Fluid Controls, or equal by others.



		2.8 BRANCH CIRCUIT DIFFERENTIAL PRESSURE CONTROL VALVES

		A. Self powered control valves designed to maintain constant differential pressure for branch circuits and consisting of a differential control, single pressure temperature port, and dead end service shutoff.  Shall be capable of stabilizing pressure ranges of 1.5 to 8.7 psi in 3/4" to 1" valves, 2.9 to 11.6 psi in 1-1/4" -2" valves, or 51 psi for 2-1/2" through 4" valves.

		B. Bonnet shall be manufactured of copper alloy, O-rings, seat seal, and membrane to be EPDM.

		C. T/A 793/794 used in conjunction with Victaulic T/A balancing valves



		2.9 PRESSURE INDEPENDENT TEMPERATURE CONTROL VALVES (COIL CONTROL VALVES)

		A. Modulating control valves shall be pressure independent characterized two-way actuated flow control valves.  The flow rate through the valve shall not vary more than + or - 15% due to system pressure fluctuations across the valve in the selected operating range.

		B. Electronic valves at all variable air volume terminals, constant volume terminals, fan powered terminals, and zone reheat coils with valve connections of 1" (18 gpm) or less in size may utilize floating point control.  All air handler coils shall utilize proportional control electronic valves.

		C. The rangeability of the valve shall be 90:1 (minimum). 

		D. The valve bodies shall be of cast brass and rated for 200 PSI working pressure (minimum).  All internal parts shall be stainless steel, teflon, brass, bronze, or polyphenylsufone orifice with an elastomeric diaphragm.  The valves shall be serviceable without removing them from the piping system.  Valve flow characteristics shall be able to be changed without removing the valve from the piping system.

		E. Balancing valves shall not be required where these control valves are installed.  Flow performance curves shall be provided with each valve

		F. The actuator shall modulate the control valve from 0 to 100% design flow.  The actuator shall be directly coupled to the valve at the factory.

		G. Pressure/temperature ports (Pete's Plugs) shall be installed at the factory in each valve larger than 1” or be integral to the valve.  Two ports shall be used to measure inlet and outlet pressure to the valve.

		H. Manufacturer:  Honeywell VRN, Belimo PICCV, Hays Fluid Controls, Victaulic TCP Series, Danfoss AB-QM, Griswold PIC-V, MVP, or PIM models, Oventrop Cocon Q or Flow Control Industries DeltaPValve.  Valves shall be provided by controls provider and installed by piping.



		2.10 HYDRONIC SYSTEM PRESSURE REDUCING VALVES

		A. Single seated, direct operated type; high capacity, having bronze body with strainer, by-pass feature, pressure gauge tappings and complying with requirements of ASSE Standard 1003.  Select proper size for maximum flow rate and fall-off at inlet and outlet pressure indicated. 



		2.11 HYDRONIC SYSTEM PRESSURE RELIEF VALVES

		A. Pressure Relief Valves:  Constructed in accordance with ASME, 125�pound setting, and so stamped.  Size as required.  Watts #740 Series.  

		B. Temperature and Pressure Relief Valve:  Constructed in accordance with ASME, 125�pound setting (or pressure setting as indicated on construction documents), and so stamped.  Size as required.  Watts #100XL, 40XL, 140, N240, or 340 Series.



		2.12 HYDRONIC SYSTEM REDUCED PRESSURE BACKFLOW PREVENTION VALVES

		A. General:  All backflow prevention valves shall be State approved.  Coordinate with plumbing system for provision of domestic water to reduced pressure backflow prevention to protect domestic water system from connection to hydronic piping systems.

		B. Reduced Pressure Backflow Preventer



		2.13 STEAM PRESSURE REDUCING VALVES

		A. The pressure regulator shall be of the pilot-actuated diaphragm operated type.  The main valve shall be single seated with hardened stainless steel trim: the regulator body shall be cast iron or steel.  The pilot shall be bolted directly to the regulator body. The regulator shall be capable of dead-end shut-off. 



		2.14 STEAM SYSTEM SAFETY VALVES

		A. Size 1/2”-1-1/4”. ASME sections I and VIII for steam service. Safety valve shall be fitted with enclosed spring and external lifting lever.  Valve shall be rated up to 250 psi and 450 deg. F. steam. Shall be furnished with manufacturer’s standard connections and valve body of cast brass with bronze Teflon internals. 

		B. Size 1-1/2” and above. ASME sections I and VIII for steam service.  Safety valve shall be fitted with enclosed spring and external lifting lever. Valve shall be rated up to 250 psi and 450 deg. F. steam.  Shall be furnished with manufacturer’s standard connections and valve body of cast iron with bronze internals.



		2.15 THERMOMETERS AND GAUGES

		A. General:

		B. Thermometers:

		C. Thermometer Test Wells:

		D. Temperature/Pressure Gauge Connector Test Plugs (Pete’s Plugs):

		E. Pressure Gauges:

		F. Pressure Gauge Cocks:



		2.16 PIPING SPECIALTIES

		A. General:

		B. Pipe Escutcheons:

		C. Low Pressure Y-Type Pipeline Strainers:

		D. Basket Strainers:

		E. Drip Pans:

		F. Steam Safety Valve Drip-Pan Elbows:

		G. Air Vent with Valves:

		H. Dielectric Waterways:

		I. Dielectric Flanges: Provide dielectric flanges and dielectric bolt sleeves for flanged transitions between dissimilar metal piping.  Watts Series 3100 or approved equal.

		J. Unions:

		K. Flanges:

		L. Flange Gaskets:

		M. Pipe Sleeves:

		N. Sleeve Seals:

		O. Watertight Sleeve-Seal Systems



		2.17 VALVE BOXES:

		A. Concrete body, cast iron cover with vandal resistant screws, extensions as required to extend full depth to valve.  Valve box cover lettering shall correspond to the valve service, "Water", "Gas", etc.  Christy #G8 or equal.



		2.18 STEAM TRAPS

		A. Provide steam traps of size, flow capacity, and type as indicated on plans.  Manufacturer: Armstrong, Spirax Sarco, Hoffman, or approved equal.

		B. Where size or type is not indicated, provide trap of size and type as recommended by trap manufacturer to meet the scheduled equipment capacity or anticipated flow for the application.

		C. Drip traps on steam headers or mains are to be inverted bucket (IB) type or Thermodynamic type.

		D. Traps on shell and tube type heat exchangers are to be inverted bucket large vent (IBLV) type or float & thermostatic (F&T) type.

		E. Traps on air unit heating coils are to be IBLV or F&T.

		F. Traps on radiation or pipe coils are to be IBLV, F&T, or thermostatic.

		G. Provide gate valves upstream and downstream of trap and inlet and outlet unions for servicing.

		H. Provide strainer upstream of trap and check valve downstream of trap.

		I. Provide bypass piping and normally-closed bypass globe valve one pipe size smaller than trap line size at each steam trap.



		2.19 EXPANSION COMPENSATORS AND FLEXIBLE PIPING CONNECTIONS

		A. General:  Pipe expansion, in general, is to be absorbed in bends, swing joints, expansion loops, and offsets.  All piping mains, branches and runouts shall be installed to allow for free expansion and contraction without developing leaks or undue stressing of pipe.  Stresses shall be within allowable limits of ANSI B31.1 for pressure piping.  Vertical piping for domestic hot water, chilled water, heating water, steam and steam condensate shall be provided with expansion joints at each floor.  Expansion products to conform to the standards of the Expansion Joint Manufacturer's Association.  Expansion joints shall not require packing.  Installer shall select materials and pressure/temperature ratings to suit intended service.  Select packless expansion joints to provide 150% absorption capacity of calculated maximum piping expansion between anchors.  All connections shall have ends to match piping system application.

		B. Expansion Compensators (Pipe Compression and Extension):  Multiple stainless steel bellows and stainless steel liner with shroud and end fittings.  Keflex #311 series or approved equal.

		C. Flexible Expansion Joint/Seismic Connector for Steel Pipe:  Stainless steel hose and braid, 180° return, CSA approved, and end fittings.  Metraflex #Metraloop, Unisource V-SF21 Style, or approved equal.

		D. Flexible Connection for Steel Pipe (Piping and Equipment Located Outside the Building):  Stainless steel hose and braid, with threaded or flanged ends.  Metraflex #SST or approved equal.  Provide steel supports to prevent sagging is required.

		E. Three grooved joint flexible type couplings may be used in lieu of flexible connectors on steel pipe for vibration attenuation and stress relief.  Grooved joint couplings shall be placed in close proximity to the vibration source.  For services up to 250°F.  Victaulic Style 177 or 77, Tyco Grinnell Fig. 705 and 707 couplings, or Gruvlok FIG 7401.

		F. Flexible Connection for Copper Pipe:  Bronze hose and braid, copper tube ends.  Metraflex #BBS, Unisource V-BF11 Style, or approved equal.  Provide steel supports to prevent sagging is required.

		G. Flexible Rubber Connectors (Pump Connections):  Concentric spool type expansion joint, single or double arch.  Chlorobutyl tube and cover, meeting ASTM specification D2000 Grade 2AA610AB, L13.  The body shall be reinforced with rectangular body rings and a minimum of six bias plies of polyester fabric.  A hypolon coating shall be applied completely and uniformly to the cover.  All expansion joints shall be rated 190 PSI/26 inch vacuum at 250° F for sizes up to and including 12 inch.

		H. Expansion Joints for Grooved Piping:  For piping systems fabricated from grooved pipe and couplings, use one of the following methods for expansion compensation:

		I. Pipe Alignment Guides:  Provide pipe alignment guides on both sides of expansion joints, and elsewhere as indicated on drawings.  Guide shall be of carbon steel construction with split guiding cylinder and integral anchor base and internal four finger two-piece spider.  Cylinder wall thickness shall be equal to schedule 40 wall thickness of pipe being guided.  Spider shall be capable of clamping directly to pipe and moving only in an axial direction while inside cylinder.   Anchoring directly to building substrate.  Metraflex #Style IV or equal.

		J. Expansion Loops:  Provide field fabricated pipe expansion loops as detailed on the drawings or in place of mechanical expansion joints. Expansion loops in IPS steel and roll grooved copper tubing systems shall be accommodated with loops or bends consisting of (8) Victaulic or Gruvlok couplings, (4) 90 degree elbows, and (3) grooved end pipe spools provided in water systems up to 250 deg F in accordance with recommendations for expansion compensation.



		2.20 TRACER WIRE PIPE LOCATING WIRE AND MARKER

		A. Pipe Locating Wire: Bare AWG No. 10, soft drawn, single strand copper wire.

		B. Provide at least six mil PVC electrical tape insulation around wire where adjacent to metal pipe, valves, and in all valve boxes.

		C. Pipe marker shall be internal with locating wire color coded for use with different utility pipe systems, and marked with the utility tape every 24 inches. Provide 4 mil thick, 4"inch wide polyethylene marker.



		2.21 PIPE COATING

		A. All exposed above ground steel and copper pipe and fittings in corrosive air environments shall be covered with one of the following methods:



		2.22 SUPPORTS AND ANCHORS (SEE SECTION 230500)



		PART 3 - EXECUTION

		3.1 GENERAL

		A. Workmanship shall be performed by licensed journeymen or master mechanics and shall result in an installation consistent with the best practices of trades.

		B. Install work uniform, level and plumb, in relationship to lines of building.  Do not install any diagonal or otherwise irregular work unless so indicated on Drawings or approved by Architect.



		3.2 MANUFACTURER'S DIRECTIONS

		A. Follow manufacturer’s directions and recommendations in all cases where the manufacturers of articles used on this Contract furnish directions covering points not shown on the Drawings or covered in these Specifications.



		3.3 INSTALLATION

		A. Coordinate the work between the various Mechanical Sections and with the work specified under other Divisions of the work or contracts toward rapid completion of the entire project.  If any cooperative work must be altered due to lack of proper supervision or failure to make proper provisions in time, then the work hereunder shall include all expenses of such changes as are necessary in the work under other contracts, and such changes shall be directly supervised by and made to the satisfaction of the Engineer.

		B. The cooperative work not included in the Mechanical Division related to the general construction work is as follows:

		C. Inspect all material, equipment, and apparatus upon delivery and do not install any that may be subject to rejection as a result of damage or other defects.  Provide tarps and visqueen cover to protect equipment and piping delivered to and stored at the site.



		3.4 WORKING PRESSURES

		A. All fittings, valves, pipe, specialties equipment shall be rated for the working pressure subjected in the installed locations.

		B. Drawings indicate working pressure in each system.  The rating of the equipment and material shall not be less than that of the system pressures.



		3.5 PIPE SIZES TO EQUIPMENT

		A. General:  Pipe sizes indicated on drawings shall be carried full size to equipment served.  Any change of size to match equipment connection shall be made within one foot of equipment.

		B. At temperature control valves with sizes smaller than connected lines, reduction shall be made immediately adjacent to valve.



		3.6 PIPING INSTALLATION

		A. General:  Install pipes and pipe fittings in accordance with recognized industry practices which will achieve permanently leakproof piping systems, capable of performing each indicated service without piping failure.  Install each run with minimum joints or couplings, but with adequate and accessible unions for disassembly and maintenance/replacement of valves and equipment.  Reduce sizes (where indicated) by use of reducing fittings.  Align piping accurately at connections, within 1/16 inch misalignment tolerance.  Comply with ASME B31 Code for Pressure Piping.

		B. Locate piping runs, except as otherwise indicated, vertically and horizontally (pitched to drain) and avoid diagonal runs wherever possible.  Orient horizontal runs parallel with walls and column lines.  Locate runs as shown or described by diagrams, details, and notations or, if not otherwise indicated, run piping in shortest route which does not obstruct space or block access for servicing building and its equipment.  Hold piping close to walls, overhead construction, and other structural and permanent�enclosure elements of building.  Limit clearance to 1/2 inch where furring is shown for enclosure or concealment of piping, but allow for insulation thickness, if any.  Where possible, locate insulated piping for 1 inch clearance outside insulation.  Whenever possible in finished and occupied spaces, conceal piping from view, by locating in column enclosures, in hollow wall construction, or above suspended ceilings.  Do not encase horizontal runs in solid partitions, except as indicated.

		C. Elevator Machine Rooms, Switchgear, Generator, Telecommunications, Telephone Rooms, and Electrical Equipment Spaces:  Do not run piping through transformer vaults and other electrical or electronic equipment spaces and enclosures unless unavoidable.  Install drip pan under piping that must be run through electrical spaces.

		D. Cleaning:  Clean exterior surfaces of installed piping systems of superfluous materials, and prepare for application of specified coatings (if any).



		3.7 SLOPING, AIR VENTING, AND DRAINING:

		3.8 FLUSHING AND CLEANING PIPING SYSTEMS

		A. Steam, Steam Condensate, and Vent Piping:  No flushing or chemical cleaning required.  Accomplish cleaning by pulling all strainer screens and cleaning all scale/dirt legs during start-up operation.

		B. Water Piping (chilled and heating piping):  Clean systems with chemicals specified in Section 232500 HVAC Water Treatment.  Follow the method provided below or a method recommended by the suppliers of the chemicals specified in Section 232500. 



		3.9 WATER TREATMENT EQUIPMENT AND SYSTEMS

		A. Install water treatment equipment and provide water treatment for systems as designated in Section 232500 HVAC Water Treatment.

		B. Close and fill systems as soon as possible after final flushing to minimize corrosion. 



		3.10 WELDING

		A. Qualifications of Welders:  Welders performing work under this Contract shall be certified and qualified in accordance with tests prescribed by the National Certified Welding Bureau (NCWB) or by other approved test procedures using methodology and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, "Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power Piping".  Welders shall be tested and certified for all positions.



		3.11 PIPING SYSTEM JOINTS

		A. All piping shall be cut squarely, free of rough edges and reamed to full bore.  Piping shall be mechanically cleaned prior to make-up of joints and fully inserted into fittings.

		B. Provide joints of type indicated in each piping system.

		C. Thread pipe in accordance with ANSI B2.1.  Cut threads full and clean using sharp dies.  Ream threaded ends to remove burrs and restore full inside diameter.  Remove excess cutting oil from piping prior to assembly.  Apply pipe joint compound, or pipe joint tape (Teflon) where recommended by pipe/fitting manufacturer, on male threads at each joint and tighten joint to leave not more than 3 threads exposed.

		D. Solder copper tube and fitting joints with lead free nickel/silver bearing solder meeting ASTM.  B-32, in accordance with IAPMO IS 3-93, ASTM B-828 and Copper Development Association recommended procedures.  Joints shall be cleaned by other than chemical means prior to assembly.  "Shock" cooling is prohibited.  Fluxes shall be applied liberally to the outside of the pipe and the solder cup of the fitting.  Fluxes shall be water soluble for copper and brass potable water applications, and shall meet CDA standard test method 1.0 and ASTM B813-91.  Solder shall be applied until a full fillet is present around the joint.  Solder and flux shall not be applied in such excessive quantities as to run down interior of pipe.  Lead solder or corrosive flux shall not be present at the jobsite.

		E. Braze copper tube and fitting socket or extrude joints (T-drill) with BCUP series filler metal without flux.  Listed brazing flux shall be used for joining of copper tube to brass or bronze fittings and shall meet AWS FB3A or FB3C.   "Shock" cooling is prohibited.  A continuous fillet shall be visible around the completed joint.  After cooling, flux residue shall be thoroughly removed with warm water and a brush prior to testing.  Do not use BCUP filler on copper alloys containing over 10% nickel.

		F. Piping shall be capped during construction to prevent entry of foreign material.

		G. Grooved Joints:

		H. Weld pipe joints in accordance with recognized industry practice and as follows:

		I. Flanged Joints:  Match flanges within piping system, and at connections with valves and equipment.  Clean flange faces and install gaskets.  Tighten bolts to provide uniform compression of gaskets.

		J. Cast-Iron Joints:  Comply with coupling manufacturer's Cast Iron Soil Pipe Institute Standards and installation instructions.

		K. Adhesive Bonded Joints:



		3.12 VALVES

		A. General:  Except as otherwise indicated, comply with the following requirements.

		B. Insulation:  Where insulation is indicated, install extended-stem valves, arranged in proper manner to receive insulation.

		C. Selection of Valve Ends (Pipe Connections):  Except as otherwise indicated, select and install valves with the following ends of types of pipe/tube connections:

		D. Non-Metallic Disc:  Limit selection and installation of valves with non�metallic discs to locations indicated and where foreign material in piping system can be expected to prevent tight shutoff of metal seated valves.

		E. Renewable Seats:  Select and install valves with renewable seats, except where otherwise indicated.

		F. Fluid Control:  Except as otherwise indicated, install gate, globe, ball, plug, circuit setter, glove, and butterfly valves to comply with ASME B31.9.

		G. Check Valves:  Install in vertical or horizontal a minimum of three (3) pipe diameters downstream of pump outlet.

		H. Wafer Style Silent Check Valve:  Install between two (2) flanges and use full size bolts to assure center alignment.

		I. Ball Valve:  Ball valve used on gas systems shall be UL listed, CSA approved for pressure of system, no exception

		J. Valve Adjustment:  After piping systems have been tested and put into service, but before final testing, adjusting, and balancing, inspect each valve for possible leaks.  Adjust or replace packing to stop leaks, replace valve if leak persists.

		K. Valve Identification:  Tag each valve in accordance with "Mechanical Identification" section.

		L. Cleaning:  Clean factory-finished surfaces.  Repair marred or scratched surfaces with manufacturer's touch�up paint.

		M. Install so handles are readily available.  Locate valves and valve handles for appropriate maintenance access.

		N. Gasket and O Ring Material:  Valve manufacturer is responsible for submittals.  Provide gasket and O ring material best suited for the both piping systems.



		3.13 TEMPERATURE GAUGES

		A. General:  Install temperature gauges in vertical upright position, and tilted so as to be easily read by observer standing on floor without supplemental illumination.  All gages to be installed with snubbers to absorb system shock.

		B. Install in the following locations, and elsewhere as indicated:



		3.14 SLEEVE INSTALLATION

		A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.

		B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1” minimum annular clear space between piping/insulated piping and concrete slabs and walls.

		C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.

		D. Install sleeves for pipes passing through interior partitions.



		3.15 SLEEVE-SEAL-SYSTEM INSTALLATION

		A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service piping entries into building.

		B. Select type, size, and number of sealing elements required for piping material and size and for sleeve ID or hole size.  Position piping in center of sleeve.  Center piping in penetration, assemble sleeve-seal system components, and install in annular space between piping and sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand and make a watertight seal.

		C. Aboveground, Cast-in-Place Watertight Sleeves.  Select sleeve size based on pipe size and material to be inserted, and thickness of wall.

		D. Underground, Exterior-Wall, Cast-in-Place Watertight Penetrations.  Select sleeve size based on pipe size and material to be inserted, and thickness of wall.

		E. Fire-Resistance Rated, Cast-in-Place Sleeve Installation:  Select sleeve size based on size and type of pipe and thickness of the floor.  Position and secure sleeve to concrete form using nails or staples.  Place concrete, and finish even with top of sleeve.



		3.16 EXPANSION LOOPS

		A. Expansion Loops:  Fabricate expansion loops as indicated, in locations indicated, and elsewhere as determined by installer for adequate expansion of installed piping system.  Subject loop to cold spring which will absorb 50% of total expansion between hot and cold conditions.  Provide pipe anchors and pipe alignment guides as indicated, and elsewhere as determined by installer to properly anchor piping in relationship to expansion loops.

		B. Expansion Compensation for Risers and Terminals:  Install connection between piping mains and risers with at least five pipe fittings including tee in main.  Install connections between piping risers and terminal units with at least four pipe fittings including tee in riser.



		3.17 EXPANSION COMPENSATORS

		A. Install as noted on plans.  Where plans do not indicate spacing of guides or other pertinent information, install per manufacturer's recommendations.



		3.18 EXCAVATION AND BACKFILL

		A. Underground piping shall be installed in stable, open trenchwork.  Trench excavations shall be a minimum of 16 inch wide, true to line and grade.  Contractor shall exercise all due shoring and safety procedures.  No stones larger than 1 inch may be present in the trench to a minimum depth of 4 inch below the trench bottom.  The trench shall be free of job site debris, and free of corrosive media.  Pipe crown shall be not less than 36 inch below the finished ground surface for metallic pipe, and 40 inch for non-metallic pipe, unless otherwise indicated on the drawings or directed by the Architect.  Trenches shall be kept free of excess moisture, and shall be kept open for only a short a time as necessary for installation, testing and inspection.  Dispose of surplus excavation and seepage water as directed by the Architect.

		B. Piping shall be properly bedded and backfilled over stable trench bottom to a level of at least 12 inch above the pipe crown with thin layers of unwashed sand, dampened but not puddled, and free of organic or corrosive materials and excessive moisture.  Backfill shall be placed in thin layers not to exceed 6 inch and tamped by mechanical tampers to a minimum 90% Standard Proctor Density, in accordance with ASTM D-1557-58T.  Trenches shall be backfilled to a minimum depth of 36 inch prior to being wheel loaded.  Replace to their original condition all turf, plants, concrete, asphalt, or other improvements which constitute landscaping, traffic areas or other improved areas which become disturbed by excavation.  In graded and undeveloped areas, in addition to procedures specified above, backfill trenches with crown 8 inch above the surrounding surface.

		C. Excavated and backfill in soils of unstable nature shall be provided as directed by Architect.



		3.19 PIPE INSPECTIONS

		A. It is the intent of the Contract Documents that systems be inspected at completion of each phase while under tests required for administrative authorities, and prior to concealment, i.e. "Rough-in" "Top-out" and final.

		B. Inspection - Below Grade:  All piping installed below grade shall be inspected prior to burial by the Architect, the Owner's Representative or the Engineer.  Provide photographs of underground piping in Operation and Maintenance Manuals including location and depth of pipes.  Contractor must notify Architect no less than 24 working hours prior to inspection time.  Should the piping be buried without approval the contractor may be requested to uncover the piping at no delay to the project and at no additional cost to the Owner.

		C. Inspection - Above Grade:  All piping installed above grade shall be inspected upon completion and prior to finish of walls and ceilings by the Architect, the Owner's Representative or the Engineer.  Contractor must notify Architect no less than 24 working hours prior to inspection time.  Should the piping be hidden within the structure prior to inspection approval the contractor may be requested to uncover the piping at no delay to the project and at no additional cost to the Owner.



		3.20 PAINTING (SEE SECTION 230500)

		3.21 IDENTIFICATION MARKERS (SEE SECTION 230500)

		3.22 WATER ANALYSIS AND TREATMENT

		A. Upon completion of systems installation, cleaning, and filling, engage a qualified water treatment firm, acceptable to the Architect and Engineer.  The water treatment firm shall perform a chemical analysis on each system listed hereinafter, and shall submit to the Engineer a report, including the following:

		B. Contractor is to furnish and install initial treatment.

		C. For all systems except steam and condenser water, contractor is to provide for periodic testing at 6 months and 12 months after startup and shall provide all recommended treatment for full first year of system operation.  For steam and condenser water systems provide monthly testing and report.



		3.23 TESTING

		A. Provide all tests specified hereinafter and as otherwise required.  Provide all test equipment, including test pumps, gauges, instruments, and other equipment required.  Test all rotational equipment for proper direction of rotation.  Upon completion of testing, certify to the Architect, in writing, that the specified tests have been performed and that the installation complies with the specified requirements and provide a report of the test observations signed by qualified inspector.

		B. Piping:  Remove from the system, during testing, all equipment which would be damaged by test pressure.  Replace removed equipment when testing has been accomplished.  The systems may be tested in sections as the work progresses; however, any previously tested portion shall become a part of any latter test of a composite system.  Correct leaks by remaking joints with new material.

		C. Test time will be accrued only while full test pressure is on the system, unless indicated otherwise.  "Tolerance" shall be no pressure drop, except that due to temperature change in a 24�hour period.  Inspect and test all work prior to burying or concealing.  Test pressure shall be the minimum test pressure listed below or the listed test pressure below or 50 psig more than operating pressure, whichever is greater.  Do not exceed the maximum pressure rating of the piping.

		D. Valves:  Test all valve bonnets for tightness.  Test operate all valves at least once from closed-to-open-to-closed position while valve is under test pressure.  Test all automatic valves, including solenoid valves, and temperature and pressure relief valves, safety valves, and temperature and pressure relief valves not less than three (3) times.

		E. Piping Specialties:  Test all thermometers, pressure gauges, and water meters for accurate indication; automatic water feeders, and air vents for proper performance.  Test all air vent points to ensure that all air has been vented.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. Provide all labor, materials and equipment required to complete the mechanical site 
utility work of the Contract Documents.  Verify all existing utilities and exact locations 
prior to installation of new piping and provide all necessary trim and fittings for 
required connections.  All work to be furnished and installed under this Section shall 
include, but not necessarily be limited to, providing the following: 
1. Chilled water piping. 
2. Steam supply piping. 
3. Steam condensate return piping. 
4. Piping accessories. 
5. Valves and valve boxes. 
6. Expansion compensation. 
7. Thrust blocks. 
8. Excavation, trenching and backfill. 
9. Cathodic protection for buried carbon steel piping. 
10. Cleaning and testing of piping. 
11. Connection of site utility services to building piping system of buildings, to 


existing site utilities and to site utilities specified under other divisions. 


B. Provide complete design, hardware, installation, maintenance, and repair 
requirements for the direct bury piping system. 


C. A complete, underground piping system including carrier piping, pipe supports, 
insulation, air/water-tight outer protective casing, anchors, corrosion protection, 
casing drain connections, casing vent connections, and accessories to a point at 
least 6 inches inside the buildings 


D. Performance of each piping systems shall be based on heat transfer calculation for 
the longest underground path at full design capacity.  Heat transfer calculations shall 
be provided by pipe system manufacturer for each service starting with the point of 
supply where the pipe enters the underground system to the most remote location 
where the pipes transitions into a building.  Calculations shall be based on fluid flows 
at full design capacity.  Heat transfer calculations for above grade piping are not 
included in the section.  Insulation thickness shall be based on maximum allowable 
heat transfer.  Return water insulation thickness shall match supply water thickness. 
 For each system the maximum allowable temperature rise or drop shall be limited to 
the following: 
1. Chilled water supply: 2°F rise from design based on 70°F ground 


temperature. 
2. Steam supply: 5°F drop from design based on 55°F ground temperature. 


3. Steam condensate: 2°F drop from design based on 55°F ground 


temperature. 
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1.3 RELATED WORK IN OTHER SECTIONS 


A. Coordinate with site work and civil engineering design for trench excavation and 
backfill, paving and cast-in-place concrete. 


B. Section 230500: Basic HVAC Materials and Methods 


C. Section 232113: HVAC Piping, Valves and Specialties 


D. Section 230700: Mechanical Insulation 


E. Section 232123: Pumps and Hydronic Specialties 


F. Section 264200: Cathodic Protection 


1.4 TRENCHING, BACKFILLING, AND COMPACTION 


A. Provide trenching, backfilling, and compaction for the Work of this Section. 


B. Trenching, backfilling, and compaction shall comply with requirements referenced in 
Section 230500 and relevant Architectural specifications, in addition to requirements 
specified in this Section. 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data and installation 
instructions for each type of piping system, boxes and accessories. 


B. Shop Drawings:  Submit shop drawings indicating underground piping installation 
showing all fittings with inverts.  Indicate all footings and grade beams 
1. Complete descriptions and drawings of design of system and materials of 


construction including sizes, types, locations, component parts, assembly, 
carrier pipes, casing, anchors, pipe guides, pipe supports, expansion loops, 
and building wall and floor penetrations, end seals, leak plates, field 
installation instructions, design of the transition points to aboveground 
systems. 


2. Manufacturer’s data sheets on coatings, carrier pipe and insulation. 
3. Expansion Bends: 


a. Locations, sizes, types, movements. 
b. Anchor locations, design, forces and moments. 


4. Calculations approved and stamped by Professional Engineer demonstrating 
that allowable stress of piping will not be exceeded due to thermal expansion 
and that anchor forces and moments are not excessive.  Calculations shall 
be performed by a finite-element, three-dimensional analysis computer 
program. 


5. Calculations and drawings for thrust blocks. 
6. Drawings and calculations shall have professional engineer's stamp. 
7. Heat transfer calculations to validate insulation thickness per system. 
8. Type and details of the cathodic protection system including dielectric 


gaskets.  Design life calculations for cathodic protection system.  Coordinate 
with Div 26. 
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C. Maintenance Data:  Submit maintenance data and replacement material lists.  
Include this data in maintenance manual. 


D. Product Samples:  Provide one 12" long sample of each proposed type of pipe. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver products to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products against dirt, water, chemical, and mechanical damage.  
Do not install damaged components - remove from project site. 


1.7 QUALITY ASSURANCE 


A. Manufacturer Qualifications: 
1. Manufactured items furnished shall be the current, cataloged product of the 


manufacturer. 
2. Replacement parts shall be readily available and stocked in the USA. 
3. For all Grade B (ASTM A53 carbon steel piping specified below grade 


provide a mill report with production identification numbers for piping 
submitted to permit tracking of pipe by mill and production lot. 


4. The pre-engineered direct-buried systems shall conform to specification 
requirements and shall be manufactured by a company which specializes in 
these systems, and which has been in the business in excess of five years. 


5. The installation of each direct-buried systems shall performed by a 
contracting firm with documented experience in excess of five years. 


6. Manufacturers of assemblies of products, which include components made 
by others, shall assume complete responsibility for final assembled unit. 


7. Certification that system manufacturer regularly and currently manufactures 
direct-buried systems, and that the designs of the system and equipment to 
be provided for this project conform to specification requirements.  This 
certification shall be an original signed by a principal officer of the 
manufacturer. 


8. Manufacturer’s quality assurance plan for fabrication, delivery, storage, 
installation and testing of system. Certificate of Qualification from system 
manufacturer that his field representative regularly performs the specified 
duties in relation to monitoring the installation of the system, that he is 
technically qualified and experienced in the installation of the system and is 
authorized by the supplier to make and sign the daily reports specified 
herein. 


9. A proposed schedule of activities indicating when various items of work and 
tests are to be carried out and when quality control inspectors of the supplier 
will be present at the job site. 


10. A written report from the manufacturer’s representative, at the job site, 
during critical stages of material delivery and construction. 


11. Upon completion of the work, Certificate of Compliance, signed by the 
manufacturer and the contractor, certifying that the system has been 
installed in accordance with contract requirements. 


B. Codes and Standards: 
1. All work shall be in full accordance with all applicable codes, ordinances and 


code rulings. 
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2. The Contractor shall furnish without any extra charge the labor and material 
required for compliance of codes. 


3. Perform all tests required by governing authorities and as required under all 
Division 23 Sections.  Provide written reports on all tests. 


4. All excavation work must comply with all provisions of state laws including 
notification to all owners of underground utilities at least 48 business day 
hours, but not more than 10 business days, before commencing an 
excavation. 


C. Product Delivery, Storage and Handling 
1. Deliver products to the site in containers with manufacturer's stamp or label 


affixed. 
2. Protection:  Use all means necessary to protect materials before, during, and 


after installation and to protect the installed work and materials of all other 
trades. 


3. Store and protect products against dirt, water, chemical, and mechanical 
damage.  Do not install damaged components - remove from project site. 


4. The general arrangement and locations of piping are shown on the 
Drawings.  Changes may be necessary to accommodate work.  Should it be 
necessary to deviate from arrangement or location indicated in order to meet 
existing conditions or due to interference with work of other trades, such 
deviations as offsets, rises and drops in piping that may be necessary, 
whether shown or not, shall be made without extra expense.  Accuracy of 
data given herein and on the Drawings is not guaranteed.  The Drawings 
and Specifications are for assistance and guidance, and exact locations, 
distances, and elevations will be governed by actual site conditions. 


5. All work shall be in accordance with the applicable codes listed in Division 
01.  No extra charge will be paid for furnishing items required by the 
regulations but not specified herein or shown on the Drawings.  Should there 
be any direct conflict between the Drawings and/or Specifications and the 
above rules and regulations, the rules and regulations shall take 
precedence. 


6. All work shall be completely coordinated, and all lines, grades, slopes and 
vertical and horizontal locations of pipes shall be exactly determined in the 
field and cleared with the Owner's Representative before the installation of 
these items is begun.  No extra compensation shall be made for failure to 
observe this clause. 


7. The Drawings and Specifications do not undertake to list every item that will 
be installed.  When an item is necessary for the satisfactory operation of the 
system, it shall be furnished without extra cost.  Work called for in the 
Specifications, but not on the Drawings, or vice versa, shall be done as 
though required by both.  Lack of specific mention of any work necessary for 
proper completion of the work in the Specifications and/or Drawings, shall 
not lessen the Contractor's responsibility. 


8. Pipe spaces provided in the design shall be utilized and the work shall be 
kept within the spaces established on the Drawings. 


9. Manufacturers' directions shall be followed in all cases where manufacturers 
of articles used in this Contract furnish directions covering points not shown 
on the Drawings or specified herein.  Manufacturers' directions do not take 
precedence over the Drawings and Specifications.  Where manufacturers' 
directions are in conflict with the Drawings and Specifications, submit these 
conflicts to the Engineer and receive clarification before installing the work. 


10. Do not permit or cause any work to be covered or enclosed until it has been 
inspected, tested, and approved.  Should any of the work be enclosed or 
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covered before inspection and test, Contractor shall, at his/her own expense, 
uncover the work; and, after it has been inspected, tested and approved, 
make all repairs with such materials as may be required.  Restore all work to 
its original and proper condition. 


11. Be responsible for damage to any of this work before acceptance.  Securely 
cover all openings, both before and after setting into place, to prevent 
obstructions in the pipes and breakage. 


12. Repair all damage to the premises occasioned by the work.  All damage to 
any part of the premises caused by leaks or breaks in the pipe installed 
under this Section of the work for a period of one (1) year after date of final 
acceptance of the work, shall be repaired 


13. Obtain Owner's Representative's approval prior to rerouting of existing 
services.  Refer to Division 01 sections for alterations, shutdown and 
temporary construction for existing services. 


D. Qualifications of Welders:  Welders performing work under this Contract shall be 
certified and qualified in accordance with tests prescribed by the National Certified 
Welding Bureau (NCWB) or by other approved test procedures using methodology 
and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, 
"Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and 
Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power 
Piping".  Welders shall be tested and certified for all positions. 


PART 2 - PRODUCTS 


2.1 DIRECT BURIED PIPING 


A. Chilled Water Piping 
a. Carrier pipe: Pipe shall be manufactured from a high density 


polyethylene (HDPE) conforming to ASTM D3350 and D2837 with 
SDR wall thickness based on design temperature and pressure 
requirements.  Select wall thickness and diameters for minimum 
pressure drop and maximize service life based on manufacturer 
selection criteria. 


b. Fittings and joints using butt-fusion as applicable for the fitting or 
joint type.  Fusion-weld tooling, welding machines, and electrofusion 
devices shall be specified by the pipe and fittings manufacturer. 


c. Insulation: Polyurethane foam with K-factor=0.13, density=2 pcf, 
closed cell, filling space between carrier pipe and jacketing 
(minimum).  Minimum thickness shall be 1-1/2 inches, or larger as 
required to minimize heat loss in distribution system. 


d. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248 and D3350, Type III, Category 5, Class C and Grade 
P23/P34.  Minimum thickness of 100 mils. 


e. Warranty: Minimum 10 years. 
2. Plastic (Polypropylene) Pipe: Preinsulated pipe with jacket.  On-site training 


and inspection of joint closures and installation shall be provided by factory 
certified representative.  Pipe system shall be manufactured by Rovanco or 
approved equal. 
a. Carrier pipe: Pipe shall be manufactured from a PP-R resin meeting 


the short-term properties and long-term strength requirements of 
ASTM F 2389.  All pipes shall be made in a three layer extrusion 
process.  Piping shall contain a fiber layer (faser) to restrict thermal 
expansion.  All pipes shall comply with the rated pressure 
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requirements of ASTM F 2389 or CSA B137.11.  Select wall 
thickness and diameters for minimum pressure drop and maximize 
service life based on manufacturer selection criteria.  Carrier pipe 
manufactured by Aquatherm Greenpipe/Climatherm, or approved 
equal. 


b. Fittings and joints using socket-fusion, electrofusion, or butt-fusion 
as applicable for the fitting or joint type.  Fusion-weld tooling, welding 
machines, and electrofusion devices shall be specified by the pipe 
and fittings manufacturer. 


c. Insulation: Polyurethane foam with K-factor=0.13, density=2 pcf, 
closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1-1/2 inches, or larger as required to 
minimize heat loss in distribution system. 


d. Jacketing Material:  High density polyethylene (HDPE) conforming to 
ASTM D1248 and D3350, Type III, Category 5, Class C and Grade 
P23/P34.  Minimum thickness of 100 mils.  No FRP overwrap or 
sprayed jacketing will be allowed. 


e. Fittings and joint closures shall consist of polyurethane foam with PE 
cover or sleeve and pressure sensitive tape. 


f. Warranty: Minimum 10 years. 
3. Copper Pipe:  Preinsulated pipe with jacket.  Engineering by the 


manufacturer shall include a review and recommendation of piping layout, 
including expansion compensation and anchoring.  A stress analysis of the 
piping system shall be completed at the conclusion of the installation to 
incorporate any and all changes that may have occurred during the 
installation.  On-site training and inspection of joint closures and installation 
shall be provided by factory certified representative.Pipe system shall be 
manufactured by Thermacor Copper-Therm, Perma-Pipe, Rovanco or equal. 
a. Carrier pipe.  Copper ASTM B88, Type K or Type L hard drawn 


copper water tube for normal pressure. 
b. Fittings: Factory fabricated and insulated with polyurethane foam 


and one piece molded Polyethylene cover. 
c. Insulation: Polyurethane foam with K-factor=0.13, density=2 pcf, 


closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1-1/2 inches, or larger as required to 
minimize heat loss in distribution system. 


d. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils.  No FRP overwrap or 
sprayed jacketing will be allowed. 


e. Joint closures shall consist of polyurethane foam, HDPE sleeve and 
heat shrink sleeve. 


4. Fiberglass Pipe: Preinsulated pipe with jacket.  On-site training and 
inspection of joint closures and installation shall be provided by factory 
certified representative.  Pipe system shall be manufactured by Thermacor 
Fiber-Therm 250, Perma-Pipe, Rovanco, or equal. 
a. Fiberglass pipe: conforming to MIL-SPEC P28584A and P22245A.  


Minimum wall thickness 0.180 inches. Series 2000 Bondstrand, 
Smith Red Thread II filament wound fiberglass or approved equal. 


b. Fittings: Bell and spigot type joined by thermosetting epoxy resin.  
Connection to steel pipe with flanged fittings. 


c. Casing: Polyurethane insulation with jacket and heat shrink sleeves. 
d. Insulation: Polyurethane foam with K-factor=0.13, density=2 pcf, 


closed cell, filling space between carrier pipe and jacketing.  
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Minimum thickness shall be 1-1/2 inches, or larger as required to 
minimize heat loss in distribution system. 


e. Jacketing Material:  Seamless polyvinylchloride (PVC) conforming to 
ASTM 1784 or high density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 100 mils.  No FRP overwrap 
or sprayed jacketing will be allowed. 


f. Joint closures shall consist of polyurethane foam and heat shrink 
sleeve. 


5. Stainless Steel Pipe: Preinsulated pipe with jacket.  On-site training and 
inspection of joint closures and installation shall be provided by factory 
certified representative.  Pipe system shall be manufactured by Thermacor 
Ferro-Therm, Perma-Pipe, Rovanco, or equal. 
a. Carrier pipe: Stainless steel 316/316L Alloy, ASTM A312, Schedule 


40 or Schedule 80.  Elbows shall be long radius.  Normal pressure 
application: 150 lb. rating.  High pressure application: 300 lb. rating. 


b. Fittings: ASTM A403. Shall be factory preinsulated. 
c. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-


welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


d. Casing: Polyurethane insulation with jacket and heat shrink sleeves. 
e. Insulation: Polyurethane foam with K-factor=0.13, density=2 pcf, 


closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1-1/2 inches, or larger as required to 
minimize heat loss in distribution system. 


f. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


g. Joint closures shall consist of polyurethane foam and heat shrink 
sleeve. 


B. Steam Piping 
1. Carbon steel pipe:  Preinsulated Class “A” steel pipe system with fusion 


bond epoxy on outer drainable conduit with air gap and insulated jacket.  
The preinsulated piping manufacturer shall provide a pre-engineered and 
prefabricated piping system.  System shall be provided with engineered 
cathodic protection system by manufacturer.  Engineering by the 
manufacturer shall include a review and recommendation of piping layout, 
including expansion compensation and anchoring.  A stress analysis of the 
piping system shall be completed at the conclusion of the installation to 
incorporate any and all changes that may have occurred during the 
installation.  On-site training and inspection of joint closures and installation 
shall be provided by factory certified representative.  Pipe system shall be 
manufactured by Thermacor Class “A”, Perma-Pipe, Rovanco or equal. 
a. Pipe and Fitting Material: ASTM A53 Grade B, Schedule 40 or 


Schedule 80 black steel.  Elbows shall be long radius.  Normal 
pressure application: 150 lb. rating.  High pressure application: 300 
lb. rating. 


b. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-
welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


c. Conduit: 10-gauge, welded, smooth-wall black steel conforming to 
ASTM A-211, A-139, A-134, and A-135.  Conduit shall be tested at 
the factory to insure air and watertight welds prior to any fabrication. 
 Conduit closure shall be 10-gauge steel. 
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d. Carrier Pipe Insulation: Mineral wool or calcium silicate.  Minimum 
thickness 1-1/2”. 


e. Conduit Insulation: Polyurethane foam with K-factor=0.16, density=2 
pcf, closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1” or larger as required to minimize heat 
loss in distribution system. 


f. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


g. Joint closures shall consist of polyurethane foam, HDPE sleeve and 
heat shrink sleeve. 


h. Leak detection system shall consist of copper wire embedded in the 
foam of each piece of pre-insulated pipe and fittings. 


2. Carbon steel pipe:  Preinsulated steel pipe system with fusion bond epoxy on 
outer drainable conduit with air gap and insulated jacket.  The preinsulated 
piping manufacturer shall provide a pre-engineered and prefabricated piping 
system.  System shall be provided with engineered cathodic protection 
system by manufacturer.  Engineering by the manufacturer shall include a 
review and recommendation of piping layout, including expansion 
compensation and anchoring.  A stress analysis of the piping system shall 
be completed at the conclusion of the installation to incorporate any and all 
changes that may have occurred during the installation.  On-site training and 
inspection of joint closures and installation shall be provided by factory 
certified representative.  Pipe system shall be manufactured by Thermacor 
Duo-Therm 505, Perma-Pipe Multi Therm 500, or approved equal. 
a. Pipe and Fitting Material: ASTM A53 Grade B, Schedule 40 or 


Schedule 80 black steel.  Elbows shall be long radius.  Normal 
pressure application: 150 lb. rating.  High pressure application: 300 
lb. rating. 


b. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-
welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


c. Conduit: 10-gauge, welded, smooth-wall black steel conforming to 
ASTM A-211, A-139, A-134, and A-135.  Conduit shall be tested at 
the factory to insure air and watertight welds prior to any fabrication. 
 Conduit closure shall be 10-gauge steel. 


d. Carrier Pipe Insulation: Mineral wool or calcium silicate.  Minimum 
thickness 1-1/2”. 


e. Conduit Insulation: Polyurethane foam with K-factor=0.16, density=2 
pcf, closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1” or larger as required to minimize heat 
loss in distribution system. 


f. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


g. Joint closures shall consist of polyurethane foam, HDPE sleeve and 
heat shrink sleeve. 


h. Leak detection system shall consist of copper wire embedded in the 
foam of each piece of pre-insulated pipe and fittings. 


3. Carbon steel pipe (Maximum 150 psig, 366°F):  Preinsulated pipe with jacket 


and internal water stops.  The preinsulated piping manufacturer shall provide 
a pre-engineered and prefabricated piping system.  Engineering by the 
manufacturer shall include a review and recommendation of piping layout, 
including expansion compensation and anchoring.  A stress analysis of the 
piping system shall be completed at the conclusion of the installation to 
incorporate any and all changes that may have occurred during the 
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installation.  On-site training and inspection of joint closures and installation 
shall be provided by factory certified representative.Pipe system shall be 
Thermacor HT-406 or approved equal. 
a. Pipe and Fitting Material: ASTM A53 Grade B, Schedule 40 or 


Schedule 80 black steel.  Elbows shall be long radius.  Normal 
pressure application: 150 lb. rating.  High pressure application: 300 
lb. rating. 


b. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-
welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


c. Insulation: Polyisocyanurate foam with K-factor=0.17, density=2.4 
pcf, closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1-1/2 inch, or larger as required to 
minimize heat loss in distribution system. 


d. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


e. Joint closures shall consist of polyurethane foam and heat shrink 
sleeve. 


f. Leak detection system shall consist of copper wire embedded in the 
foam of each piece of pre-insulated pipe and fittings. 


C. Steam Condensate Pressure Piping (maximum 50 psig, 210°F) 


1. Carbon steel pipe:  Preinsulated pipe in drainable conduit with air gap and 
insulated jacket.  The preinsulated piping manufacturer shall provide a pre-
engineered and prefabricated piping system.  Engineering by the 
manufacturer shall include a review and recommendation of piping layout, 
including expansion compensation and anchoring.  A stress analysis of the 
piping system shall be completed at the conclusion of the installation to 
incorporate any and all changes that may have occurred during the 
installation.  On-site training and inspection of joint closures and installation 
shall be provided by factory certified representative.  Pipe system shall be 
manufactured by Thermacor Duo-Therm 505, Perma-Pipe Multi Therm 500, 
or equal. 
a. Pipe and Fitting Material: ASTM A53 Grade B, Schedule 40 or 


Schedule 80 black steel.  Elbows shall be long radius.  Normal 
pressure application: 150 lb. rating.  High pressure application: 300 
lb. rating. 


b. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-
welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


c. Conduit:  10-gauge, welded, smooth-wall black steel conforming to 
ASTM A-211, A-139, A-134, and A-135.  Conduit shall be tested at 
the factory to insure air and watertight welds prior to any fabrication. 
 Conduit closure shall be 10-gauge steel. 


d. Carrier Pipe Insulation: Mineral wool or calcium silicate.  Minimum 
thickness 1-1/2”. 


e. Conduit Insulation: Polyurethane foam with K-factor=0.16, density=2 
pcf, closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1” or larger as required to minimize heat 
loss in distribution system. 


f. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


g. Joint closures shall consist of polyurethane foam and heat shrink 
sleeve. 
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h. Leak detection system shall consist of copper wire embedded in the 
foam of each piece of pre-insulated pipe and fittings. 


2. Carbon steel pipe:  Preinsulated pipe with jacket with internal water stops.  
The preinsulated piping manufacturer shall provide a pre-engineered and 
prefabricated piping system.  Engineering by the manufacturer shall include 
a review and recommendation of piping layout, including expansion 
compensation and anchoring.  A stress analysis of the piping system shall 
be completed at the conclusion of the installation to incorporate any and all 
changes that may have occurred during the installation.  On-site training and 
inspection of joint closures and installation shall be provided by factory 
certified representative.Pipe system shall be Thermacor HT-406 or approved 
equal. 
a. Pipe and Fitting Material: ASTM A53 Grade B, Schedule 40 or 


Schedule 80 black steel.  Elbows shall be long radius.  Normal 
pressure application: 150 lb. rating.  High pressure application: 300 
lb. rating. 


b. Joints: Butt-weld for sizes 2-1/2” and larger.  Socket-welded or butt-
welded for 2” and smaller.  Comply with Power Piping Code 
ASME/ANSI B31.1. 


c. Insulation: Polyisocyanurate foam with K-factor=0.17, density=2.4 
pcf, closed cell, filling space between carrier pipe and jacketing.  
Minimum thickness shall be 1-1/2 inch, or larger as required to 
minimize heat loss in distribution system. 


d. Jacketing Material: High density polyethylene (HDPE) conforming to 
ASTM D1248.  Minimum thickness of 80 mils. 


e. Joint closures shall consist of polyisocyanurate foam and heat shrink 
sleeve. 


f. Leak detection system shall consist of copper wire embedded in the 
foam of each piece of pre-insulated pipe and fittings. 


2.2 VALVES 


A. Refer to Section 230500 for valves. 


B. All valves shall be designed for Class 150 pipe systems, and shall open by turning 
the stem counterclockwise. 


C. Buried Butterfly Valves:  Valves shall be mechanical joint, rubber-seated butterfly 
valves conforming to AWWA Standard C504 Class 150B.  Buried valves shall be 
equipped with a 2” square operating nut and shall be Henry Pratt Co. "Groundhog,” 
BIF "Model 56,” ITT Grinnell, or equal.  Buried valves shall be bituminous coated and 
shall be provided with an extension stem equipped with a 2” square operating nut.  
Extension stem shall extend to within 18” of top of valve box. 


2.3 TAPPING SLEEVE AND TAPPING VALVE 


A. Cast iron mechanical joint type sleeve, sized specifically for actual O.D. and piping 
material, Koppel, Mueller, or Clow. 


2.4 VALVE BOXES 


A. Cast iron valve boxes for shutoff valves buried in ground shall be complete with bell 
bottoms, extension piece, top and cover.  Boxes shall be suitable for the types of 
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valves with which they are used.  All valve boxes shall have a concrete collar flush 
with grade. 


B. Lids shall have the applicable letters embossed upon the top surface.  Tagging shall 
match existing lids. 


C. Manufacturer:  Tyler, ITT Grinnell, Mueller or Kennedy. 


2.5 PIPE LOCATING WIRE AND MARKER 


A. Pipe Locating Wire: Bare AWG No. 10, soft drawn, single strand copper wire. 


B. Provide at least six mil PVC electrical tape insulation around wire where adjacent to 
metal pipe, valves, and in all valve boxes. 


C. Pipe marker shall be internal with locating wire color coded for use with different 
utility pipe systems, and marked with the utility tape every 24 inches. Provide 4 mil 
thick, 4"inch wide polyethylene marker. 


2.6 THRUST BLOCKS 


A. Provide 2,000 psi concrete thrust blocks at changes in pipe direction, changes in 
pipe sizes, dead-end stops and at valves. 


B. Calculate area of undisturbed earth of thrust block based on 2000 psi soil and 150 
psi water test pressure. 


C. Concrete and reinforcing steel shall be as specified in Divisions 03 and 05.  All 
concrete shall be Class A, unless specified otherwise. 


D. Miscellaneous nuts and bolts shall be stainless steel. 


2.7 ANCHORS 


A. Pre-fabricated anchors shall be furnished and installed in pipe systems as required 
by piping system manufacturer.  Anchors shall consist of steel pipe welded to pipe 
and conduit.  The steel anchor plate shall be 1/2” thick and extend a minimum of 1-
1/2” beyond the outside jacket. 


2.8 RODS AND CLAMPS 


A. Socket clamps shall be stainless steel, four bolt type, equipped with stainless steel 
socket clamp washers and nuts.  Anvil Fig. 595 and 594, B-Line B3134, or equal. 


B. Rods shall be stainless steel. 


2.9 MECHANICAL SLEEVE SEALS 


A. General: Modular mechanical type, consisting of interlocking synthetic rubber links 
shaped to continuously fill annular space between pipe and sleeve, connected with 
bolts and pressure plates which cause rubber sealing elements to expand when 
tightened, providing watertight seal and electrical insulation. 
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B. Sleeve: To be furnished by same manufacturer of seals; schedule 40 galvanized 
steel pipe or Century line sleeves, with integral anchor and waterstop collar. 


C. Manufacturer: Thunderline Link Seal, Metraflex Metraseal, or equal. 


2.10 TEST CONNECTIONS 


A. Saddles shall be of malleable or ductile iron, with neoprene gasket and ¾" N.P.T. 
female pipe connection, Smith Blair No. 311, Rockwell International No. 331. 


B. Valves shall be 3/4” - 300# bronze globe with composition disc.  NOTE:  When all 
tests have been completed, valve and pipe nipple shall be removed from the saddle 
and a forged steel pipe plug shall be inserted. 


PART 3 - EXECUTION 


3.1 GENERAL INSTALLATION 


A. Have on hand all installation manuals, brochures, and procedures for the equipment 
and materials concerned. 
1. Follow manufacturer's instructions, where such are provided, in all cases 


that cover points not shown on the Drawings or specified herein. 
2. Manufacturer's instructions do not take precedence over the Drawings and 


Specifications. 
3. Where manufacturer's instructions are in conflict with the Drawings and 


Specifications; submit the conflicting instructions to the Owner's 
Representative for clarification before performing the work. 


4. Use fittings to make all changes in direction and size unless otherwise 
shown on the Drawings. 


5. Maintain factory plastic end covers on the pipe during storage.  Caps shall 
be removed upon installation of pipe to insure cleanliness. 


6. Manufacturer piping drawings for expansion and contraction. 


B. Representative of System Manufacturer: This shall be a person who regularly 
performs the duties listed below, is certified in writing by the system manufacturer to 
be technically qualified and experienced in the installation of the system, and shall be 
authorized by the manufacturer to make and sign the daily reports specified herein.  
The representative shall be responsible for training and supervision of the installing 
workers.  This is to include the following services and/or training. 
1. Inspection of material delivered to site. 
2. Inspection of concrete anchors. 
3. Field joint closure work. 
4. Repair of any coatings. 
5. Holiday test of steel piping systems. 
6. Installation and testing of cathodic protection systems.  Coordinate with Div 


26 installer and Section 264200 Cathodic Protection. 
7. The slope of the system.  Elevation readings shall be witnessed and 


recorded. 


C. Protect casing coating from damage during rigging, storage and installation. Protect 
casing and carrier pipe ends from water intrusion during rigging and installation. 
Protect casing coatings from ultraviolet light (sunlight). 
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D. Defective Material: The Representative shall take prompt action to return to the 
factory damaged or defective material and shall order prompt replacement of such 
material. 


E. Cleaning of Piping: Remove dirt, scale, and other foreign matter from inside the 
piping by use of a pipe swab or pipe “pig” before connecting pipe sections. 


F. Wet Insulation: Sections of system, which have been fully or partially submerged in 
water, must be replaced. Moisture content of insulation shall not exceed five percent 
by weight. 


G. Vents and Drains at Ends of System: At each casing termination (end plate) in 
building, plug the casing drain openings with brass plugs and extend one inch pipe 
size vent pipes from the casing vents to one foot above the conduit in buildings. 


3.2 CATHODIC PROTECTION OF METAL PIPE 


A. Cathodic Protection: Provide cathodic protection for steel piping/casing systems and 
buried exposed metal.  Assume that 25 percent of the exterior of the steel casing is 
exposed metal. Cathodic protection systems shall have a minimum design life of 25 
years and shall be designed in accordance with recommendations of NACE SP0169 
(latest edition).  Provide all anodes, wiring, dielectric pipe flange kits, and any 
additional required isolation devices, at points necessary within vaults or at building 
terminations.  Provide test stations at grade on each section of the piping system.  
Isolation flanges and unions shall be rated for the carrier pipe service temperature 
and pressure.  Coordinate with Section 264200 Cathodic Protection. 


3.33.2 MECHANICAL SLEEVE SEALS 


A. Install mechanical link seal(s) where piping penetrates an exterior walls or floors.  
Loosely assemble rubber links around pipe with bolts and pressure plates located 
under each bolt head and nut.  Push into sleeve and center.  Tighten bolts until links 
have expanded to form a watertight seal. 


3.43.3 TRENCH, EXCAVATION AND BACKFILL 


A. Conform to requirements of Division 02. 


B. Install all utilities with a minimum 36” cover over the crown of the pipe. 


C. Provide all necessary shoring, sheeting, pumping as part of work of this division. 


D. Dig trenches straight, true to line and grade with bottoms smoothed of any rock 
points.  Excavate 3” below grade of pipe, fittings, hubs, couplings, etc., using 
templates to fit outside periphery of lower third of piping. 


E. Excavations for trench may be by machine or by hand with special care used around 
buried utilities and trees shown on Contract Drawings. 


F. All excavations shall be carefully done to avoid "over-digging" and backfilling the 
bottom of trench before pipe is installed in the trench. 


G. Before placement of pipe, a sand bed shall be prepared in the following manner: 
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1. Trench shall be backfilled with sand to a minimum depth of 6”. 
2. Sand shall be compacted sufficiently to prevent settlement of pipe. 
3. Loose sand shall be removed at mechanical joints so that the barrel of the 


pipe will be firmly supported on compacted sand. 


H. Trench width and special instructions necessary to correctly install pipe and fittings 
shall be as recommended by the pipe manufacturer. 


I. Special preparation shall be taken to keep the inside of the piping clean of all debris, 
especially sand and dirt, during installation and testing.  Maintain factory covers on 
open ends of pipe until lowered into trench. 


J. After testing and acceptance, the trench shall be backfilled with native backfill for the 
first 10” depth, then wetted and hand tamped, refilled with the native backfill to 
approximately 12” over top of pipe, wetted again and hand tamped firm.  Mechanical 
tamping of rock-free soil shall be carefully done to achieve a minimum of 90% 
compaction at depth of 12” and below, and to 95% for top 12” depth. 


K. Provide precast monument set flush with surface in paved area to locate branch 
connection. 


3.53.4 CONCRETE 


A. Conform to requirements of Division 03. 


B. Install thrust blocks and anchors as per pipe manufacturer's recommendations. 


C. Provide concrete thrust blocks for piping.  Concrete thrust blocks shall be poured 
and set before pressure testing. 


D. Concrete thrust blocks shall be installed at all fittings and at all changes of direction 
whether shown on drawing or not. 


E. Thrust blocks shall be formed on the sides to establish a definite shape and limit on 
height and width subject to approval before ordering concrete.  Make-shift and ill-
fitting forms will not be accepted.  Forms shall be removed before backfilling. 


F. Thrust blocks shall be allowed to cure a minimum of 3 days before water pressure is 
applied to any part of the system and before forms are removed. 


3.63.5 WELDED PIPING 


A. Conform to welding procedures per recommendations of American Welding Society. 


3.73.6 UNDERGROUND PIPING INSTALLATION 


A. Lay piping on a bed of the specified sand, at least 6” thick, or firm undisturbed earth. 
 Remove loose rock, clods, and debris from the trench before placing bedding sand, 
and before laying any pipe. 
1. The pipe shall be made up with the pipe barrel bearing evenly along its full 


length on the sand bed on the bottom of the trench. 
2. In the case of steel or other rigid joint piping, excavate holes under joints and 


connections for access for making up, welding, testing, and wrapping joints. 







SAN DIEGO STATE UNIVERSITY SECTION 232114 
EIS COMPLEX UNDERGROUDN PIPING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 232114 - 15 McParlane & Associates, Inc. 


B. Thoroughly cleanout each section of pipe and fitting before lowering into the trench.  
Clean each pipe or fitting by swabbing-out, brushing-out, blowing-out with 
compressed air, washing-out with water, or by any combination of these methods 
necessary to remove all foreign matter. 


C. If cleaned pipe sections and fittings cannot be placed in the trench without getting dirt 
into the open ends, tie tightly woven canvas or other type of approved cover over the 
ends of the pipes and fittings until they have been lowered into position in the trench. 
 After removal of the covers in the trench, completely remove foreign matter from the 
pipe ends and fittings. 


D. Do not lower any pipe or fitting into a trench that contains water. 
1. Pump water from wet trenches, and keep the trenches dry until the joints 


have been completed and the open ends of the pipes have been closed with 
watertight plugs or bulkheads. 


2. Whenever pipe installation is discontinued on any job for short periods or 
whenever work is stopped at the end of the day, close the open ends of the 
pipe with watertight plugs or bulkheads.  Do not remove the plug or bulkhead 
unless the trench is dry. 


3. Keep the trench dry at all times. 


E. Assemble lengths of pipe such that centerline of two pipes being joined do not form 
an angle exceeding 2 degrees in any plane.  In addition, the angle formed in the 
vertical plane shall not exceed 1-1/2 degrees. 


3.83.7 SLOPING, AIR VENTING, AND DRAINING: 


A. Chilled water: 
1. Slope all piping mains to allow for drainage at low points.  Slope shall not 


exceed 1%.  Provide drain valves and hose adapters at all low points in 
piping inside the building or exterior concrete vaults. 


2. Connect all water branch piping to the top or side of their respective mains.  
All branch piping shall slope upwards towards the building riser at a 
maximum slope not exceeding 1%. 


3. Provide manual or automatic vents at all high points in water piping as 
specified elsewhere in the specifications. 


B. Steam: 
1. Slope steam piping as specified and as indicated, true to line and grade, and 


free of traps and air pockets downward a minimum of 1”per 40 feet of run in 
the direction of flow and maximum 1% slope.   


2. Where horizontal piping must be reduced in size, use eccentric reducers that 
allow continuing a uniform pitch along the bottom of the piping (in downward 
pitched systems).  Avoid concentric reducers in horizontal piping to avoid 
potential water hammer. 


3. Takeoffs from steam mains are to be taken from the top of the main 
preferably at a 45 degree angle.  


4. Where branch takeoffs are less than 10 feet in length, the branch line is to 
be pitched back 1/2 inch per 10 feet providing drip legs. 
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3.93.8 LOCATING WIRE AND MARKER TAPE 


A. Pipe locating wire shall be provided for the entire length of all pressure pipelines 
except for metallic piping. 


B. Install locating wire by strapping to the pipe or tubing with PVC tape, polyethylene 
backed tape, or tie locks. Test pipe locating wire with pipe locator equipment prior to 
final acceptance of pipeline. 


C. Stub the locating wire up inside each valve box. Sufficient excess length shall be 
provided at terminal connections to allow continuation of locating wire to the terminal 
connection. 


D. Wire splices shall be made with compression fittings or soldering; wrapped with Tac-
Tape, Aqua-Seal; and wrapped with electrical tape. Prevent bare copper wire from 
contacting metallic appurtenances including, but not limited to, pipe, buried valves, or 
fittings. 


3.103.9 CONNECTIONS TO EXISTING UTILITY MAINS 


A. Install tapping sleeve and tapping valve with flanged designed outlet for existing pipe 
connection.  Follow manufacturer's installation recommendations.  The use of pipe 
freezing technology may be utilized for hot tapping existing line with prior Owner 
approval. 


B. Under no circumstances shall existing lines or utilities be interrupted without prior 
approval of the Owner's Representative.  Submit the request for this approval to the 
Owner's Representative in accordance with Division 01, and also state the maximum 
duration of shutdown. 


C. Schedule all outages for utility tie-in work well in advance, and give written notice to 
the Owner's Representative in accordance with Division 01. 


D. In preparation for tie-ins to existing on-site utility systems, the Owner will drain and/or 
blow the existing piping prior to start of tie-in work by the Contractor.  In all cases, the 
Owner will close the appropriate valves to isolate the area of work.  The Contractor 
shall be responsible for refilling the system including all approved chemical 
treatment.  The Contractor shall be responsible for venting the isolated portion of the 
existing chilled water mains affected by the work of this project. 


3.113.10 FLUSHING 


A. The entire new piping system shall be thoroughly flushed out until reasonably clean 
in the opinion of the Owner's Representative. 


B. All tests shall be conducted at such times as directed by and in the presence of the 
Owner's Representative. 


3.123.11 PIPE TESTING 


A. Chilled water, condenser water, heating water, steam and condensate piping shall be 
hydrostatically tested to prove watertight prior to backfilling.  Provide all instruments, 
facilities, and labor to conduct testing and placing in operation.  In addition, piping 
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systems with integral airtight external casings shall have the casing air tested to 15 
psig with no leaks for two hours. 


B. Piping shall be tested in whole or in sections.  Testing under this section of the work 
shall be done before final connections to building piping and existing utility piping is 
made, with the provision that subsequent leaks, if developed, at these conditions 
shall be corrected under this section of the work. 


C. Any part of any piping system, including all accessories, that shows failure during 
testing shall immediately be repaired or replaced with new materials.  The system 
shall be completely retested after repair or replacement.  This procedure shall be 
repeated, if necessary, until all parts of all systems withstand the specified tests.  All 
retesting costs shall be part of the Contract. 


D. Holiday testing of direct-buried steel piping and casing systems: Test entire surface 
of piping and casings for faults in coating, after installation in trench, and prior to 
backfilling.  Use test method and voltage recommended by coating manufacturer.  
Repair any holidays found and retest.  System shall not be backfilled until holidays 
are eliminated. 


E. Pressure tests shall be witnessed by the Owner's Representative.  Provide minimum 
48 hour notice prior to start to each test.  Test time will be accrued only while full test 
pressure is on the system, unless indicated otherwise.  "Tolerance" shall be no 
pressure drop, except that due to temperature change.  Inspect and test all work 
prior to burying or concealing.  Test pressure shall be one and one-half times (1.5x) 
the system operating pressure or the listed test pressure below, whichever is greater. 
 Do not exceed the maximum pressure rating of the piping. 


 


SYSTEM TEST MEDIUM TEST PRESSURE TOLERANCE – TEST 
PERIOD 


Chilled Water Water 100 psig None - 8 hours 


Steam Air 200 psig None – 8 hours 


Condensate Water 150 psig None – 8 hours 


3.133.12 CLOSING OF UNINSPECTED WORK 


A. No work shall be covered up or enclosed until the opportunity to inspect and test 
same has been afforded to the Owner's Representative and the Owner's 
Representative has authorized the Contractor to cover or enclose the work. 


B. Any work enclosed or covered in the absence of the Owner's Representative's 
authorization shall be uncovered.  All expense to comply shall be borne by the 
Contractor. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this Section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. Provide all labor, materials and equipment required to complete the mechanical site utility work of the Contract Documents.  Verify all existing utilities and exact locations prior to installation of new piping and provide all necessary trim and fittings for required connections.  All work to be furnished and installed under this Section shall include, but not necessarily be limited to, providing the following:

		B. Provide complete design, hardware, installation, maintenance, and repair requirements for the direct bury piping system.

		C. A complete, underground piping system including carrier piping, pipe supports, insulation, air/water-tight outer protective casing, anchors, corrosion protection, casing drain connections, casing vent connections, and accessories to a point at least 6 inches inside the buildings

		D. Performance of each piping systems shall be based on heat transfer calculation for the longest underground path at full design capacity.  Heat transfer calculations shall be provided by pipe system manufacturer for each service starting with the point of supply where the pipe enters the underground system to the most remote location where the pipes transitions into a building.  Calculations shall be based on fluid flows at full design capacity.  Heat transfer calculations for above grade piping are not included in the section.  Insulation thickness shall be based on maximum allowable heat transfer.  Return water insulation thickness shall match supply water thickness.  For each system the maximum allowable temperature rise or drop shall be limited to the following:



		1.3 RELATED WORK IN OTHER SECTIONS

		A. Coordinate with site work and civil engineering design for trench excavation and backfill, paving and cast-in-place concrete.

		B. Section 230500: Basic HVAC Materials and Methods

		C. Section 232113: HVAC Piping, Valves and Specialties

		D. Section 230700: Mechanical Insulation

		E. Section 232123: Pumps and Hydronic Specialties

		F. Section 264200: Cathodic Protection



		1.4 TRENCHING, BACKFILLING, AND COMPACTION

		A. Provide trenching, backfilling, and compaction for the Work of this Section.

		B. Trenching, backfilling, and compaction shall comply with requirements referenced in Section 230500 and relevant Architectural specifications, in addition to requirements specified in this Section.



		1.5 SUBMITTALS

		A. Product Data:  Submit manufacturer's technical product data and installation instructions for each type of piping system, boxes and accessories.

		B. Shop Drawings:  Submit shop drawings indicating underground piping installation showing all fittings with inverts.  Indicate all footings and grade beams

		C. Maintenance Data:  Submit maintenance data and replacement material lists.  Include this data in maintenance manual.

		D. Product Samples:  Provide one 12" long sample of each proposed type of pipe.



		1.6 DELIVERY, STORAGE, AND HANDLING

		A. Deliver products to the site in containers with manufacturer's stamp or label affixed.

		B. Store and protect products against dirt, water, chemical, and mechanical damage.  Do not install damaged components - remove from project site.



		1.7 QUALITY ASSURANCE

		A. Manufacturer Qualifications:

		B. Codes and Standards:

		C. Product Delivery, Storage and Handling

		D. Qualifications of Welders:  Welders performing work under this Contract shall be certified and qualified in accordance with tests prescribed by the National Certified Welding Bureau (NCWB) or by other approved test procedures using methodology and procedures covered in the ASME Boiler and Pressure Vessel Code, Section IX, "Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators".  Installation shall conform to ANSI 31.1 "Power Piping".  Welders shall be tested and certified for all positions.





		PART 2 - PRODUCTS

		2.1 DIRECT BURIED PIPING

		A. Chilled Water Piping

		B. Steam Piping

		C. Steam Condensate Pressure Piping (maximum 50 psig, 210°F)



		2.2 VALVES

		A. Refer to Section 230500 for valves.

		B. All valves shall be designed for Class 150 pipe systems, and shall open by turning the stem counterclockwise.

		C. Buried Butterfly Valves:  Valves shall be mechanical joint, rubber-seated butterfly valves conforming to AWWA Standard C504 Class 150B.  Buried valves shall be equipped with a 2” square operating nut and shall be Henry Pratt Co. "Groundhog,” BIF "Model 56,” ITT Grinnell, or equal.  Buried valves shall be bituminous coated and shall be provided with an extension stem equipped with a 2” square operating nut.  Extension stem shall extend to within 18” of top of valve box.



		2.3 TAPPING SLEEVE AND TAPPING VALVE

		A. Cast iron mechanical joint type sleeve, sized specifically for actual O.D. and piping material, Koppel, Mueller, or Clow.



		2.4 VALVE BOXES

		A. Cast iron valve boxes for shutoff valves buried in ground shall be complete with bell bottoms, extension piece, top and cover.  Boxes shall be suitable for the types of valves with which they are used.  All valve boxes shall have a concrete collar flush with grade.

		B. Lids shall have the applicable letters embossed upon the top surface.  Tagging shall match existing lids.

		C. Manufacturer:  Tyler, ITT Grinnell, Mueller or Kennedy.



		2.5 PIPE LOCATING WIRE AND MARKER

		A. Pipe Locating Wire: Bare AWG No. 10, soft drawn, single strand copper wire.

		B. Provide at least six mil PVC electrical tape insulation around wire where adjacent to metal pipe, valves, and in all valve boxes.

		C. Pipe marker shall be internal with locating wire color coded for use with different utility pipe systems, and marked with the utility tape every 24 inches. Provide 4 mil thick, 4"inch wide polyethylene marker.



		2.6 THRUST BLOCKS

		A. Provide 2,000 psi concrete thrust blocks at changes in pipe direction, changes in pipe sizes, dead-end stops and at valves.

		B. Calculate area of undisturbed earth of thrust block based on 2000 psi soil and 150 psi water test pressure.

		C. Concrete and reinforcing steel shall be as specified in Divisions 03 and 05.  All concrete shall be Class A, unless specified otherwise.

		D. Miscellaneous nuts and bolts shall be stainless steel.



		2.7 ANCHORS

		A. Pre-fabricated anchors shall be furnished and installed in pipe systems as required by piping system manufacturer.  Anchors shall consist of steel pipe welded to pipe and conduit.  The steel anchor plate shall be 1/2” thick and extend a minimum of 1-1/2” beyond the outside jacket.



		2.8 RODS AND CLAMPS

		A. Socket clamps shall be stainless steel, four bolt type, equipped with stainless steel socket clamp washers and nuts.  Anvil Fig. 595 and 594, B-Line B3134, or equal.

		B. Rods shall be stainless steel.



		2.9 MECHANICAL SLEEVE SEALS

		A. General: Modular mechanical type, consisting of interlocking synthetic rubber links shaped to continuously fill annular space between pipe and sleeve, connected with bolts and pressure plates which cause rubber sealing elements to expand when tightened, providing watertight seal and electrical insulation.

		B. Sleeve: To be furnished by same manufacturer of seals; schedule 40 galvanized steel pipe or Century line sleeves, with integral anchor and waterstop collar.

		C. Manufacturer: Thunderline Link Seal, Metraflex Metraseal, or equal.



		2.10 TEST CONNECTIONS

		A. Saddles shall be of malleable or ductile iron, with neoprene gasket and ¾" N.P.T. female pipe connection, Smith Blair No. 311, Rockwell International No. 331.

		B. Valves shall be 3/4” - 300# bronze globe with composition disc.  NOTE:  When all tests have been completed, valve and pipe nipple shall be removed from the saddle and a forged steel pipe plug shall be inserted.





		PART 3 - EXECUTION

		3.1 GENERAL INSTALLATION

		A. Have on hand all installation manuals, brochures, and procedures for the equipment and materials concerned.

		B. Representative of System Manufacturer: This shall be a person who regularly performs the duties listed below, is certified in writing by the system manufacturer to be technically qualified and experienced in the installation of the system, and shall be authorized by the manufacturer to make and sign the daily reports specified herein.  The representative shall be responsible for training and supervision of the installing workers.  This is to include the following services and/or training.

		C. Protect casing coating from damage during rigging, storage and installation. Protect casing and carrier pipe ends from water intrusion during rigging and installation. Protect casing coatings from ultraviolet light (sunlight).

		D. Defective Material: The Representative shall take prompt action to return to the factory damaged or defective material and shall order prompt replacement of such material.

		E. Cleaning of Piping: Remove dirt, scale, and other foreign matter from inside the piping by use of a pipe swab or pipe “pig” before connecting pipe sections.

		F. Wet Insulation: Sections of system, which have been fully or partially submerged in water, must be replaced. Moisture content of insulation shall not exceed five percent by weight.

		G. Vents and Drains at Ends of System: At each casing termination (end plate) in building, plug the casing drain openings with brass plugs and extend one inch pipe size vent pipes from the casing vents to one foot above the conduit in buildings.



		1.1 CATHODIC PROTECTION OF METAL PIPE

		A. Cathodic Protection: Provide cathodic protection for steel piping/casing systems and buried exposed metal.  Assume that 25 percent of the exterior of the steel casing is exposed metal. Cathodic protection systems shall have a minimum design life of 25 years and shall be designed in accordance with recommendations of NACE SP0169 (latest edition).  Provide all anodes, wiring, dielectric pipe flange kits, and any additional required isolation devices, at points necessary within vaults or at building terminations.  Provide test stations at grade on each section of the piping system.  Isolation flanges and unions shall be rated for the carrier pipe service temperature and pressure.  Coordinate with Section 264200 Cathodic Protection.



		3.2 MECHANICAL SLEEVE SEALS

		A. Install mechanical link seal(s) where piping penetrates an exterior walls or floors.  Loosely assemble rubber links around pipe with bolts and pressure plates located under each bolt head and nut.  Push into sleeve and center.  Tighten bolts until links have expanded to form a watertight seal.



		3.3 TRENCH, EXCAVATION AND BACKFILL

		A. Conform to requirements of Division 02.

		B. Install all utilities with a minimum 36” cover over the crown of the pipe.

		C. Provide all necessary shoring, sheeting, pumping as part of work of this division.

		D. Dig trenches straight, true to line and grade with bottoms smoothed of any rock points.  Excavate 3” below grade of pipe, fittings, hubs, couplings, etc., using templates to fit outside periphery of lower third of piping.

		E. Excavations for trench may be by machine or by hand with special care used around buried utilities and trees shown on Contract Drawings.

		F. All excavations shall be carefully done to avoid "over-digging" and backfilling the bottom of trench before pipe is installed in the trench.

		G. Before placement of pipe, a sand bed shall be prepared in the following manner:

		H. Trench width and special instructions necessary to correctly install pipe and fittings shall be as recommended by the pipe manufacturer.

		I. Special preparation shall be taken to keep the inside of the piping clean of all debris, especially sand and dirt, during installation and testing.  Maintain factory covers on open ends of pipe until lowered into trench.

		J. After testing and acceptance, the trench shall be backfilled with native backfill for the first 10” depth, then wetted and hand tamped, refilled with the native backfill to approximately 12” over top of pipe, wetted again and hand tamped firm.  Mechanical tamping of rock-free soil shall be carefully done to achieve a minimum of 90% compaction at depth of 12” and below, and to 95% for top 12” depth.

		K. Provide precast monument set flush with surface in paved area to locate branch connection.



		3.4 CONCRETE

		A. Conform to requirements of Division 03.

		B. Install thrust blocks and anchors as per pipe manufacturer's recommendations.

		C. Provide concrete thrust blocks for piping.  Concrete thrust blocks shall be poured and set before pressure testing.

		D. Concrete thrust blocks shall be installed at all fittings and at all changes of direction whether shown on drawing or not.

		E. Thrust blocks shall be formed on the sides to establish a definite shape and limit on height and width subject to approval before ordering concrete.  Make-shift and ill-fitting forms will not be accepted.  Forms shall be removed before backfilling.

		F. Thrust blocks shall be allowed to cure a minimum of 3 days before water pressure is applied to any part of the system and before forms are removed.



		3.5 WELDED PIPING

		A. Conform to welding procedures per recommendations of American Welding Society.



		3.6 UNDERGROUND PIPING INSTALLATION

		A. Lay piping on a bed of the specified sand, at least 6” thick, or firm undisturbed earth.  Remove loose rock, clods, and debris from the trench before placing bedding sand, and before laying any pipe.

		B. Thoroughly cleanout each section of pipe and fitting before lowering into the trench.  Clean each pipe or fitting by swabbing-out, brushing-out, blowing-out with compressed air, washing-out with water, or by any combination of these methods necessary to remove all foreign matter.

		C. If cleaned pipe sections and fittings cannot be placed in the trench without getting dirt into the open ends, tie tightly woven canvas or other type of approved cover over the ends of the pipes and fittings until they have been lowered into position in the trench.  After removal of the covers in the trench, completely remove foreign matter from the pipe ends and fittings.

		D. Do not lower any pipe or fitting into a trench that contains water.

		E. Assemble lengths of pipe such that centerline of two pipes being joined do not form an angle exceeding 2 degrees in any plane.  In addition, the angle formed in the vertical plane shall not exceed 1-1/2 degrees.



		3.7 SLOPING, AIR VENTING, AND DRAINING:

		A. Chilled water:

		B. Steam:



		3.8 LOCATING WIRE AND MARKER TAPE

		A. Pipe locating wire shall be provided for the entire length of all pressure pipelines except for metallic piping.

		B. Install locating wire by strapping to the pipe or tubing with PVC tape, polyethylene backed tape, or tie locks. Test pipe locating wire with pipe locator equipment prior to final acceptance of pipeline.

		C. Stub the locating wire up inside each valve box. Sufficient excess length shall be provided at terminal connections to allow continuation of locating wire to the terminal connection.

		D. Wire splices shall be made with compression fittings or soldering; wrapped with Tac-Tape, Aqua-Seal; and wrapped with electrical tape. Prevent bare copper wire from contacting metallic appurtenances including, but not limited to, pipe, buried valves, or fittings.



		3.9 CONNECTIONS TO EXISTING UTILITY MAINS

		A. Install tapping sleeve and tapping valve with flanged designed outlet for existing pipe connection.  Follow manufacturer's installation recommendations.  The use of pipe freezing technology may be utilized for hot tapping existing line with prior Owner approval.

		B. Under no circumstances shall existing lines or utilities be interrupted without prior approval of the Owner's Representative.  Submit the request for this approval to the Owner's Representative in accordance with Division 01, and also state the maximum duration of shutdown.

		C. Schedule all outages for utility tie-in work well in advance, and give written notice to the Owner's Representative in accordance with Division 01.

		D. In preparation for tie-ins to existing on-site utility systems, the Owner will drain and/or blow the existing piping prior to start of tie-in work by the Contractor.  In all cases, the Owner will close the appropriate valves to isolate the area of work.  The Contractor shall be responsible for refilling the system including all approved chemical treatment.  The Contractor shall be responsible for venting the isolated portion of the existing chilled water mains affected by the work of this project.



		3.10 FLUSHING

		A. The entire new piping system shall be thoroughly flushed out until reasonably clean in the opinion of the Owner's Representative.

		B. All tests shall be conducted at such times as directed by and in the presence of the Owner's Representative.



		3.11 PIPE TESTING

		A. Chilled water, condenser water, heating water, steam and condensate piping shall be hydrostatically tested to prove watertight prior to backfilling.  Provide all instruments, facilities, and labor to conduct testing and placing in operation.  In addition, piping systems with integral airtight external casings shall have the casing air tested to 15 psig with no leaks for two hours.

		B. Piping shall be tested in whole or in sections.  Testing under this section of the work shall be done before final connections to building piping and existing utility piping is made, with the provision that subsequent leaks, if developed, at these conditions shall be corrected under this section of the work.

		C. Any part of any piping system, including all accessories, that shows failure during testing shall immediately be repaired or replaced with new materials.  The system shall be completely retested after repair or replacement.  This procedure shall be repeated, if necessary, until all parts of all systems withstand the specified tests.  All retesting costs shall be part of the Contract.

		D. Holiday testing of direct-buried steel piping and casing systems: Test entire surface of piping and casings for faults in coating, after installation in trench, and prior to backfilling.  Use test method and voltage recommended by coating manufacturer.  Repair any holidays found and retest.  System shall not be backfilled until holidays are eliminated.

		E. Pressure tests shall be witnessed by the Owner's Representative.  Provide minimum 48 hour notice prior to start to each test.  Test time will be accrued only while full test pressure is on the system, unless indicated otherwise.  "Tolerance" shall be no pressure drop, except that due to temperature change.  Inspect and test all work prior to burying or concealing.  Test pressure shall be one and one-half times (1.5x) the system operating pressure or the listed test pressure below, whichever is greater.  Do not exceed the maximum pressure rating of the piping.



		3.12 CLOSING OF UNINSPECTED WORK

		A. No work shall be covered up or enclosed until the opportunity to inspect and test same has been afforded to the Owner's Representative and the Owner's Representative has authorized the Contractor to cover or enclose the work.

		B. Any work enclosed or covered in the absence of the Owner's Representative's authorization shall be uncovered.  All expense to comply shall be borne by the Contractor.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, and Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. All work to be furnished and installed under this Section shall comply with all the 
requirements of Division 01, and shall include, but not necessarily be limited to, the 
following: 
1. Flexible coupled end suction pumps. 
2. In-line flexible coupled pumps. 
3. In-line circulators 
4. Expansion tanks - diaphragm type pre-pressurized. 
5. Air separators. 
6. Air elimination valve. 
7. Suction diffusers. 
8. Chemical pot feeders. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500:  Basic HVAC Materials and Methods 


B. Section 230593:  Testing, Adjusting and Balancing 


C. Section 230900:  Building Automation System (BAS) Controls 


D. Section 230902:  Variable Frequency Drives (VFD) 


E. Section 233113:  Air Distribution 


F. Section 233412:  Air Handling Equipment 


G. Section 238239:  Heat Transfer 


H. Division 26:  Electrical 


1.4 QUALITY ASSURANCE 


A. Manufacturer's Qualifications:  Provide systems that are the standard product of an 
equipment manufacturer regularly engaged in the production of such units who 
issues complete catalog information on such products. 


B. Codes and Standards:  Provide pumps which conform to the requirements of: 
1. Hydraulic Institute (HI):  Manufacturer pumps in accordance with "Standards 


for Centrifugal Rotary and Reciprocating Pumps." 
2. National Electrical Manufacturers Association (NEMA):  Provide electrical 


components which comply with NEMA Standards. 
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3. National Fire Protection Association CEC:  California electrical Code 
4. Underwriters Laboratories (UL) UL-778:  Motor Operated Water Pumps 


1.5 SUBMITTALS 


A. Product Data:  Submit manufacturer's technical product data for units showing 
dimensions, weights (shipping, installed, and operating), capacities, ratings, 
performance with operating point clearly indicated, motor electrical characteristics, 
finishes of materials, and installation instructions. 
1. Parallel pump plots:  For all parallel and series pump applications submit a 


combined pump curve showing parallel pump operation and single pump 
non-overloaded operation verifying that the pump selections operate non-
overloading on curve in a single pump operation. 


2. Submittal information to verify all scheduled characteristics are met including 
efficiency. 


B. Shop Drawings:  Submit manufacturer's shop drawings indicating dimensions, weight 
(shipping, operating), required clearances, methods of assembly of components, and 
location and size of each field connection. 


C. Maintenance Data:  Submit maintenance instructions, including instructions for 
lubrication, tube replacement, motor and drive replacement, and spare parts lists.  
Include this data, product data, shop drawings, and wiring diagrams in operating and 
maintenance manuals. 


D. Wiring Diagrams:  Submit manufacturer's ladder-type wiring diagrams for power and 
control wiring required.  Differentiate between factory-installed and field-installed 
wiring. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver units to the site in containers with manufacturer's stamp or label affixed. 


B. Store and protect products and units against dirt, water, chemical, and mechanical 
damage.  Do not install damaged units - remove from project site. 


C. Rigging:  Comply with the manufacturer's rigging and installation instructions. 


1.7 WARRANTY 


A. Provide general one year (12 months) warranty.  The warranty shall include parts, 
labor, travel costs, and living expenses incurred by the manufacturer to provide 
factory authorized service. 


PART 2 - PRODUCTS 


2.1 FLEXIBLE COUPLED END SUCTION PUMPS 


A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be base 
mounted, single stage, end suction design with true back pull-out, capable of being 
serviced without disturbing piping connections. 


B. Pump volute shall be Class 30 cast iron with integrally cast pedestal support.  The 
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impeller shall be cast bronze, enclosed type, dynamically balanced, keyed to the 
shaft and secured by a locking capscrew. Impeller trim shall be no greater than 85% 
of the maximum impeller size for the pump. 


C. The liquid cavity shall be sealed off at the pump shaft by an internally flushed 
mechanical seal with ceramic seal seat of at least 98% alumina oxide content, and 
carbon seal ring, suitable for continuous operation at 225° F.  A replaceable bronze 
shaft sleeve shall completely cover the wetted area under the seal. 


D. Pumps shall be rated for minimum of 175 psi working pressure.  Casings shall have 
gauge ports at nozzles and vent and drain ports at top and bottom of casing. 


E. Pump bearing housing assembly shall have heavy duty regreaseable ball bearings, 
replaceable without disturbing piping connections and have foot support at coupling 
end. 


F. Base plate shall be of structural steel or fabricated steel channel configuration fully 
enclosed at sides and ends, with securely welded cross members and fully open 
grouting area.  A flexible type coupler, capable of absorbing torsional vibration, shall 
be employed between the pump and motor, and shall be equipped with an OSHA 
approved coupling guard.  Contractor to level and grout each unit according to 
manufacturer's instructions. 


G. The motor shall meet NEMA specifications and shall be the size, voltage and 
enclosure called for on the plans.  Pump and motor shall be factory aligned, and 
shall be realigned by contractor after installation.  Provide premium efficiency motors 
in accordance with Section 230500. 


H. Each pump shall be factory tested, it shall then be thoroughly cleaned and painted 
with at least one coat of high grade machinery enamel prior to shipment. 


I. Each unit shall be checked by the contractor and regulated for proper differential 
pressure, voltage and amperage draw.  This data shall be noted on a permanent tag 
or label and fastened to the pump for owner's reference. 


J. Manufacturer:  Bell & Gossett series "1510" or approved equal by TACO, PACO, 
Patterson, Peerless or Armstrong. 


2.2 CLOSED COUPLED END SUCTION PUMPS 


A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be close 
coupled, single stage, vertically split case design, capable of being serviced without 
disturbing piping connections. 


B. Pump volute shall be Class 30 cast iron, and impeller shall be cast bronze enclosed 
type, dynamically balanced, keyed to the shaft and secured by a locking capscrew.  
Impeller trim shall be no greater than 85% of the maximum impeller size for the 
pump. 


C. The liquid cavity shall be sealed off at the motor shaft by an internally flushed 
mechanical seal with ceramic seal seat of at least 98% alumina oxide content, and 
carbon seal ring, suitable for continuous operation at 225° F.  A replaceable shaft 
sleeve of bronze alloy shall completely cover the wetted area under the seal. 
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D. Pumps shall be rated for minimum of 175 psi working pressure.  Casings shall have 
gauge ports, and vent and drain ports at top and bottom of casing. 


E. Motor shall meet NEMA specifications and shall be of the size, voltage and 
enclosure called for on the plans.  It shall have heavy duty grease lubricated ball 
bearings, completely adequate for the maximum load for which the motor is 
designed.  Provide premiumefficiency motors in accordance with Section 230500. 


F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted 
with at least one coat of high grade machinery enamel prior to shipment. 


G. Each pump shall be checked by the contractor and regulated for proper differential 
pressure, voltage and amperage draw.  This data shall be noted on a permanent tag 
or label and fastened to pump for owner's reference. 


H. Manufacturer:  Bell & Gossett series "1531" or approved equal by TACO, PACO, 
Patterson, Peerless or Armstrong. 


2.3 IN-LINE FLEXIBLE COUPLED PUMPS 


A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line 
type for installation in vertical or horizontal piping.  Pump must be capable of being 
serviced without disturbing piping connections. 


B. Pump body shall be of Class 30 cast iron, rated 175 psi working pressure, with 
gauge ports at nozzles, and with vent and drain ports. 


C. Impeller shall be non-ferrous material, enclosed type, dynamically balanced, keyed to 
the shaft and secured by a locking capscrew or nut.  Impeller trim shall be no greater 
than 85% of the maximum impeller size for the pump. 


D. The liquid cavity shall be sealed off at the motor shaft by an internally flushed 
mechanical seal with ceramic seal seat, and carbon seal ring, suitable for continuous 
operation at 225° F.  A non-ferrous shaft sleeve shall completely cover the wetted 
area under the seal. 


E. Pump bearing bracket shall have oil lubricated bronze journal and thrust bearings.  
Bracket shaft shall be alloy steel having ground and hardened thrust bearing faces.  
A flexible coupling to dampen starting torque and torsional vibrations shall be 
employed.  Flexible coupling shall be equipped with an OSHA approved coupling 
guard. 


F. Motor shall meet NEMA specifications and shall be the size, voltage and enclosure 
called for on the plans.  Provide premiumefficiency motors in accordance with 
Section 230500. 


G. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted 
with at least one coat of high grade machinery enamel prior to shipment. 


H. Manufacturer:  Bell & Gossett series "60" or approved equal by TACO, PACO, 
Patterson,  Peerless or Armstrong. 


2.4 IN-LINE CLOSE COUPLED PUMPS 
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A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line 
type, close coupled, single stage design, for installation in vertical or horizontal 
position, and capable of being serviced without disturbing piping connections. 


B. Pump casing shall be Class 30 cast iron, and impeller shall be of cast bronze 
enclosed type, dynamically balanced, keyed to the shaft and secured by a locking 
capscrew.  Impeller trim shall be no greater than 85% of the maximum impeller size 
for the pump. 


C. The liquid cavity shall be sealed off at the motor shaft by an internally flushed 
mechanical seal with ceramic seal seat and carbon seal ring, suitable for continuous 
operation at 225° F.  A bronze shaft sleeve shall completely cover the wetted area 
under the seal. 


D. Pumps shall be rated for minimum of 175 psi working pressure.  The pump case 
shall have gauge tappings at the suction and discharge nozzles and will include vent 
and drain ports. 


E. Motor shall meet NEMA specifications and shall be of the size, voltage and 
enclosure called for on the plans.  It shall have heavy duty grease lubricated ball 
bearings, completely adequate for the maximum load for which the motor is 
designed.  Provide premiumefficiency motor in accordance with Section 230500. 


F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted 
with at least one coat of high grade machinery enamel prior to shipment. 


G. Manufacturer:  Bell & Gossett series "80" or approved equal by TACO, PACO, 
Patterson, Peerless or Armstrong. 


2.5 IN LINE WATER LUBRICATED CIRCULATING PUMPS (SECONDARY PUMPING AND 
BOOSTER APPLICATIONS) 


A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line 
type for installation in vertical or horizontal piping.  Pump must be capable of being 
serviced without disturbing piping connections. 


B. Pump body shall be of all bronze construction, rated 175 psi working pressure, with 
gauge ports at nozzles, and with vent and drain ports. 


C. Impeller shall be non-ferrous material, enclosed type, dynamically balanced, keyed to 
the shaft and secured by a locking capscrew or nut. 


D. The liquid cavity shall be sealed off at the motor shaft by an internally-flushed 
mechanical seal with ceramic seal seat, and carbon seal ring, suitable for continuous 
operation at 225°F.  A non-ferrous shaft sleeve shall completely cover the wetted 
area under the seal. 


E. Motor shall meet NEMA specifications and shall be the size, voltage and enclosure 
called for on the plans. 


F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted 
with at least one coat of high-grade machinery enamel prior to shipment. 
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G. Provide H-O-A switch with overload protection.  Pump shall run continuously.  Wiring 
between switch and pump provided under Division 23, as stated in Section 230500. 


H. Manufacturer:  ITT Bell and Gossett Series SLC-25, TACO, Armstrong SS-30 
through 100, Grundfos UP-15 & 26. 


2.6 CONDENSATE RETURN PUMP AND RECEIVER SETS 


A. General:  Provide as indicated, packaged duplex condensate pump and receiver 
sets, of capacity as scheduled, consisting of cast-iron receiver, inlet strainer, duplex 
water pumps, float switches, electrical controls, and accessories. 


B. Receiver:  Construct of close-grained case iron.  Equip with externally adjustable 2 
pole float switches, water level gage, condensate thermometer, pump discharge 
pressure gages, bronze isolation valves between receiver and pump, and 2 lifting 
eye bolts.  Provide isolation valve on inlet of each pump. 


C. Strainer:  Equip receiver inlet with cast-iron inlet strainer with self-cleaning bronze 
screen, dirt pocket, and clean-out plug. 


D. Pump:  Flange mount centrifugal water pump on receiver.  Provide close-coupled 
pump, vertical design, permanently aligned, bronze fitted, equipped with stainless 
steel shaft, enclosed bronze impeller, renewable bronze case ring, and mechanical 
shaft seal.  Provide drip-proof motor close-coupled to pump. 


E. Control Panel:  Provide wall mounted NEMA II control cabinet factory-wired for 
external electrical connection only, with hinged door and grounding lug.  Provide the 
following within cabinet: 
1. Combination magnetic starter for each pump. 
2. Electrical alternator. 
3. Momentary contact "Test" push buttons for each pump. 
4. Numbered terminal strip. 
5. Fusible control circuit transformer for each circuit. 


F. Control Circuits:  Provide completely independent pump control circuit for each 
pump.  Provide electrical alternator to: 
1. Change operating sequence automatically after each cycle. 
2. Provide simultaneous operation under peak load conditions. 
3. Operate idle pump automatically, should active pump or its controls fail. 


G. Manufacturer:  Alyn, Weil or approved equal. 


2.7 EXPANSION TANKS 


A. Diaphragm Type Pre-pressurized: 
1. The pressurization system shall include a diaphragm-type expansion tank 


which will accommodate the expanded water of the system generated within 
the normal operating temperature range, limiting this pressure increase at all 
components in the system to the maximum allowable pressure at those 
components.  It shall maintain minimum operating pressure necessary to 
eliminate all air.  The only air in the system shall be the permanent sealed-in 
air cushion contained in the diaphragm-type tank. 


2. The expansion tank shall be welded steel, constructed, tested and stamped 
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in accordance with Section VIII of the ASME Code for a working pressure of 
125 psi and precharged to the minimum operating pressure. 


3. The manufacturer shall be Wessels, ELBI, Amtrol or approved equal with at 
least five years experience in the fabrication of diaphragm-type ASME 
expansion tanks. 


2.8 AIR SEPARATORS 


A. Tangential and coalescing media type: 
1. All free air originally contained in the system, and all entrained air bubbles 


carried by system water shall be eliminated at all system points as indicated 
on the drawings. 


2. The air separator shall be welded steel, constructed, tested and stamped in 
accordance with Section VIII of the ASME Code for a working pressure of 
125 psi. 


3. Air separators shall be sized as indicated on plans. 
4. Provide with strainer unless otherwise noted. 
5. Manufacturer:  Bell & Gossett, TACO, Patterson, Wheatley, Armstrong, 


Spirovent or approved equal. 


2.9 AIR ELIMINATION VALVE (AUTOMATIC) 


A. Air shall be eliminated to the atmosphere as fast as it is separated from system 
water, through a float activated remote pressure operated, air elimination valve 
installed at the top of the air separator. 


B. The air elimination valve shall have a high removal rate at low pressure differentials 
and shall be fully open for the removal of air at all pressures in the operating range 
from 2 to 150 psig.  It shall be tightly sealed against loss of system water and prevent 
entrance of air in negative pressure situations. 


C. The air elimination valve shall be constructed of metal and all working parts shall be 
non-corrosive.  Working pressure shall be 125 psi. 


D. Provide minimum 3/8” drain line from vent and route to nearest floor drain or floor 
sink or other approved drainage location. 


E. Manufacturer:  Amtrol, Hoffman or approved equal. 


2.10 SUCTION DIFFUSERS 


A. Furnish and install as shown on plans, an angle pattern flow straightening fitting 
equipped with a combination diffuser-strainer-orifice cylinder, flow straightening 
vanes, start-up strainer, permanent magnet and adjustable support foot.  The 
combination diffuser-strainer-orifice cylinder shall be designed to withstand pressure 
differential equal to the system pump shutoff head and shall have a free area equal 
to five times the cross section area of the pump suction opening.  The length of the 
flow straightening vanes shall be no less than 2-1/2 times the diameter of the system 
suction connection. 


B. Fitting to be of cast iron construction with flanged connections unless otherwise 
noted.  See plan for sizes. 
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C. The fitting shall have a stainless steel combination diffuser-strainer-orifice cylinder 
with 3/16 inch diameter perforation to protect system pump.  Provide with stainless 
steel straightening vanes.  Start-up strainer to be 16 mesh bronze.  All internal 
components to be replaceable. 


D. Manufacturer:  Bell & Gossett, TACO, Patterson, Wheatley, Victaulic or approved 
equal. 


2.11 CHEMICAL POT FEEDER 


A. Provide five gallon pot feeder with removable cover, bottom drain valve, and shut-off 
valves.  Provide balancing valve and check valves as shown on Drawings. 


B. Mount on support stand or to the wall and pipe between the supply and return piping 
as shown on Drawings.  Provide clearance under the pot feeder for draining. 


C. Manufacturer:  Dearborn, Garrett-Callahan, J.L Wingert or approved equal. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in 
accordance with industry standards and manufacturer's recommended installation 
instructions. 


B. Grouting Pump Base:  For all base mounted flexibly coupled pumps fill the pump 
base frame with grout after completing pump/motor alignment. 


C. Provide vibration isolation, inertia bases, seismic snubber, flexible pipe connections, 
etc, as specified in related specification sections. 


D. For variable flow pumping applications, see Section 230902 for additional 
requirements. 


E. Mechanical contractor to assist testing and balancing contractor in verifying correct 
pump rotation and system operation. 


F. Flush and clean equipment, in accordance with manufacturer's start-up instructions, 
and in presence of manufacturer's representative.  Test controls and demonstrate 
compliance with requirements.  Replace damaged or malfunctioning controls. 


G. Isolation for Service:  Provide pump installations with a discrete isolation valve on 
both the supply and intake side of the pump to permit service of the pump and any 
related strainer, check or balancing valves.  Triple duty valves are not equivalent for 
this shut-off service. 


H. Balancing Coordination and Impeller Trimming:  Coordinate final pump flow with test 
and balance contractor.  For pumps larger than 5 horsepower, if the system tests 
and balance indicate that flow exceeds the specified flow by greater than 20%, it is 
not acceptable to reduce flow merely by adjusting balance valves to create additional 
head or reducing VFD peak flows.  Excess system flow must be reduced by trimming 
the impeller to match the load. 
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3.2 MANUFACTURER'S START-UP SERVICES 


A. The manufacturer shall provide start-up service in the form of a factory trained 
service technician.  The service technician shall verify correct installation, verify 
pump systems mounting, verify piping installation, verify control wiring, verify power 
wiring, and check for proper operation.  The service technician shall provide final 
adjustments to meet the specified performance requirements.  Fully staffed parts 
and service personnel shall be within four hours travel from the jobsite. 


END OF SECTION 
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		1.7 WARRANTY

		A. Provide general one year (12 months) warranty.  The warranty shall include parts, labor, travel costs, and living expenses incurred by the manufacturer to provide factory authorized service.





		PART 2 - PRODUCTS

		2.1 FLEXIBLE COUPLED END SUCTION PUMPS

		A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be base mounted, single stage, end suction design with true back pull-out, capable of being serviced without disturbing piping connections.

		B. Pump volute shall be Class 30 cast iron with integrally cast pedestal support.  The impeller shall be cast bronze, enclosed type, dynamically balanced, keyed to the shaft and secured by a locking capscrew. Impeller trim shall be no greater than 85% of the maximum impeller size for the pump.

		C. The liquid cavity shall be sealed off at the pump shaft by an internally flushed mechanical seal with ceramic seal seat of at least 98% alumina oxide content, and carbon seal ring, suitable for continuous operation at 225° F.  A replaceable bronze shaft sleeve shall completely cover the wetted area under the seal.

		D. Pumps shall be rated for minimum of 175 psi working pressure.  Casings shall have gauge ports at nozzles and vent and drain ports at top and bottom of casing.

		E. Pump bearing housing assembly shall have heavy duty regreaseable ball bearings, replaceable without disturbing piping connections and have foot support at coupling end.

		F. Base plate shall be of structural steel or fabricated steel channel configuration fully enclosed at sides and ends, with securely welded cross members and fully open grouting area.  A flexible type coupler, capable of absorbing torsional vibration, shall be employed between the pump and motor, and shall be equipped with an OSHA approved coupling guard.  Contractor to level and grout each unit according to manufacturer's instructions.

		G. The motor shall meet NEMA specifications and shall be the size, voltage and enclosure called for on the plans.  Pump and motor shall be factory aligned, and shall be realigned by contractor after installation.  Provide premium efficiency motors in accordance with Section 230500.

		H. Each pump shall be factory tested, it shall then be thoroughly cleaned and painted with at least one coat of high grade machinery enamel prior to shipment.

		I. Each unit shall be checked by the contractor and regulated for proper differential pressure, voltage and amperage draw.  This data shall be noted on a permanent tag or label and fastened to the pump for owner's reference.

		J. Manufacturer:  Bell & Gossett series "1510" or approved equal by TACO, PACO, Patterson, Peerless or Armstrong.



		2.2 CLOSED COUPLED END SUCTION PUMPS

		A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be close coupled, single stage, vertically split case design, capable of being serviced without disturbing piping connections.

		B. Pump volute shall be Class 30 cast iron, and impeller shall be cast bronze enclosed type, dynamically balanced, keyed to the shaft and secured by a locking capscrew.  Impeller trim shall be no greater than 85% of the maximum impeller size for the pump.

		C. The liquid cavity shall be sealed off at the motor shaft by an internally flushed mechanical seal with ceramic seal seat of at least 98% alumina oxide content, and carbon seal ring, suitable for continuous operation at 225° F.  A replaceable shaft sleeve of bronze alloy shall completely cover the wetted area under the seal.

		D. Pumps shall be rated for minimum of 175 psi working pressure.  Casings shall have gauge ports, and vent and drain ports at top and bottom of casing.

		E. Motor shall meet NEMA specifications and shall be of the size, voltage and enclosure called for on the plans.  It shall have heavy duty grease lubricated ball bearings, completely adequate for the maximum load for which the motor is designed.  Provide premiumefficiency motors in accordance with Section 230500.

		F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted with at least one coat of high grade machinery enamel prior to shipment.

		G. Each pump shall be checked by the contractor and regulated for proper differential pressure, voltage and amperage draw.  This data shall be noted on a permanent tag or label and fastened to pump for owner's reference.

		H. Manufacturer:  Bell & Gossett series "1531" or approved equal by TACO, PACO, Patterson, Peerless or Armstrong.



		2.3 IN-LINE FLEXIBLE COUPLED PUMPS

		A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line type for installation in vertical or horizontal piping.  Pump must be capable of being serviced without disturbing piping connections.

		B. Pump body shall be of Class 30 cast iron, rated 175 psi working pressure, with gauge ports at nozzles, and with vent and drain ports.

		C. Impeller shall be non-ferrous material, enclosed type, dynamically balanced, keyed to the shaft and secured by a locking capscrew or nut.  Impeller trim shall be no greater than 85% of the maximum impeller size for the pump.

		D. The liquid cavity shall be sealed off at the motor shaft by an internally flushed mechanical seal with ceramic seal seat, and carbon seal ring, suitable for continuous operation at 225° F.  A non-ferrous shaft sleeve shall completely cover the wetted area under the seal.

		E. Pump bearing bracket shall have oil lubricated bronze journal and thrust bearings.  Bracket shaft shall be alloy steel having ground and hardened thrust bearing faces.  A flexible coupling to dampen starting torque and torsional vibrations shall be employed.  Flexible coupling shall be equipped with an OSHA approved coupling guard.

		F. Motor shall meet NEMA specifications and shall be the size, voltage and enclosure called for on the plans.  Provide premiumefficiency motors in accordance with Section 230500.

		G. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted with at least one coat of high grade machinery enamel prior to shipment.

		H. Manufacturer:  Bell & Gossett series "60" or approved equal by TACO, PACO, Patterson,  Peerless or Armstrong.



		2.4 IN-LINE CLOSE COUPLED PUMPS

		A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line type, close coupled, single stage design, for installation in vertical or horizontal position, and capable of being serviced without disturbing piping connections.

		B. Pump casing shall be Class 30 cast iron, and impeller shall be of cast bronze enclosed type, dynamically balanced, keyed to the shaft and secured by a locking capscrew.  Impeller trim shall be no greater than 85% of the maximum impeller size for the pump.

		C. The liquid cavity shall be sealed off at the motor shaft by an internally flushed mechanical seal with ceramic seal seat and carbon seal ring, suitable for continuous operation at 225° F.  A bronze shaft sleeve shall completely cover the wetted area under the seal.

		D. Pumps shall be rated for minimum of 175 psi working pressure.  The pump case shall have gauge tappings at the suction and discharge nozzles and will include vent and drain ports.

		E. Motor shall meet NEMA specifications and shall be of the size, voltage and enclosure called for on the plans.  It shall have heavy duty grease lubricated ball bearings, completely adequate for the maximum load for which the motor is designed.  Provide premiumefficiency motor in accordance with Section 230500.

		F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted with at least one coat of high grade machinery enamel prior to shipment.

		G. Manufacturer:  Bell & Gossett series "80" or approved equal by TACO, PACO, Patterson, Peerless or Armstrong.



		2.5 IN LINE WATER LUBRICATED CIRCULATING PUMPS (SECONDARY PUMPING AND BOOSTER APPLICATIONS)

		A. Furnish and install pumps with capacities as shown on plans.  Pumps shall be in-line type for installation in vertical or horizontal piping.  Pump must be capable of being serviced without disturbing piping connections.

		B. Pump body shall be of all bronze construction, rated 175 psi working pressure, with gauge ports at nozzles, and with vent and drain ports.

		C. Impeller shall be non-ferrous material, enclosed type, dynamically balanced, keyed to the shaft and secured by a locking capscrew or nut.

		D. The liquid cavity shall be sealed off at the motor shaft by an internally-flushed mechanical seal with ceramic seal seat, and carbon seal ring, suitable for continuous operation at 225°F.  A non-ferrous shaft sleeve shall completely cover the wetted area under the seal.

		E. Motor shall meet NEMA specifications and shall be the size, voltage and enclosure called for on the plans.

		F. Each pump shall be factory tested.  It shall then be thoroughly cleaned and painted with at least one coat of high-grade machinery enamel prior to shipment.

		G. Provide H-O-A switch with overload protection.  Pump shall run continuously.  Wiring between switch and pump provided under Division 23, as stated in Section 230500.

		H. Manufacturer:  ITT Bell and Gossett Series SLC-25, TACO, Armstrong SS-30 through 100, Grundfos UP-15 & 26.



		2.6 CONDENSATE RETURN PUMP AND RECEIVER SETS

		A. General:  Provide as indicated, packaged duplex condensate pump and receiver sets, of capacity as scheduled, consisting of cast-iron receiver, inlet strainer, duplex water pumps, float switches, electrical controls, and accessories.

		B. Receiver:  Construct of close-grained case iron.  Equip with externally adjustable 2 pole float switches, water level gage, condensate thermometer, pump discharge pressure gages, bronze isolation valves between receiver and pump, and 2 lifting eye bolts.  Provide isolation valve on inlet of each pump.

		C. Strainer:  Equip receiver inlet with cast-iron inlet strainer with self-cleaning bronze screen, dirt pocket, and clean-out plug.

		D. Pump:  Flange mount centrifugal water pump on receiver.  Provide close-coupled pump, vertical design, permanently aligned, bronze fitted, equipped with stainless steel shaft, enclosed bronze impeller, renewable bronze case ring, and mechanical shaft seal.  Provide drip-proof motor close-coupled to pump.

		E. Control Panel:  Provide wall mounted NEMA II control cabinet factory-wired for external electrical connection only, with hinged door and grounding lug.  Provide the following within cabinet:

		F. Control Circuits:  Provide completely independent pump control circuit for each pump.  Provide electrical alternator to:

		G. Manufacturer:  Alyn, Weil or approved equal.



		2.7 EXPANSION TANKS

		A. Diaphragm Type Pre�pressurized:



		2.8 AIR SEPARATORS

		A. Tangential and coalescing media type:



		2.9 AIR ELIMINATION VALVE (AUTOMATIC)

		A. Air shall be eliminated to the atmosphere as fast as it is separated from system water, through a float activated remote pressure operated, air elimination valve installed at the top of the air separator.

		B. The air elimination valve shall have a high removal rate at low pressure differentials and shall be fully open for the removal of air at all pressures in the operating range from 2 to 150 psig.  It shall be tightly sealed against loss of system water and prevent entrance of air in negative pressure situations.

		C. The air elimination valve shall be constructed of metal and all working parts shall be non�corrosive.  Working pressure shall be 125 psi.

		D. Provide minimum 3/8” drain line from vent and route to nearest floor drain or floor sink or other approved drainage location.

		E. Manufacturer:  Amtrol, Hoffman or approved equal.



		2.10 SUCTION DIFFUSERS

		A. Furnish and install as shown on plans, an angle pattern flow straightening fitting equipped with a combination diffuser-strainer-orifice cylinder, flow straightening vanes, start-up strainer, permanent magnet and adjustable support foot.  The combination diffuser-strainer-orifice cylinder shall be designed to withstand pressure differential equal to the system pump shutoff head and shall have a free area equal to five times the cross section area of the pump suction opening.  The length of the flow straightening vanes shall be no less than 2-1/2 times the diameter of the system suction connection.

		B. Fitting to be of cast iron construction with flanged connections unless otherwise noted.  See plan for sizes.

		C. The fitting shall have a stainless steel combination diffuser-strainer-orifice cylinder with 3/16 inch diameter perforation to protect system pump.  Provide with stainless steel straightening vanes.  Start-up strainer to be 16 mesh bronze.  All internal components to be replaceable.

		D. Manufacturer:  Bell & Gossett, TACO, Patterson, Wheatley, Victaulic or approved equal.



		2.11 CHEMICAL POT FEEDER

		A. Provide five gallon pot feeder with removable cover, bottom drain valve, and shut-off valves.  Provide balancing valve and check valves as shown on Drawings.

		B. Mount on support stand or to the wall and pipe between the supply and return piping as shown on Drawings.  Provide clearance under the pot feeder for draining.

		C. Manufacturer:  Dearborn, Garrett-Callahan, J.L Wingert or approved equal.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. All equipment, unless otherwise shown or noted on the Drawings, is to be installed in accordance with industry standards and manufacturer's recommended installation instructions.

		B. Grouting Pump Base:  For all base mounted flexibly coupled pumps fill the pump base frame with grout after completing pump/motor alignment.

		C. Provide vibration isolation, inertia bases, seismic snubber, flexible pipe connections, etc, as specified in related specification sections.

		D. For variable flow pumping applications, see Section 230902 for additional requirements.

		E. Mechanical contractor to assist testing and balancing contractor in verifying correct pump rotation and system operation.

		F. Flush and clean equipment, in accordance with manufacturer's start-up instructions, and in presence of manufacturer's representative.  Test controls and demonstrate compliance with requirements.  Replace damaged or malfunctioning controls.

		G. Isolation for Service:  Provide pump installations with a discrete isolation valve on both the supply and intake side of the pump to permit service of the pump and any related strainer, check or balancing valves.  Triple duty valves are not equivalent for this shut-off service.

		H. Balancing Coordination and Impeller Trimming:  Coordinate final pump flow with test and balance contractor.  For pumps larger than 5 horsepower, if the system tests and balance indicate that flow exceeds the specified flow by greater than 20%, it is not acceptable to reduce flow merely by adjusting balance valves to create additional head or reducing VFD peak flows.  Excess system flow must be reduced by trimming the impeller to match the load.



		3.2 MANUFACTURER'S START-UP SERVICES

		A. The manufacturer shall provide start-up service in the form of a factory trained service technician.  The service technician shall verify correct installation, verify pump systems mounting, verify piping installation, verify control wiring, verify power wiring, and check for proper operation.  The service technician shall provide final adjustments to meet the specified performance requirements.  Fully staffed parts and service personnel shall be within four hours travel from the jobsite.
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PART 1 - GENERAL 


1.1 APPLICABLE REQUIREMENTS 


A. All work to be furnished and installed under this section shall comply with all the 
requirements of General Conditions, Supplemental Conditions, Division 01 - General 
Requirements, Section 230500 - Basic HVAC Materials and Methods, and other 
Sections in Division 23 specified herein. 


1.2 SCOPE 


A. Includes, but not limited to: 
1. Furnish and install piping and piping specialties for refrigeration systems 


serving split system air conditioning units. 


1.3 RELATED WORK SPECIFIED ELSEWHERE 


A. Section 230500: Basic HVAC Materials and Methods 


B. Section 230700:  Mechanical Insulation 


C. Division 26: Electrical 


1.4 QUALITY ASSURANCE 


A. Qualifications: A refrigeration contractor licensed by the State shall install refrigerant 
piping. 


PART 2 - PRODUCTS 


2.1 REFRIGERANT PIPING 


A. Meet requirements of ASTM B 280-88, "Specification for Seamless Copper Tube for 
Air Conditioning & Refrigeration Field Service", hard drawn straight lengths.  Reflok 
aluminum piping and mechanical fittings may be considered with prior approval. 


B. Do not use pre-charged refrigerant lines more than 50 feet in length.. 


2.2 REFRIGERANT FITTINGS 


A. Wrought copper with long radius elbows. 


B. Approved Manufacturers: 
1. Mueller Streamline 
2. Nibco, Inc. 
3. Grinnell 
4. Elkhart Products Corp. 


2.3 SUCTION LINE TRAPS 


A. Manufactured standard one-piece traps. 
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2.4 CONNECTION MATERIAL 


A. Brazing Rods: 
1. Copper to Copper Connections: 


a. AWS Classification BCuP-4 Copper Phosphorus (6% silver). 
b. AWS Classification BCuP-5 Copper Phosphorus (15% silver). 


2. Copper to Brass or Copper to Steel Connections 
a. AWS Classification BAg-5 Silver (45% silver) 


3. Do not use rods containing Cadmium. 


2.5 FLUX 


A. Approved Manufacturers 
1. "Stay-Silv white brazing flux" by J.W. Harris Co. 
2. High quality silver solder flux by Handy & Harmon. 


2.6 EXPANSION VALVES 


A. For pressure type distributors, externally equalized with stainless steel diaphragm, 
and same refrigerant in thermostatic elements as in system. 


B. Size valves to provide full rated capacity of cooling coil served.  Coordinate selection 
with evaporator coil and condensing unit. 


C. Approved Manufacturers: 
1. Alco 
2. Henry 
3. Mueller 
4. Parker 
5. Singer 
6. Sporlan 


2.7 FILTER-DRIER 


A. On lines 3/4 inch outside diameter and larger, filter-drier shall be replaceable core 
type with non-ferrous casing and Schraeder type valve. 


B. On lines smaller than 3/4 inch outside diameter, filter-drier shall be sealed type using 
flared copper fittings. 


C. Size shall be full line size. 


D. Approved Manufacturers: 
1. Alco 
2. Mueller 
3. Parker 
4. Sporlan 
5. Virginia 


2.8 SIGHT GLASS 


A. Combination moisture and liquid indicator with protection cap. 
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B. Sign glass shall be full line size. 


C. Sight glass connections shall be solid copper or brass, no copper-coated steel sight 
glasses allowed. 


D. Approved Manufacturers: 
1. Alco 
2. Asco 
3. Mueller 
4. Parker 
5. Sporlan 


2.9 MANUAL REFRIGERANT SHUT-OFF VALVE 


A. Ball valves designed for refrigeration service and full line size. 


B. Valve shall have cap seals. 


C. Valves with hand wheels are not acceptable. 


D. Provide service valve on each liquid and suction line at compressor. 


E. If service valves come as integral part of condensing unit, additional service valves 
shall not be required. 


F. Approved Manufacturers: 
1. CoBraCo (Apollo) 
2. Henry 
3. Mueller 
4. Superior 
5. Virginia 


2.10 FLEXIBLE CONNECTORS 


A. Provide each liquid line and suction line at both condensing unit and evaporator on 
systems larger than five tons. 


B. Anchor pipe near each flexible connector. 


C. Connectors shall be for refrigerant service with bronze seamless corrugated hose 
and bronze braiding. 


D. Approved Manufacturers: 
1. Anaconda "Vibration Eliminators" by Anamet 
2. Vibration Absorber Model VAF by Packless Industries 
3. Vibration Absorbers by Superior Valve Co. 
4. Style "BF" Spring-flex refrigerant connectors by Vibration Mountings. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Slope suction lines down toward compressor or one inch/10 feet.  Locate traps at 
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vertical rises against flow in suction lines. 


B. Refrigeration system connections shall be copper-to-copper, copper-to-brass, or 
copper-to-steel type properly cleaned and brazed with specified rods.  Use flux only 
where necessary. 
1. No soft solder (tin, lead, antimony) connections will be allowed in system. 
2. Braze valve, sight glass, and flexible connections. 
3. Circulate dry nitrogen through tubes being brazed to eliminate formation of 


copper oxide during brazing operation. 


C. Insulate all suction and hot gas lines.  Insulate liquid lines where pipe may be in 
close contact to humans. 


3.2 FIELD QUALITY CONTROL 


A. Make evacuation and leak tests in presence of Architect’s Engineer after completing 
refrigeration piping system.  Positive pressure test will not suffice for procedure 
outlined below: 
1. Draw vacuum on each entire system with vacuum pump to 200 microns 


using vacuum gauge calibrated in microns.  Do not use cooling compressor 
to evacuate system nor operate it while system is under high vacuum.  
Isolate compressor from system piping using shut-off valves prior to pulling 
vacuum. 


2. Break vacuum with refrigerant to be used and re-establish vacuum test.  
Vacuum shall hold for 24 hours at 200 microns without compressor running. 


3. Conduct test at 70°F ambient temperature minimum. 
4. Do not use systems until tests have been made and systems started up as 


specified.  Inform Owner’s Representative of status of systems at time of 
final inspection and schedule start-up and testing if prevented by outdoor 
conditions before this time. 


5. After testing, fully charge system with refrigerant and conduct test with 
Halide Leak Detector. 


6. Install valves and specialties in accessible locations.  Install refrigeration 
distributors and suction outlets at same end of coil 


END OF SECTION 





		PART 1 - GENERAL

		1.1 APPLICABLE REQUIREMENTS

		A. All work to be furnished and installed under this section shall comply with all the requirements of General Conditions, Supplemental Conditions, Division 01 - General Requirements, Section 230500 - Basic HVAC Materials and Methods, and other Sections in Division 23 specified herein.



		1.2 SCOPE

		A. Includes, but not limited to:



		1.3 RELATED WORK SPECIFIED ELSEWHERE

		A. Section 230500: Basic HVAC Materials and Methods

		B. Section 230700:  Mechanical Insulation

		C. Division 26: Electrical



		1.4 QUALITY ASSURANCE

		A. Qualifications: A refrigeration contractor licensed by the State shall install refrigerant piping.





		PART 2 - PRODUCTS

		2.1 REFRIGERANT PIPING

		A. Meet requirements of ASTM B 280-88, "Specification for Seamless Copper Tube for Air Conditioning & Refrigeration Field Service", hard drawn straight lengths.  Reflok aluminum piping and mechanical fittings may be considered with prior approval.

		B. Do not use pre-charged refrigerant lines more than 50 feet in length..



		2.2 REFRIGERANT FITTINGS

		A. Wrought copper with long radius elbows.

		B. Approved Manufacturers:



		2.3 SUCTION LINE TRAPS

		A. Manufactured standard one-piece traps.



		2.4 CONNECTION MATERIAL

		A. Brazing Rods:



		2.5 FLUX

		A. Approved Manufacturers



		2.6 EXPANSION VALVES

		A. For pressure type distributors, externally equalized with stainless steel diaphragm, and same refrigerant in thermostatic elements as in system.

		B. Size valves to provide full rated capacity of cooling coil served.  Coordinate selection with evaporator coil and condensing unit.

		C. Approved Manufacturers:



		2.7 FILTER-DRIER

		A. On lines 3/4 inch outside diameter and larger, filter-drier shall be replaceable core type with non-ferrous casing and Schraeder type valve.

		B. On lines smaller than 3/4 inch outside diameter, filter-drier shall be sealed type using flared copper fittings.

		C. Size shall be full line size.

		D. Approved Manufacturers:



		2.8 SIGHT GLASS

		A. Combination moisture and liquid indicator with protection cap.

		B. Sign glass shall be full line size.

		C. Sight glass connections shall be solid copper or brass, no copper-coated steel sight glasses allowed.

		D. Approved Manufacturers:



		2.9 MANUAL REFRIGERANT SHUT-OFF VALVE

		A. Ball valves designed for refrigeration service and full line size.

		B. Valve shall have cap seals.

		C. Valves with hand wheels are not acceptable.

		D. Provide service valve on each liquid and suction line at compressor.

		E. If service valves come as integral part of condensing unit, additional service valves shall not be required.

		F. Approved Manufacturers:



		2.10 FLEXIBLE CONNECTORS

		A. Provide each liquid line and suction line at both condensing unit and evaporator on systems larger than five tons.

		B. Anchor pipe near each flexible connector.

		C. Connectors shall be for refrigerant service with bronze seamless corrugated hose and bronze braiding.

		D. Approved Manufacturers:





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Slope suction lines down toward compressor or one inch/10 feet.  Locate traps at vertical rises against flow in suction lines.

		B. Refrigeration system connections shall be copper-to-copper, copper-to-brass, or copper-to-steel type properly cleaned and brazed with specified rods.  Use flux only where necessary.

		C. Insulate all suction and hot gas lines.  Insulate liquid lines where pipe may be in close contact to humans.



		3.2 FIELD QUALITY CONTROL

		A. Make evacuation and leak tests in presence of Architect’s Engineer after completing refrigeration piping system.  Positive pressure test will not suffice for procedure outlined below:
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500 are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Testing Agency Qualifications: Member company of NETA or an NRTL. 
1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 


testing. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. Comply with CEC. 


E. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for 
Electrical Raceways and Cabling." 


F. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to 
restore original fire-resistance rating of assembly according to Section 078413 
"Penetration Firestopping." 


1.3 SUMMARY 


A. Section Includes: 
1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 


B. Related Requirements: 
1. Section 260513 "Medium-Voltage Cables" for single-conductor and 


multiconductor cables, cable splices, and terminations for electrical 
distribution systems with 2001 to 35,000 V. 


2. Section 260523 "Control-Voltage Electrical Power Cables" for control 
systems communications cables and Classes 1, 2 and 3 control cables. 
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1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Conductor materials and stranding 
2. Connector and termination materials 
3. Installation materials and methods 
4. Termination materials and methods 


PART 2 - PRODUCTS 


2.1 CONDUCTORS, CABLES, CONNECTORS, AND SPLICES 


A. Conductors shall be copper; conductors size #12AWG shall be solid, conductors 
size #10AWG and larger shall be stranded.  Conductors shall be minimum size 
#12AWG for power and lighting circuits; control circuits shall use a minimum 
conductor size of #14AWG.   


B. Insulation shall be type THW or THHN/THWN for all branch circuits 


C. All conductors routed underground shall feature XHHW THHN/THWN insulation for 
100 amp circuits and above 


D. Jackets shall be nylon or PVC material. 


E. All cables shall be UL listed for the application. 


F. Conduit requirements shall be as follows: 
1. Above ground: Rigid conduit, IMC, and EMT. MC and/or flexible conduit are 


permitted for final connections to light fixtures and final drops in walls to 
electrical devices. 
Homeruns shall not be permitted to be MC and/or flexible conduit. 


2. Outdoor locations: Rigid conduit. 
3. Exposed to physical damage: Rigid conduit. 
4. Underground: Schedule 40 PVC. 
5. Rigid non-metallic conduit and electrical non-metallic tubing are are 


unacceptable. 


G. Multi-conductor flexible cords shall be types SO, SJO, STO, or SJTO. 


H. Electrical connectors shall be UL listed and suitable for the conductor material being 
connected and rated appropriately.  Connectors shall be solderless helical metal 
spring pressure type for conductors #10AWG and smaller.  Connectors shall be 
compression type for conductors #8AWG and larger. 


PART 3 - EXECUTION 


3.1 INSTALLATION OF CONDUCTORS AND CABLES 


A. All wiring methods shall comply with the latest enforced edition of the National 
Electrical Code and the authority having jurisdiction. 


B. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 







SAN DIEGO STATE UNIVERSITY         SECTION 260519 
EIS COMPLEX         LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES  
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 260519 - 3 Michael Wall Engineering 


C. Install exposed cables parallel and perpendicular to surfaces of exposed structural 
members, and follow surface contours where possible. 


D. Complete raceway installation between conductor and cable termination points 
according to Section 260533 "Raceways for Electrical Systems" and Section 260534 
"Boxes for Electrical Systems" prior to pulling conductors and cables. 


E. Conductors shall be installed in clean raceways using nylon cord, polypropylene 
cord, hemp rope, or other material which will not damage the conductors or conduit.  
Use a listed cable pulling lubricant when necessary for pulling. Do not exceed 
manufacturer's recommended maximum pulling tensions and sidewall pressure 
values. 


F. Conductors shall be pulled into conduit simultaneously so as to not damage 
conductors during pulling. 


G. Support cables according to Section 260529 "Supports and Hangers for Electrical 
Systems." 


H. Conductors installed at outlets and switches shall have a minimum of 6" pigtail left in 
the box for future connections.  All conductors not connected to devices shall be 
terminated with splice caps and tape. 


I. Conductors shall be terminated such that no copper material is exposed.  
Conductors shall be trained and labeled at terminations in a neat and workmanlike 
manner. 


J. All terminations shall be mechanically sound, featuring helical twisting of the 
terminating conductors prior to the application of an electrical connector.  The 
electrical connector shall not be used for the mechanical connection of the 
conductors. 


K. All terminations shall comply with the manufacturer’s installation and torquing 
requirements. If manufacturer's torque values are not indicated, use those specified 
in UL 486A-486B. 


L. All terminations on stranded wire shall utilize twisted electrical connectors.   


M. Make splices, terminations, and taps that are compatible with conductor 
material and that possess equivalent or better mechanical strength and insulation 
ratings than unspliced conductors. 


N. Splices on conductors #8AWG and smaller shall be made with splice caps twisted 
onto the conductors and Wago spring pressure termination connectors on #10 and 
smaller. 


O. Splices on conductors #6AWG and larger shall be made with pressure connectors 
and terminal lugs.  Where exposed to water, damp air, or moisture splices shall be 
watertight. 


P. Splices shall be not be made in feeders; splices to branch circuits shall not be made 
within panelboards or similar enclosures. 
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Q. When combining homeruns, the Contractor shall derate all conductors per CEC 
requirements including reducing the conductor ampacity and using high temperature 
insulation where necessary.  Conduit sizes shall be adjusted by the Contractor, per 
CEC requirements, for any conductor revisions. 


R. The Contractor shall provide a code-sized insulated grounding conductor, in addition 
to the feeder conductors indicated on the drawings, for all feeder circuits. 


S. Identify and color-code conductors and cables according to Section 260553 
"Identification for Electrical Systems." 


T. Identify each spare conductor at each end with identity number and location of other 
end of conductor, and identify as spare conductor. 


3.2 FIELD QUALITY CONTROL 


A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500 are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Testing Agency Qualifications: Member company of NETA or an NRTL.

		1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.



		C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		D. Comply with CEC.

		E. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

		F. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Section 078413 "Penetration Firestopping."



		1.3 SUMMARY

		A. Section Includes:

		1. Building wires and cables rated 600 V and less.

		2. Connectors, splices, and terminations rated 600 V and less.



		B. Related Requirements:

		1. Section 260513 "Medium-Voltage Cables" for single-conductor and multiconductor cables, cable splices, and terminations for electrical distribution systems with 2001 to 35,000 V.

		2. Section 260523 "Control-Voltage Electrical Power Cables" for control systems communications cables and Classes 1, 2 and 3 control cables.





		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following:

		1. Conductor materials and stranding

		2. Connector and termination materials

		3. Installation materials and methods

		4. Termination materials and methods







		PART 2 - PRODUCTS

		2.1 CONDUCTORS, CABLES, CONNECTORS, AND SPLICES

		A. Conductors shall be copper; conductors size #12AWG shall be solid, conductors size #10AWG and larger shall be stranded.  Conductors shall be minimum size #12AWG for power and lighting circuits; control circuits shall use a minimum conductor size of #14AWG.  

		B. Insulation shall be type THW or THHN/THWN for all branch circuits

		C. All conductors routed underground shall feature XHHW THHN/THWN insulation for 100 amp circuits and above

		D. Jackets shall be nylon or PVC material.

		E. All cables shall be UL listed for the application.

		F. Conduit requirements shall be as follows:

		1. Above ground: Rigid conduit, IMC, and EMT. MC and/or flexible conduit are permitted for final connections to light fixtures and final drops in walls to electrical devices.

		Homeruns shall not be permitted to be MC and/or flexible conduit.

		2. Outdoor locations: Rigid conduit.

		3. Exposed to physical damage: Rigid conduit.

		4. Underground: Schedule 40 PVC.

		5. Rigid non-metallic conduit and electrical non-metallic tubing are are unacceptable.



		G. Multi-conductor flexible cords shall be types SO, SJO, STO, or SJTO.

		H. Electrical connectors shall be UL listed and suitable for the conductor material being connected and rated appropriately.  Connectors shall be solderless helical metal spring pressure type for conductors #10AWG and smaller.  Connectors shall be compression type for conductors #8AWG and larger.





		PART 3 - EXECUTION

		3.1 INSTALLATION OF CONDUCTORS AND CABLES

		A. All wiring methods shall comply with the latest enforced edition of the National Electrical Code and the authority having jurisdiction.

		B. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

		C. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.

		D. Complete raceway installation between conductor and cable termination points according to Section 260533 "Raceways for Electrical Systems" and Section 260534 "Boxes for Electrical Systems" prior to pulling conductors and cables.

		E. Conductors shall be installed in clean raceways using nylon cord, polypropylene cord, hemp rope, or other material which will not damage the conductors or conduit.  Use a listed cable pulling lubricant when necessary for pulling. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.

		F. Conductors shall be pulled into conduit simultaneously so as to not damage conductors during pulling.

		G. Support cables according to Section 260529 "Supports and Hangers for Electrical Systems."

		H. Conductors installed at outlets and switches shall have a minimum of 6" pigtail left in the box for future connections.  All conductors not connected to devices shall be terminated with splice caps and tape.

		I. Conductors shall be terminated such that no copper material is exposed.  Conductors shall be trained and labeled at terminations in a neat and workmanlike manner.

		J. All terminations shall be mechanically sound, featuring helical twisting of the terminating conductors prior to the application of an electrical connector.  The electrical connector shall not be used for the mechanical connection of the conductors.

		K. All terminations shall comply with the manufacturer’s installation and torquing requirements. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.

		L. All terminations on stranded wire shall utilize twisted electrical connectors.  

		M. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.

		N. Splices on conductors #8AWG and smaller shall be made with splice caps twisted onto the conductors and Wago spring pressure termination connectors on #10 and smaller.

		O. Splices on conductors #6AWG and larger shall be made with pressure connectors and terminal lugs.  Where exposed to water, damp air, or moisture splices shall be watertight.

		P. Splices shall be not be made in feeders; splices to branch circuits shall not be made within panelboards or similar enclosures.

		Q. When combining homeruns, the Contractor shall derate all conductors per CEC requirements including reducing the conductor ampacity and using high temperature insulation where necessary.  Conduit sizes shall be adjusted by the Contractor, per CEC requirements, for any conductor revisions.

		R. The Contractor shall provide a code-sized insulated grounding conductor, in addition to the feeder conductors indicated on the drawings, for all feeder circuits.

		S. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical Systems."

		T. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.



		3.2 FIELD QUALITY CONTROL

		A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. UTP cabling. 
2. RS-485 cabling. 
3. Low-voltage control cabling. 
4. Control-circuit conductors. 
5. Identification products. 


1.3 DEFINITIONS 


A. EMI: Electromagnetic interference. 


B. Low Voltage: As defined in CEC for circuits and equipment operating at less than 
50 V or for remote-control and signaling power-limited circuits. 


C. Plenum: A space forming part of the air distribution system to which one or more air 
ducts are connected. An air duct is a passageway, other than a plenum, for trans-
porting air to or from heating, ventilating, or air-conditioning equipment. 


D. UTP: Unshielded twisted pair. 


1.4 ACTION SUBMITTALS 


A. Product Data: For each type of product. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For qualified layout technician, installation supervisor, and field 
inspector. 


PART 2 - PRODUCTS 


2.1 SYSTEM DESCRIPTION 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and applica-
tion. 


2.2 PERFORMANCE REQUIREMENTS 


A. Flame Travel and Smoke Density in Plenums: As determined by testing identical 
products according to NFPA 262 by a qualified testing agency. Identify products for 
installation in plenums with appropriate markings of applicable testing agency. 
1. Flame Travel Distance: 60 inches or less. 
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2. Peak Optical Smoke Density: 0.5 or less. 
3. Average Optical Smoke Density: 0.15 or less. 


B. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: 
As determined by testing identical products according to UL 1666. 


C. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-
Plenum Building Spaces: As determined by testing identical products according to 
UL 1685. 


2.3 BACKBOARDS 


A. Description: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches. Comply with re-
quirements for plywood backing panels in Section 061000 "Rough Carpentry." 


B. Painting: Paint plywood on all sides and edges with black latex paint. Comply with 
requirements in Section 099123 "Interior Painting." 


2.4 UTP CABLE 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Belden CDT Networking Division/NORDX. 
2. General Cable; General Cable Corporation. 
3. Superior Essex Inc. 


B. Description: 100-ohm, four-pair UTP. 
1. Comply with ICEA S-90-661 for mechanical properties of Category 5e ca-


bles. 
2. Comply with ICEA S-102-700 for mechanical properties of Category 6 ca-


bles. 
3. Comply with TIA-568-C.1 for performance specifications. 
4. Comply with TIA-568-C.2, Category 6. 
5. Listed and labeled by an NRTL acceptable to authorities having jurisdiction 


as complying with NEMA WC 66, UL 444 and CEC for the following types: 
a. Communications, Plenum Rated: Type CM, Type CMG, Type CMP, 


Type CMR, or Type CMX in metallic conduit installed per CEC, Arti-
cle 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling 
Spaces." 


b. Communications, Riser Rated: Type CMP or Type CMR in metallic 
conduit installed per CEC, Article 300.22, "Wiring in Ducts, Ple-
nums, and Other Air-Handling Spaces." 


c. Communications, General Purpose: Type CM, Type CMG, 
Type CMP, Type CMR, or Type CMX in metallic conduit installed 
per CEC, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-
Handling Spaces." 


2.5 UTP CABLE HARDWARE 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Belden Inc. 
2. Hubbell Premise Wiring. 



http://www.specagent.com/Lookup?ulid=1714

http://www.specagent.com/Lookup?uid=123457012526

http://www.specagent.com/Lookup?uid=123457012532

http://www.specagent.com/Lookup?uid=123457012524

http://www.specagent.com/Lookup?ulid=1717

http://www.specagent.com/Lookup?uid=123457012550

http://www.specagent.com/Lookup?uid=123457012541
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3. Leviton Manufacturing Co., Inc. 


B. General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-
C.2, IDC type, with modules designed for punch-down caps or tools. Cables shall be 
terminated with connecting hardware of same category or higher. 


C. Connecting Blocks:  110-style IDC for Category 6. Provide blocks for the number of 
cables terminated on the block, plus 25 percent spare. Integral with connector bod-
ies, including plugs and jacks where indicated. 


D. Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type 
connectors at each jack for permanent termination of pair groups of installed cables. 
1. Number of Jacks per Field:  One for each four-pair UTP cable indicated. 


E. Jacks and Jack Assemblies: 100-ohm, balanced, twisted-pair connector; four-pair, 
eight-position modular. Comply with TIA/EIA-568-C.1. 


F. Patch Cords: Factory-made, four-pair cables in 36-inch lengths; terminated with 
eight-position modular plug at each end. 
1. Patch cords shall have bend-relief-compliant boots and color-coded icons to 


ensure Category 6 performance. Patch cords shall have latch guards to pro-
tect against snagging. 


2. Patch cords shall have color-coded boots for circuit identification. 


2.6 RS-485 CABLE 


A. Standard Cable: CEC, Type CMG. 
1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper con-


ductors. 
2. PVC insulation. 
3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance: Comply with UL 1685. 


B. Plenum-Rated Cable: CEC, Type CMP. 
1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors. 
2. Fluorinated ethylene propylene insulation. 
3. Unshielded. 
4. Fluorinated ethylene propylene jacket. 
5. Flame Resistance: NFPA 262. 


2.7 LOW-VOLTAGE CONTROL CABLE 


A. Paired Cable: CEC, Type CMG. 
1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors. 
2. PVC insulation. 
3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance: Comply with UL 1685. 


B. Plenum-Rated, Paired Cable: CEC, Type CMP. 
1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors. 
2. PVC insulation. 



http://www.specagent.com/Lookup?uid=123457012543
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3. Unshielded. 
4. PVC jacket. 
5. Flame Resistance: Comply with NFPA 262. 


2.8 CONTROL-CIRCUIT CONDUCTORS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Encore Wire Corporation. 
2. General Cable; General Cable Corporation. 
3. Southwire Company. 


B. Class 1 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway, 
complying with UL 83. 


C. Class 2 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway, 
complying with UL 83. 


D. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN-2-
THWN-2, in raceway, complying with UL 83. 


2.9 SOURCE QUALITY CONTROL 


A. Factory test UTP cables according to TIA-568-C.2. 


B. Cable will be considered defective if it does not pass tests and inspections. 


C. Prepare test and inspection reports. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Test cables on receipt at Project site. 
1. Test each pair of UTP cable for open and short circuits. 


3.2 INSTALLATION OF RACEWAYS AND BOXES 


A. Comply with requirements in Sections 260533 "Raceways for Electrical Systems" 
and 260534 "Boxes for Electrical Systems" for raceway selection and installation re-
quirements for boxes, conduits, and wireways as supplemented or modified in this 
Section. 
1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-


1/2 inches deep. 
2. Flexible metal conduit shall not be used. 


B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of 
bends between pull points. 


C. Install manufactured conduit sweeps and long-radius elbows if possible. 


D. Raceway Installation in Equipment Rooms: 



http://www.specagent.com/Lookup?ulid=6872

http://www.specagent.com/Lookup?uid=123457012586

http://www.specagent.com/Lookup?uid=123457012587

http://www.specagent.com/Lookup?uid=123457012588
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1. Position conduit ends adjacent to a corner on backboard if a single piece of 
plywood is installed, or in the corner of the room if multiple sheets of ply-
wood are installed around perimeter walls of the room. 


2. Install cable trays to route cables if conduits cannot be located in these posi-
tions. 


3. Secure conduits to backboard if entering the room from overhead. 
4. Extend conduits 3 inches above finished floor. 
5. Install metal conduits with grounding bushings and connect with grounding 


conductor to grounding system. 


E. Backboards: Install backboards with 96-inch dimension vertical. Butt adjacent sheets 
tightly and form smooth gap-free corners and joints. 


3.3 INSTALLATION OF CONDUCTORS AND CABLES 


A. Comply with NECA 1 and CEC. 


B. General Requirements for Cabling: 
1. Comply with TIA-568-C Series of standards. 
2. Terminate all conductors; no cable shall contain unterminated elements. 


Make terminations only at indicated outlets, terminals, and cross-connect 
and patch panels. 


3. Cables may not be spliced. 
4. Secure and support cables at intervals not exceeding 30 inches and not 


more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and 
terminals. 


5. Bundle, lace, and train conductors to terminal points without exceeding 
manufacturer's limitations on bending radii, but not less than radii specified 
in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Install lacing 
bars and distribution spools. 


6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not 
splice cable between termination, tap, or junction points. Remove and dis-
card cable if damaged during installation and replace it with new cable. 


7. Cold-Weather Installation: Bring cable to room temperature before dereel-
ing. Do not use heat lamps for heating. 


8. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Ca-
bling Systems." Monitor cable pull tensions. 


9. Support: Do not allow cables to lay on removable ceiling tiles. 
10. Secure: Fasten securely in place with hardware specifically designed and 


installed so as to not damage cables. 


C. UTP Cable Installation: 
1. Comply with TIA-568-C.2. 
2. Install termination hardware as specified in Section 271500 "Communica-


tions Horizontal Cabling" unless otherwise indicated. 
3. Do not untwist UTP cables more than 1/2 inch at the point of termination to 


maintain cable geometry. 


D. Installation of Control-Circuit Conductors: 
1. Install wiring in raceways. Comply with requirements specified in Sec-


tion 260533 "Raceways and Boxes for Electrical Systems." 
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E. Open-Cable Installation: 
1. Install cabling with horizontal and vertical cable guides in telecommunica-


tions spaces with terminating hardware and interconnection equipment. 
2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches 


above ceilings by cable supports not more than 30 inches apart. 
3. Cable shall not be run through or on structural members or in contact with 


pipes, ducts, or other potentially damaging items. Do not run cables be-
tween structural members and corrugated panels. 


F. Separation from EMI Sources: 
1. Comply with BICSI TDMM and TIA-569-B recommendations for separating 


unshielded copper voice and data communications cable from potential EMI 
sources including electrical power lines and equipment. 


2. Separation between open communications cables or cables in nonmetallic 
raceways and unshielded power conductors and electrical equipment shall 
be as follows: 
a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum 


of 5 inches. 
b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A min-


imum of 12 inches. 
c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum 


of 24 inches. 
3. Separation between communications cables in grounded metallic raceways 


and unshielded power lines or electrical equipment shall be as follows: 
a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum 


of 2-1/2 inches. 
b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A min-


imum of 6 inches. 
c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum 


of 12 inches. 
4. Separation between communications cables in grounded metallic raceways 


and power lines and electrical equipment located in grounded metallic con-
duits or enclosures shall be as follows: 
a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No re-


quirement. 
b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A min-


imum of 3 inches. 
c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum 


of 6 inches. 
5. Separation between Communications Cables and Electrical Motors and 


Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inches. 
6. Separation between Communications Cables and Fluorescent Fixtures: A 


minimum of 5 inches. 


3.4 CONTROL-CIRCUIT CONDUCTORS 


A. Minimum Conductor Sizes: 
1. Class 1 remote-control and signal circuits; No 14 AWG. 
2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG. 
3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG. 
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3.5 FIRESTOPPING 


A. Comply with requirements in Section 078413 "Penetration Firestopping." 


B. Comply with TIA-569-B, Annex A, "Firestopping." 


C. Comply with BICSI TDMM, "Firestopping" Chapter. 


3.6 GROUNDING 


A. For data communication wiring, comply with ANSI-J-STD-607-A and with 
BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter. 


B. For low-voltage control wiring and cabling, comply with requirements in Sec-
tion 260526 "Grounding and Bonding for Electrical Systems." 


3.7 IDENTIFICATION 


A. Comply with requirements for identification specified in Section 260553 "Identifica-
tion for Electrical Systems." 


B. Identify data and communications system components, wiring, and cabling accord-
ing to TIA-606-A; label printers shall use label stocks, laminating adhesives, and 
inks complying with UL 969. 


3.8 FIELD QUALITY CONTROL 


A. Perform the following tests and inspections: 
1. Visually inspect UTP cable jacket materials for UL or third-party certification 


markings. Inspect cabling terminations to confirm color-coding for pin as-
signments, and inspect cabling connections to confirm compliance with TIA-
568-C.1. 


2. Visually inspect cable placement, cable termination, grounding and bonding, 
equipment and patch cords, and labeling of all components. 


3. Test UTP cabling for direct-current loop resistance, shorts, opens, intermit-
tent faults, and polarity between conductors. Test operation of shorting bars 
in connection blocks. Test cables after termination but not after cross-
connection. 
a. Test instruments shall meet or exceed applicable requirements in 


TIA-568-C.2. Perform tests with a tester that complies with perfor-
mance requirements in "Test Instruments (Normative)" Annex, com-
plying with measurement accuracy specified in "Measurement Accu-
racy (Informative)" Annex. Use only test cords and adapters that are 
qualified by test equipment manufacturer for channel or link test 
configuration. 


B. Document data for each measurement. Print data for submittals in a summary report 
that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data 
from the instrument to the computer, save as text files, print, and submit. 


C. End-to-end cabling will be considered defective if it does not pass tests and inspec-
tions. 
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D. Prepare test and inspection reports. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. UTP cabling.

		2. RS-485 cabling.

		3. Low-voltage control cabling.

		4. Control-circuit conductors.

		5. Identification products.





		1.3 DEFINITIONS

		A. EMI: Electromagnetic interference.

		B. Low Voltage: As defined in CEC for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.

		C. Plenum: A space forming part of the air distribution system to which one or more air ducts are connected. An air duct is a passageway, other than a plenum, for transporting air to or from heating, ventilating, or air-conditioning equipment.

		D. UTP: Unshielded twisted pair.



		1.4 ACTION SUBMITTALS

		A. Product Data: For each type of product.



		1.5 INFORMATIONAL SUBMITTALS

		A. Qualification Data: For qualified layout technician, installation supervisor, and field inspector.





		PART 2 - PRODUCTS

		2.1 SYSTEM DESCRIPTION

		A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.



		2.2 PERFORMANCE REQUIREMENTS

		A. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to NFPA 262 by a qualified testing agency. Identify products for installation in plenums with appropriate markings of applicable testing agency.

		1. Flame Travel Distance: 60 inches or less.

		2. Peak Optical Smoke Density: 0.5 or less.

		3. Average Optical Smoke Density: 0.15 or less.



		B. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing identical products according to UL 1666.

		C. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As determined by testing identical products according to UL 1685.



		2.3 BACKBOARDS

		A. Description: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches. Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry."

		B. Painting: Paint plywood on all sides and edges with black latex paint. Comply with requirements in Section 099123 "Interior Painting."



		2.4 UTP CABLE

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Belden CDT Networking Division/NORDX.

		2. General Cable; General Cable Corporation.

		3. Superior Essex Inc.



		B. Description: 100-ohm, four-pair UTP.

		1. Comply with ICEA S-90-661 for mechanical properties of Category 5e cables.

		2. Comply with ICEA S-102-700 for mechanical properties of Category 6 cables.

		3. Comply with TIA-568-C.1 for performance specifications.

		4. Comply with TIA-568-C.2, Category 6.

		5. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with NEMA WC 66, UL 444 and CEC for the following types:

		a. Communications, Plenum Rated: Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per CEC, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."

		b. Communications, Riser Rated: Type CMP or Type CMR in metallic conduit installed per CEC, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."

		c. Communications, General Purpose: Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per CEC, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."







		2.5 UTP CABLE HARDWARE

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Belden Inc.

		2. Hubbell Premise Wiring.

		3. Leviton Manufacturing Co., Inc.



		B. General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-C.2, IDC type, with modules designed for punch-down caps or tools. Cables shall be terminated with connecting hardware of same category or higher.

		C. Connecting Blocks:  110-style IDC for Category 6. Provide blocks for the number of cables terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs and jacks where indicated.

		D. Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors at each jack for permanent termination of pair groups of installed cables.

		1. Number of Jacks per Field:  One for each four-pair UTP cable indicated.



		E. Jacks and Jack Assemblies: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular. Comply with TIA/EIA-568-C.1.

		F. Patch Cords: Factory-made, four-pair cables in 36-inch lengths; terminated with eight-position modular plug at each end.

		1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure Category 6 performance. Patch cords shall have latch guards to protect against snagging.

		2. Patch cords shall have color-coded boots for circuit identification.





		2.6 RS-485 CABLE

		A. Standard Cable: CEC, Type CMG.

		1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.

		2. PVC insulation.

		3. Unshielded.

		4. PVC jacket.

		5. Flame Resistance: Comply with UL 1685.



		B. Plenum-Rated Cable: CEC, Type CMP.

		1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.

		2. Fluorinated ethylene propylene insulation.

		3. Unshielded.

		4. Fluorinated ethylene propylene jacket.

		5. Flame Resistance: NFPA 262.





		2.7 LOW-VOLTAGE CONTROL CABLE

		A. Paired Cable: CEC, Type CMG.

		1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors.

		2. PVC insulation.

		3. Unshielded.

		4. PVC jacket.

		5. Flame Resistance: Comply with UL 1685.



		B. Plenum-Rated, Paired Cable: CEC, Type CMP.

		1. One pair, twisted, No. 18 AWG, stranded (19x30) tinned-copper conductors.

		2. PVC insulation.

		3. Unshielded.

		4. PVC jacket.

		5. Flame Resistance: Comply with NFPA 262.





		2.8 CONTROL-CIRCUIT CONDUCTORS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Encore Wire Corporation.

		2. General Cable; General Cable Corporation.

		3. Southwire Company.



		B. Class 1 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway, complying with UL 83.

		C. Class 2 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway, complying with UL 83.

		D. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway, complying with UL 83.



		2.9 SOURCE QUALITY CONTROL

		A. Factory test UTP cables according to TIA-568-C.2.

		B. Cable will be considered defective if it does not pass tests and inspections.

		C. Prepare test and inspection reports.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Test cables on receipt at Project site.

		1. Test each pair of UTP cable for open and short circuits.





		3.2 INSTALLATION OF RACEWAYS AND BOXES

		A. Comply with requirements in Sections 260533 "Raceways for Electrical Systems" and 260534 "Boxes for Electrical Systems" for raceway selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this Section.

		1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2 inches deep.

		2. Flexible metal conduit shall not be used.



		B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends between pull points.

		C. Install manufactured conduit sweeps and long-radius elbows if possible.

		D. Raceway Installation in Equipment Rooms:

		1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the corner of the room if multiple sheets of plywood are installed around perimeter walls of the room.

		2. Install cable trays to route cables if conduits cannot be located in these positions.

		3. Secure conduits to backboard if entering the room from overhead.

		4. Extend conduits 3 inches above finished floor.

		5. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.



		E. Backboards: Install backboards with 96-inch dimension vertical. Butt adjacent sheets tightly and form smooth gap-free corners and joints.



		3.3 INSTALLATION OF CONDUCTORS AND CABLES

		A. Comply with NECA 1 and CEC.

		B. General Requirements for Cabling:

		1. Comply with TIA-568-C Series of standards.

		2. Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, and cross-connect and patch panels.

		3. Cables may not be spliced.

		4. Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.

		5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Install lacing bars and distribution spools.

		6. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.

		7. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use heat lamps for heating.

		8. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems." Monitor cable pull tensions.

		9. Support: Do not allow cables to lay on removable ceiling tiles.

		10. Secure: Fasten securely in place with hardware specifically designed and installed so as to not damage cables.



		C. UTP Cable Installation:

		1. Comply with TIA-568-C.2.

		2. Install termination hardware as specified in Section 271500 "Communications Horizontal Cabling" unless otherwise indicated.

		3. Do not untwist UTP cables more than 1/2 inch at the point of termination to maintain cable geometry.



		D. Installation of Control-Circuit Conductors:

		1. Install wiring in raceways. Comply with requirements specified in Section 260533 "Raceways and Boxes for Electrical Systems."



		E. Open-Cable Installation:

		1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.

		2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches above ceilings by cable supports not more than 30 inches apart.

		3. Cable shall not be run through or on structural members or in contact with pipes, ducts, or other potentially damaging items. Do not run cables between structural members and corrugated panels.



		F. Separation from EMI Sources:

		1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded copper voice and data communications cable from potential EMI sources including electrical power lines and equipment.

		2. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:

		a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inches.

		b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 12 inches.

		c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inches.



		3. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:

		a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-1/2 inches.

		b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 6 inches.

		c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inches.



		4. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:

		a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.

		b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 3 inches.

		c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inches.



		5. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inches.

		6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inches.





		3.4 CONTROL-CIRCUIT CONDUCTORS

		A. Minimum Conductor Sizes:

		1. Class 1 remote-control and signal circuits; No 14 AWG.

		2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.

		3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.





		3.5 FIRESTOPPING

		A. Comply with requirements in Section 078413 "Penetration Firestopping."

		B. Comply with TIA-569-B, Annex A, "Firestopping."

		C. Comply with BICSI TDMM, "Firestopping" Chapter.



		3.6 GROUNDING

		A. For data communication wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter.

		B. For low-voltage control wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems."



		3.7 IDENTIFICATION

		A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		B. Identify data and communications system components, wiring, and cabling according to TIA-606-A; label printers shall use label stocks, laminating adhesives, and inks complying with UL 969.



		3.8 FIELD QUALITY CONTROL

		A. Perform the following tests and inspections:

		1. Visually inspect UTP cable jacket materials for UL or third-party certification markings. Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling connections to confirm compliance with TIA-568-C.1.

		2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.

		3. Test UTP cabling for direct-current loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination but not after cross-connection.

		a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.2. Perform tests with a tester that complies with performance requirements in "Test Instruments (Normative)" Annex, complying with measurement accuracy specified in "Measurement Accuracy (Informative)" Annex. Use only test cords and adapters that are qualified by test equipment manufacturer for channel or link test configuration.





		B. Document data for each measurement. Print data for submittals in a summary report that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the computer, save as text files, print, and submit.

		C. End-to-end cabling will be considered defective if it does not pass tests and inspections.

		D. Prepare test and inspection reports.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SCOPE 


A. Permanently and effectively ground conduit systems, supports, cabinets, 
switchboards, equipment cases, motor frames, lighting standards, landscape 
lighting, etc., and system neutral conductors per National Electrical Code. 


B. Grounding details, symbols and singlelines shown on plans are schematic only.  If 
additional equipment, such as ground rods, clamps, conductors, etc., is required per 
National Electrical Code furnish and install without additional cost to Owner. 


C. Section includes grounding and bonding systems and equipment, plus the following 
special applications: 
1. Underground distribution grounding. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


B. Comply with UL 467 for grounding and bonding materials and equipment. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Manufacturer’s data on grounding and bonding products and associated 
accessories. 


C. Informational Submittals 
1. As-Built Data: Plans showing dimensioned as-built locations of grounding 


features specified in "Field Quality Control" Article, including the following: 
a. Ground rods. 
b. Grounding arrangements and connections for separately derived 


systems. 


D. Closeout Submittals 
1. Operation and Maintenance Data: For grounding to include in emergency, 


operation, and maintenance manuals. 
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a. In addition to items specified in Section 017823 "Operation and 
Maintenance Data," include the following: 
1) Instructions for periodic testing and inspection of grounding 


features at grounding connections for separately derived 
systems based on NETA MTS. 
a) Tests shall determine if ground-resistance or 


impedance values remain within specified 
maximums, and instructions shall recommend 
corrective action if values do not. 


b) Include recommended testing intervals. 


1.5 ACCEPTABLE MANUFACTURERS 


A. Burndy Corporation 


B. Cadweld Division 


C. Crouse-Hinds 


D. Thomas and Betts Corporation 


E. Okonite Company 


F. Tecto Weld 


PART 2 - PRODUCTS 


2.1 GROUNDING MATERIAL 


A. Rod Electrode:  Material to be copper clad steel rod, 3/4 inch diameter with minimum 
10 feet length. 


B. Mechanical Connectors:  Material shall be copper and of sound continuity when 
installed. 


C. Exothermic Connectors:  Material shall be of low emission, electric-start type and of 
sound continuity when installed. 


D. Bare Ground Conductors 
1. Conductor shall be 7-strand annealed copper. 
2. Individual members of stranded conductor shall meet the requirements of 


ASTM B-3. 
3. Stranded conductors shall be assembled in accordance with the 


requirements of ASTM B-8. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in 


diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 


E. Copper wire or cable insulated for 600 V unless otherwise required by applicable 
Code or authorities having jurisdiction. 


F. Insulated Conductor (Equipment grounding conductor) 
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1. Size in accordance with CEC Article 250 unless otherwise shown as 
oversized. 


G. Grounding Well Components 
1. Well Pipe:  Material shall be 8 inch diameter by 24 inch long concrete pipe 


with belled end. 
2. Well Cover:  Material shall be cast iron with the text "GROUND" embossed 


on cover. 


H. Ground Bus Bar 
1. ASTM B187, 98% conductivity copper bus bar, size 4 inches wide by 


1/4inch thick by 24 inches long. Stand-off insulators for mounting shall 
comply with UL 891 for use in switchboards, 600 V and shall be Lexan or 
PVC, impulse tested at 5000 V. 


I. Terminal Lugs 
1. For 4/0 AWG and smaller conductors: Copper compression lugs. 
2. For 250kcmil and larger:  Aluminum mechanical lugs. 


J. Bonding Plates, Connectors, Terminals and Clamps 
1. Bonding Plates, Connectors, Terminals and Clamps: Provide electrical 


bonding plates, connectors, terminals, lugs and clamps as recommended by 
bonding plate, connector, terminal and clamp manufacturers for indicated 
applications. 


2. Listed and labeled by an NRTL acceptable to authorities having jurisdiction 
for applications in which used and for specific types, sizes, and 
combinations of conductors and other items connected. 


3. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 
4. Welded Connectors: Exothermic-welding kits of types recommended by kit 


manufacturer for materials being joined and installation conditions. 
5. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless 


exothermic-type wire terminals, and long-barrel, two-bolt connection to 
ground bus bar. 


K. Jumpers 
1. Copper braided or leaf-type flexible jumper, size as necessary. 


L. Bus Bar Insulators 
1. Fiberglass reinforced polyester insulator with 2 inch diameter threaded holes 


at both ends for bus bar installation. 


M. Electrical Grounding Connection Accessories 
1. Electrical Grounding Connection Accessories: Provide electrical insulating 


tape, heat-shrinkable insulating tubing, welding materials, bonding straps, 
as recommended by accessories manufacturers for type service indicated. 


N. Field Welding 
1. Field Welding: Comply with AWS Code for procedures, appearance, and 


quality of welds; and for methods used in correction welding work. Provide 
welded connections where grounding conductors connect to underground 
grounding and plate electrodes. 
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O. Grounding Resistors 
1. Provide a low-resistance grounding resistor in compliance with the latest 


IEEE-32 standard. 
2. Temperature rise shall not exceed 760 degrees C above an ambient 


temperature of 30 degrees C for a ten-second duration. 
3. Neutral grounding relays shall be set to protect the resistor and clear the 


fault within ten-seconds. 
4. For resistors above 600V, an applied high potential test shall be performed 


equal to 2.25 times the rated voltage, plus 2000 volts. 
5. Grounding resistors shall be UL or CSA listed and labeled. 


PART 3 - EXECUTION 


3.1 GENERAL 


A. Install electrical grounding and bonding systems as indicated, in accordance with 
manufacturer’s instructions and applicable portions of CEC, NECA’s Standard of 
Installation, and in accordance with recognized industry practices to ensure that 
products comply with requirements. 


B. Coordinate with other electrical work as necessary to interface installation of 
electrical grounding and bonding system work with other work. 


C. Ground each separately-derived system neutral to nearest cold water piping and 
electrically continuous building steel. 


D. Connect together system neutral, service equipment enclosures, electrically 
continuous building steel, exposed non-current carrying metal parts of electrical 
equipment, metal raceway systems, grounding conductor in raceways and cables, 
receptacle ground connectors, and plumbing systems. 


E. Apply corrosion-resistant finish to field-connections, buried metallic grounding and 
bonding products, and places where factory applied protective coatings have been 
destroyed, which are subjected to corrosive action. 


3.2 APPLICATIONS 


A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded 
conductors for No. 6 AWG and larger unless otherwise indicated. 


B. Underground Grounding Conductors: Install bare copper conductor, No. 2/0 AWG 
minimum. 
1. Bury at least 24 inches below grade. 
2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when 


indicated as part of duct-bank installation. 


C. Isolated Grounding Conductors: Green-colored insulation with continuous yellow 
stripe. On feeders with isolated ground, identify grounding conductor where visible to 
normal inspection, with alternating bands of green and yellow tape, with at least 
three bands of green and two bands of yellow. 


D.C. Grounding Bus: Install in electrical equipment rooms, in rooms housing service 
equipment, in telecom rooms, and elsewhere as indicated. 
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1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6-
24 inches above finished floor unless otherwise indicated. 


2. Where indicated on both sides of doorways, route bus up to top of door 
frame, across top of doorway, and down; connect to horizontal bus. 


E.D. Conductor Terminations and Connections: 
1. Pipe and Equipment Grounding Conductor Terminations (above ground and 


accessible): Bolted connectors. 
2. Pipe and Equipment Grounding Conductor Terminations (underground and 


inaccessible locations): Exothermic connectors. 
3. Underground Connections: Welded connectors except at test wells and as 


otherwise indicated. 
4. Connections to Ground Rods at Test Wells: Bolted connectors. 
5. Connections to Structural Steel: Welded connectors. 


3.3 GROUNDING AT THE SERVICE 


A. Provide service ground bar consisting of a copper bus bar with a minimum of six 
ground studs,.  See details on drawings.  Terminate all ground conductors at service 
ground box.  Locate at accessible location in main electrical room or as otherwise 
indicated.  Engrave cover "Service Ground Electrode".  Where additional ground 
boxes are indicated, provide similar construction. 


B. Ufer Ground (Concrete-Encased Grounding Electrode):  Fabricate according to 
NFPA 70; use a minimum of 30 feet of bare copper conductor not smaller than size 
shown in Service Ground Conductor Table. 
1. Extend full length and embed along bottom of building concrete foundation 


in direct contact with earth, supported to provide 2” concrete encasement 
minimum. If concrete foundation is less than 30 feet long, coil excess 
conductor within base of foundation. 


2. Bond grounding conductor to reinforcing steel in at least four locations.   
3. Extend to foundation reinforcing steel. 


C. Provide, in accessible location, exothermic bond to a minimum of two steel columns 
or to reinforcing of two concrete columns with insulated ground conductor in steel 
conduit to service ground box. 


D. Grounding and Bonding for Piping: 
1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in 


conduit, from building's main service equipment, or grounding bus, to main 
metal water service entrances to building.  Connect grounding conductors to 
main metal water service pipes; use a bolted clamp connector or bolt a lug-
type connector to a pipe flange by using one of the lug bolts of the flange.  
Where a dielectric main water fitting is installed, connect grounding 
conductor on street side of fitting.  Bond metal grounding conductor conduit 
or sleeve to conductor at each end. 


2. Water Meter Piping:  Use bonding jumpers to electrically bypass water 
meters.  Connect to pipe with a bolted connector. 


3. Bond each aboveground portion of gas piping system downstream from 
equipment shutoff valve. 







SAN DIEGO STATE UNIVERSITY           SECTION 260526 
EIS COMPLEX                        GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 260526 - 6 Michael Wall Engineering 


E. Extend neutral and equipment ground from service switchboard or switchgear 
(ahead of service mains and neutral bus link) with insulated conductor in steel 
conduit to ground box. 


F.E. Extend separately derived system grounds to ground bus bar when located in same 
building as service.  In separate buildings, provide separate service grounds. 


G.F. Service Ground Conductor: Per the NEC 
 


Service (or Transformer 
Secondary) 


Amperes 


Embedded 
AWG 


Cold Water & Service Ground 
Conduit - AWG 


400A and Less 1/0 1" – 1/0 
500A - 800A 2/0 1” – 2/0 


900A - 2000A 4/0 1” – 4/0 
2500A & Larger 500 KCMIL 1 ¼” – 500 KCMIL 


H.G. Where required to obtain specified resistance to ground, drive additional ground 
rods, number as required, and connect to ground bus bar with insulated conductor in 
steel conduit. 


I. Where ground loop is provided in main electrical room, extend both ends of loop 
conductor to service ground box in steel conduit. 


3.4 GROUNDING SEPARATELY DERIVED SYSTEMS 


A. Ground transformers and uninterruptible power supplies from neutral bus or bushing 
to main service ground at service ground box.  In electrical rooms remote from the 
service ground, provide separately derived system grounds 


B. Generator: Install grounding electrode(s) at the generator location. The electrode 
shall be connected to the equipment grounding conductor and to the frame of the 
generator. 


C. For electrical rooms in contact with grade, provide 25' length of bare copper 
conductor embedded along bottom of closest 30' or longer building concrete 
foundation and extend to ground main ground barbox located in electrical room, as 
described for service ground.  Bond from ground boxmain ground bar to cold water 
pipe (2" minimum), and to steel beam or column with insulated conductor in steel 
conduit. 


D. For electrical rooms above grade, provide ground as for rooms on grade to ground 
boxmain ground bar located in the closest electrical room on grade or in location as 
indicated.  Extend transformer and/or generator ground to grade level ground 
boxmain ground bar. 


E. Where foundation embedded ground is not practical, provide, where acceptable to 
enforcing agency, a minimum of four driven rods located at the corners of the room 
and made accessible through hand holes.  Loop a bare copper cable (sized for 
largest transformer) below the slab.  Ground from ground boxmain ground bar to 
cold water pipe (2" minimum) and steel beam or column with insulated conductor in 
steel conduit. 
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3.5 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 


A. Comply with IEEE C2 grounding requirements. 


B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or 
handhole floor, close to wall, and set rod depth so 4 inches will extend above 
finished floor. If necessary, install ground rod before manhole is placed and provide 
No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole through a 
waterproof sleeve in manhole wall. Protect ground rods passing through concrete 
floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk 
insulating sleeve from 2 inches above to 6 inches below concrete. Seal floor opening 
with waterproof, nonshrink grout. 


C.B. Grounding Connections to Manhole Components: Bond exposed-metal parts such 
as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole 
or handhole, to ground rod or grounding conductor. Make connections with 
No. 4 AWG minimum, stranded, hard-drawn copper bonding conductor. Train 
conductors level or plumb around corners and fasten to manhole walls. Connect to 
cable armor and cable shields according to written instructions by manufacturer of 
splicing and termination kits. 


D.C. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring 
around the pad. Ground pad-mounted equipment and noncurrent-carrying metal 
items associated with substations by connecting them to underground cable and 
grounding electrodes. Install tinned-copper conductor not less than No. 2 AWG for 
ground ring and for taps to equipment grounding terminals. Bury ground ring not less 
than 6 inches from the foundation. 


3.6 EQUIPMENT GROUNDING 


A. Install insulated equipment grounding conductors with all feeders and branch 
circuits.  
1. Terminate each end on suitable lug, bus, bushing or device. 
2. For parallel feeders or circuits, run ground in each conduit.  Refer to 


schedule on drawings. 
3. For lighting circuits, connect ground wire to fixture ground lead where 


available or bond to fixture housing by mechanical means. 
4. Connect grounding conductors to ground busses in panels, motor control 


centers and switchboards, and to terminals on devices, and bond to all 
equipment. 


5. Bond feeder grounds to all metallic pull and junction boxes if feeder is 
spliced in the junction box. 


6. Provide copper ground conductor, sized not less than following (up to 600V 
systems): 


 
Circuit Device 
Setting 
(Amperes) 


Up 
 to  
20 


25  
to  
60 


70  
to 
100 


110 
to 
200 


225 
to 
500 


550 
to 
600 


700 
to 
800 


Ground 
Conductor Size 
(AWG) 


12 10 8 6 2 1 1/0 
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B. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to 
duct-mounted electrical devices operating at 120 V and more, including air cleaners, 
heaters, dampers, humidifiers, and other duct electrical equipment. Bond conductor 
to each unit and to air duct and connected metallic piping. 


C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate 
insulated equipment grounding conductor to each electric water heater and heat-
tracing cable. Bond conductor to heater units, piping, connected equipment, and 
components. 


D. Gas and Sprinkler Piping Systems: Install a separate insulated equipment grounding 
conductor to each system. Bond conductor to piping, connected equipment, and 
components, 


E. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding 
conductor connected to the receptacle grounding terminal. Isolate conductor from 
raceway and from panelboard grounding terminals. Terminate at equipment 
grounding conductor terminal of the applicable derived system or service unless 
otherwise indicated. 


F.D. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a 
branch circuit or feeder, isolate equipment enclosure from supply circuit raceway 
with a nonmetallic raceway fitting listed for the purpose. Install fitting where raceway 
enters enclosure, and install a separate insulated equipment grounding conductor. 
Isolate conductor from raceway and from panelboard grounding terminals. 
Terminate at equipment grounding conductor terminal of the applicable derived 
system or service unless otherwise indicated. 


G.E. Poles Supporting Outdoor Lighting Fixtures: Install grounding conductor with branch-
circuit conductors. 


3.7 INSTALLATION 


A. Grounding Conductors: Route along shortest and straightest paths possible unless 
otherwise indicated or required by Code. Avoid obstructing access or placing 
conductors where they may be subjected to strain, impact, or damage. 


B. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade 
unless otherwise indicated. 
1. Interconnect ground rods with grounding electrode conductor below grade 


and as otherwise indicated. Make connections without exposing steel or 
damaging coating if any. 


2. For grounding electrode system, install at least three rods spaced at least 
one-rod length from each other and located at least the same distance from 
other grounding electrodes, and connect to the service grounding electrode 
conductor. 


C. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes 
are specified in Section 260543 "Underground Ducts and Raceways for Electrical 
Systems," and shall be at least 12 inches deep, with cover. 
1. Test Wells: Install at least one test well for each service unless otherwise 


indicated. Install at the ground rod electrically closest to service entrance. 
Set top of test well flush with finished grade or floor. 
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D. Bonding Straps and Jumpers: Install in locations accessible for inspection and 
maintenance except where routed through short lengths of conduit. 
1. Bonding to Structure: Bond straps directly to basic structure, taking care not 


to penetrate any adjacent parts. 
2. Bonding to Equipment Mounted on Vibration Isolation Hangers and 


Supports: Install bonding so vibration is not transmitted to rigidly mounted 
equipment. 


3. Use exothermic-welded connectors for outdoor locations; if a disconnect-
type connection is required, use a bolted clamp. 


E. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding 
conductors of associated fans, blowers, electric heaters, and air cleaners. 
Installbonding jumper to bond across flexible duct connections to achieve continuity. 


F.E. Install ground clamps specifically designed for grounding purposes. Where 
grounded conductor is in conduit, use ground clamp which grounds both conductor 
and conduit. Strap metal is not acceptable for grounding and bonding. 


G.F. Grounding bushing shall be used wherever conduits are grounded. 


H.G. Motors or equipment rated at 480V shall have bonded ground jumpers from feeder 
conduit to motor frame. 


I.H. Provide grounding well pipe with cover at rod locations where indicated. Install well 
pipe top flush with finished grade. 


J. Isolated Ground 
1. Provide isolated grounding conductor for circuits supplying isolated ground 


receptacles.  Ground conductor will be sized per CEC unless otherwise 
noted to be of larger size. 


2. Isolated ground conductor shall be routed through panel and to transformer 
ground for 208V or 120V systems.  Isolated ground shall be routed to 
distributed rod electrode for 480V or 277V systems. 


3.8 GROUND RESISTANCE TESTING 


A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”. 


END OF SECTION 
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PART 1 - GENERAL  


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 2605000) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


C. Related Requirements: 
1. Section 260548.16 "Seismic Controls for Electrical Systems" for products 


and installation requirements necessary for compliance with seismic criteria. 


1.2 SUMMARY 


A. Section Includes: 
1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and regula-
tions of the local government having jurisdiction, including the regulations of serving 
utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s require-
ments, instructions, or recommendations prior to installation.  The actual dimen-
sions, weights, clearance requirements and installation requirements shall be veri-
fied and coordinated by the contractor. 


D. Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500. 


B. Action Submittals 
1. Product Data: For each type of product. 


a. Include construction details, material descriptions, dimensions of in-
dividual components and profiles, and finishes for the following: 
1) Hangers. 
2) Steel slotted support systems. 
3) Trapeze hangers. 
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4) Clamps. 
5) Brackets. 


b. Include rated capacities and furnished specialties and accessories. 
2. Shop Drawings: Signed and sealed by a qualified professional engineer. For 


fabrication and installation details for electrical hangers and support sys-
tems. 
a. Trapeze hangers. Include product data for components. 
b. Steel slotted-channel systems. 
c. Equipment supports. 
d. Vibration Isolation Base Details: Detail fabrication, including anchor-


ages and attachments to structure and to supported equipment. In-
clude adjustable motor bases, rails, and frames for equipment 
mounting. 


3. Delegated-Design Submittal: For hangers and supports for electrical sys-
tems. 
a. Include design calculations and details of trapeze hangers. 
b. Include design calculations for seismic restraints. 


C. Informational Submittals 
1. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to 


scale, on which the following items are shown and coordinated with each 
other, using input from installers of the items involved: 
a. Suspended ceiling components. 
b. Structural members to which hangers and supports will be attached. 
c. Size and location of initial access modules for acoustical tile. 
d. Items penetrating finished ceiling, including the following: 


1) Lighting fixtures. 
2) Air outlets and inlets. 
3) Speakers. 
4) Sprinklers. 
5) Access panels. 


2. Seismic Qualification Certificates: For hangers and supports for electrical 
equipment and systems, accessories, and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage provi-
sions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


3. Welding certificates. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS  


A. Delegated Design: Engage a qualified professional engineer, as defined in Sec-
tion 014000 "Quality Requirements," to design hanger and support system. 


B. Seismic Performance: Hangers and supports shall withstand the effects of earth-
quake motions determined according to ASCE/SEI 7. 
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1. The term "withstand" means "the supported equipment and systems will re-
main in place without separation of any parts when subjected to the seismic 
forces specified." 


2. Component Importance Factor:  1.25. 


2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 


A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated compo-
nents for field assembly. 
1. Available Manufacturers: Subject to compliance with requirements, manu-


facturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Cooper B-Line, Inc.; a division of Cooper Industries. 
b. Thomas & Betts Corporation. 
c. Unistrut; Tyco International, Ltd. 


2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied accord-
ing to MFMA-4. 


3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or poly-
ester coating applied according to MFMA-4. 


4. Painted Coatings:  Manufacturer's standard painted coating applied accord-
ing to MFMA-4. 


5. Channel Dimensions:  Selected for applicable load criteria. 
6. Protect finishes on exposed surfaces from damage by applying a strippable, 


temporary protective covering before shipping. 


B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 


C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, 
designed for types and sizes of raceway or cable to be supported. 


D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting 
of threaded body and insulating wedging plug or plugs for non-armored electrical 
conductors or cables in riser conduits.  Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables sup-
ported.  Body shall be malleable iron. 


E. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting 
of threaded body and insulating wedging plug or plugs for nonarmored electrical 
conductors or cables in riser conduits. Plugs shall have number, size, and shape of 
conductor gripping pieces as required to suit individual conductors or cables sup-
ported. Body shall be made of malleable iron. 


1. Spacing not to exceed the following: 
 


Conductor Size (AWG) Support Spacing (Feet) 
1/0 and Smaller 100 
2/0 through 4/0 80 


250 kcmil through 350 kcmil 60 
500 kcmil 50 
750 kcmil 40 


F. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel 
plates, shapes, and bars; black and galvanized. 
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G. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical 
items or their supports to building surfaces include the following and shall be com-
patible with all building surfaces and materials: 
1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened port-


land cement concrete, steel, or wood, with tension, shear, and pullout ca-
pacities appropriate for supported loads and building materials where used. 
a. Available Manufacturers:  Subject to compliance with requirements, 


manufacturers offering products that may be incorporated into the 
work include, but are not limited to, the following: 
1) Hilti Inc. 
2) ITW Ramset/Red Head; a division of Illinois Tool Works, 


Inc. 
2. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel for out-


door and steel for indoor, for use in hardened portland cement concrete with 
tension, shear, and pullout capacities appropriate for supported loads and 
building materials in which used. 
a. Available Manufacturers:  Subject to compliance with requirements, 


manufacturers offering products that may be incorporated into the 
Work include, but are not limited to, the following: 
1) Hilti Inc. 
2) ITW Ramset/Red Head; a division of Illinois Tool Works, 


Inc. 
3. Concrete Inserts:  Steel or malleable-iron, slotted support system units simi-


lar to MSS Type 18; complying with MFMA-4 or MSS SP-58. 
4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suit-


able for attached structural element. 
5. Through Bolts:  Structural type, hex head, and high strength.  Comply with 


ASTM A 325. 
6. Toggle Bolts:  All-steel springhead type. 
7. Hanger Rods:  Threaded steel. 


2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 


A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit 
dimensions of supported equipment. 


B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for 
steel shapes and plates. 


PART 3 - EXECUTION 


3.1 APPLICATION 


A. Comply with NECA 1 and NECA 101 for application of hangers and supports for 
electrical equipment and systems except if requirements in this Section are stricter. 


B. Comply with requirements for raceways and boxes specified in Section 260533 
"Raceways for Electrical Systems" and Section 260534 "Boxes for Electrical Sys-
tems." 


C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space 
supports for EMT, IMC, and GRC as required by the CEC.  Minimum rod size shall 
be 3/8 inch in diameter. 
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D. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel 
slotted support system, sized so capacity can be increased by at least 25 percent in 
future without exceeding specified design load limits. 


E. Spring-steel clamps designed for supporting single conduits without bolts may be 
used for 1-1/2-inch and smaller raceways serving branch circuits and communica-
tion systems above suspended ceilings and for fastening raceways to trapeze sup-
ports. 


F. Support vertical conduits passing through sleeves with UL approved riser clamps 
secured to the conduit and resting on the building structure.  Support vertical con-
duits 1¼” and larger a minimum of once and on 15' centers maximum.  For vertical 
conduits smaller than 1¼" provide standoffs on 8' centers maximum.  Support con-
duits adjacent to walls with preformed channels.  Support freestanding risers with 
conduit racks of angle iron or channel iron members, rigidly bolted or welded togeth-
er and adequately braced.  For securing vertical conduits 1" or smaller to metal 
studs, horizontal ¼" diameter steel pencil rods tied with No. 16 gauge galvanized 
steel, twisted tie wires, is acceptable. 


G. Install rigid steel conduit with threaded couplings.  Support conduits 1" and larger on 
10' intervals, smaller than 1" on 7' intervals, all sizes within 3' of connection to box, 
cabinet or fitting. 


H. Support electric metallic tubing on maximum spacing of 10' and within 3' of connec-
tions to box, cabinet or fitting including couplings. 


I. Support flexible metal conduit on 4' intervals, within 1' of outlet box or fitting (except 
at connections to recessed lighting fixtures) and within 2' of vibrating equipment. 


J. Support gutter and wireways at 5' intervals and at changes of direction, in a manner 
to allow full access. 


K. Attach to field poured concrete with preset inserts for conduits 3" and larger and with 
preset inserts or steel wedge screw anchors for smaller sizes.  Shot driven studs are 
not permitted without written approval from the Architect.  Submit size, quantity and 
approximate weight with request to use shot driven studs.  Secure conduit with cast 
conduit clamps and cadmium plated machine or lag screws. 


L. Attach to plaster, dry wall or hollow masonry walls with metal toggle bolts. 


M. Attach to solid masonry walls with steel wedge anchors. 


N. Do not fasten rigid conduit or tubing to equipment subject to vibration or mounted on 
shock mounts. 


O. Secure conduits 1¼" and smaller to steel deck where permitted by Architect with 
cast or malleable iron conduit clamps and 1" minimum cadmium plated or galva-
nized sheet metal screws. 


P. Where attaching to steel members, use beam clamp, welded threaded studs or ma-
chine screws. 
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Q. Where not otherwise specified herein, support all sizes of suspended conduit from 
structure with factory made pipe hangers with split hinged malleable iron or springa-
ble steel pipe rings and solid round mild steel rods, ¼" diameter for up to 1¼" con-
duit, 3/8" diameter up to 2" conduit and ½" diameter for larger conduit.  Friction type 
conduit support hardware and attachments are not acceptable.  Where required 
conduit spacing is more frequent than available structural members, provide inter-
mediate steel support as required. 


R. Provide trapeze type hangers where three or more conduits run parallel and clamp 
conduit to hanger.  Provide diagonal seismic bracing for suspended runs of conduits 
2" trade size and larger.  Use unistrut type channel for trapeze assemblies.  Lathing 
channels are not acceptable. 


S. Provide plated or galvanized hangers, threaded, rods, channels and metallic support 
and fastening material or provide two coats of rust resistant paint, in all damp or cor-
rosive locations (e.g., vehicle maintenance garage, labs). 


T. Do not use perforated metal strap or wood as support material. 


U. Support conduit to structure above suspended ceilings 3" minimum above ceiling to 
allow removal of tile.  Do not support from T-bars or T-bar hanger wires.  Maintain 2" 
clearance above recessed light fixtures. 


V. Above fixed ceiling and in stud walls, tie conduit 1" or smaller to furring, support 
channels capable of carrying the weight, or studs with No. 16 gauge galvanized wire 
ties 4' on center, maximum. 


W. Attached to precast or prestressed concrete as described under applicable sections 
of the specifications.  Coordinate installation of precast unistrut or inserts where re-
quired, or obtain written approval from the Architect of alternate support methods. 


3.2 SUPPORT INSTALLATION 


A. Comply with NECA 1 and NECA 101 for installation requirements except as speci-
fied in this Article. 


B. Strength of Support Assemblies: Where not indicated, select sizes of components so 
strength will be adequate to carry present and future static loads within specified 
loading limits. Minimum static design load used for strength determination shall be 
weight of supported components plus 200 lb. 


C. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor 
and fasten electrical items and their supports to building structural elements by the 
following methods unless otherwise indicated by code: 
1. To Wood: Fasten with lag screws or through bolts. 
2. To New Concrete: Bolt to concrete inserts using mechanical expansion an-


chors. 
3. To Masonry: Approved toggle-type bolts on hollow masonry units and ex-


pansion anchor fasteners on solid masonry units. 
4. To Existing Concrete: Expansion anchor fasteners. 
5. Instead of expansion anchors, powder-actuated driven threaded studs pro-


vided with lock washers and nuts may be used in existing standard-weight 
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concrete 4 inches thick or greater. Do not use for anchorage to lightweight-
aggregate concrete or for slabs less than 4 inches thick. 


6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), comply-
ing with MSS SP-69. 


7. To Light Steel: Sheet metal screws. 
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount 


cabinets, panelboards, disconnect switches, control enclosures, pull and 
junction boxes, transformers, and other devices on slotted-channel racks at-
tached to substrate by means that comply with seismic-restraint strength 
and anchorage requirements. 


D. Drill holes for expansion anchors in concrete at locations and to depths that avoid 
the need for reinforcing bars. 


3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 


A. Comply with installation requirements in Section 055000 "Metal Fabrications" for 
site-fabricated metal supports. 


B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, 
and elevation to support and anchor electrical materials and equipment. 


C. Field Welding: Comply with AWS D1.1/D1.1M. 


3.4 CONCRETE BASES 


A. Construct concrete bases of dimensions indicated but not less than 4 inches larger 
in both directions than supported unit, and so anchors will be a minimum of 10 bolt 
diameters from edge of the base. 


B. Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, rein-
forcement, and placement requirements are specified in Section 033000 "Cast-in-
Place Concrete." 


C. Anchor equipment to concrete base as follows: 
1. Place and secure anchorage devices. Use supported equipment manufac-


turer's setting drawings, templates, diagrams, instructions, and directions 
furnished with items to be embedded. 


2. Install anchor bolts to elevations required for proper attachment to support-
ed equipment. 


3. Install anchor bolts according to anchor-bolt manufacturer's written instruc-
tions. 


3.5 PAINTING 


A. Touchup: Comply with requirements in Section 099113 "Exterior Painting" and Sec-
tion 099123 "Interior Painting" for cleaning and touchup painting of field welds, bolt-
ed connections, and abraded areas of shop paint on miscellaneous metal. 
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B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and ap-
ply galvanizing-repair paint to comply with ASTM A 780. 


END OF SECTION 
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		3) Trapeze hangers.

		4) Clamps.

		5) Brackets.



		b. Include rated capacities and furnished specialties and accessories.



		2. Shop Drawings: Signed and sealed by a qualified professional engineer. For fabrication and installation details for electrical hangers and support systems.

		a. Trapeze hangers. Include product data for components.

		b. Steel slotted-channel systems.

		c. Equipment supports.

		d. Vibration Isolation Base Details: Detail fabrication, including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.



		3. Delegated-Design Submittal: For hangers and supports for electrical systems.

		a. Include design calculations and details of trapeze hangers.

		b. Include design calculations for seismic restraints.





		C. Informational Submittals

		1. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:

		a. Suspended ceiling components.

		b. Structural members to which hangers and supports will be attached.

		c. Size and location of initial access modules for acoustical tile.

		d. Items penetrating finished ceiling, including the following:

		1) Lighting fixtures.

		2) Air outlets and inlets.

		3) Speakers.

		4) Sprinklers.

		5) Access panels.





		2. Seismic Qualification Certificates: For hangers and supports for electrical equipment and systems, accessories, and components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		3. Welding certificates.







		PART 2 - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS 

		A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality Requirements," to design hanger and support system.

		B. Seismic Performance: Hangers and supports shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the supported equipment and systems will remain in place without separation of any parts when subjected to the seismic forces specified."

		2. Component Importance Factor:  1.25.





		2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

		A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly.

		1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

		a. Cooper B-Line, Inc.; a division of Cooper Industries.

		b. Thomas & Betts Corporation.

		c. Unistrut; Tyco International, Ltd.



		2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.

		3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.

		4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.

		5. Channel Dimensions:  Selected for applicable load criteria.

		6. Protect finishes on exposed surfaces from damage by applying a strippable, temporary protective covering before shipping.



		B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.

		C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.

		D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables supported.  Body shall be malleable iron.

		E. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as required to suit individual conductors or cables supported. Body shall be made of malleable iron.

		1. Spacing not to exceed the following:



		F. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, and bars; black and galvanized.

		G. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports to building surfaces include the following and shall be compatible with all building surfaces and materials:

		1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.

		a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the work include, but are not limited to, the following:

		1) Hilti Inc.

		2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.





		2. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel for outdoor and steel for indoor, for use in hardened portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in which used.

		a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

		1) Hilti Inc.

		2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.





		3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58.

		4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.

		5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.

		6. Toggle Bolts:  All-steel springhead type.

		7. Hanger Rods:  Threaded steel.





		2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

		A. Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.

		B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes and plates.





		PART 3 - EXECUTION

		3.1 APPLICATION

		A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.

		B. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways for Electrical Systems" and Section 260534 "Boxes for Electrical Systems."

		C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, and GRC as required by the CEC.  Minimum rod size shall be 3/8 inch in diameter.

		D. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.

		E. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze supports.

		F. Support vertical conduits passing through sleeves with UL approved riser clamps secured to the conduit and resting on the building structure.  Support vertical conduits 1¼” and larger a minimum of once and on 15' centers maximum.  For vertical conduits smaller than 1¼" provide standoffs on 8' centers maximum.  Support conduits adjacent to walls with preformed channels.  Support freestanding risers with conduit racks of angle iron or channel iron members, rigidly bolted or welded together and adequately braced.  For securing vertical conduits 1" or smaller to metal studs, horizontal ¼" diameter steel pencil rods tied with No. 16 gauge galvanized steel, twisted tie wires, is acceptable.

		G. Install rigid steel conduit with threaded couplings.  Support conduits 1" and larger on 10' intervals, smaller than 1" on 7' intervals, all sizes within 3' of connection to box, cabinet or fitting.

		H. Support electric metallic tubing on maximum spacing of 10' and within 3' of connections to box, cabinet or fitting including couplings.

		I. Support flexible metal conduit on 4' intervals, within 1' of outlet box or fitting (except at connections to recessed lighting fixtures) and within 2' of vibrating equipment.

		J. Support gutter and wireways at 5' intervals and at changes of direction, in a manner to allow full access.

		K. Attach to field poured concrete with preset inserts for conduits 3" and larger and with preset inserts or steel wedge screw anchors for smaller sizes.  Shot driven studs are not permitted without written approval from the Architect.  Submit size, quantity and approximate weight with request to use shot driven studs.  Secure conduit with cast conduit clamps and cadmium plated machine or lag screws.

		L. Attach to plaster, dry wall or hollow masonry walls with metal toggle bolts.

		M. Attach to solid masonry walls with steel wedge anchors.

		N. Do not fasten rigid conduit or tubing to equipment subject to vibration or mounted on shock mounts.

		O. Secure conduits 1¼" and smaller to steel deck where permitted by Architect with cast or malleable iron conduit clamps and 1" minimum cadmium plated or galvanized sheet metal screws.

		P. Where attaching to steel members, use beam clamp, welded threaded studs or machine screws.

		Q. Where not otherwise specified herein, support all sizes of suspended conduit from structure with factory made pipe hangers with split hinged malleable iron or springable steel pipe rings and solid round mild steel rods, ¼" diameter for up to 1¼" conduit, 3/8" diameter up to 2" conduit and ½" diameter for larger conduit.  Friction type conduit support hardware and attachments are not acceptable.  Where required conduit spacing is more frequent than available structural members, provide intermediate steel support as required.

		R. Provide trapeze type hangers where three or more conduits run parallel and clamp conduit to hanger.  Provide diagonal seismic bracing for suspended runs of conduits 2" trade size and larger.  Use unistrut type channel for trapeze assemblies.  Lathing channels are not acceptable.

		S. Provide plated or galvanized hangers, threaded, rods, channels and metallic support and fastening material or provide two coats of rust resistant paint, in all damp or corrosive locations (e.g., vehicle maintenance garage, labs).

		T. Do not use perforated metal strap or wood as support material.

		U. Support conduit to structure above suspended ceilings 3" minimum above ceiling to allow removal of tile.  Do not support from T-bars or T-bar hanger wires.  Maintain 2" clearance above recessed light fixtures.

		V. Above fixed ceiling and in stud walls, tie conduit 1" or smaller to furring, support channels capable of carrying the weight, or studs with No. 16 gauge galvanized wire ties 4' on center, maximum.

		W. Attached to precast or prestressed concrete as described under applicable sections of the specifications.  Coordinate installation of precast unistrut or inserts where required, or obtain written approval from the Architect of alternate support methods.



		3.2 SUPPORT INSTALLATION

		A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.

		B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits. Minimum static design load used for strength determination shall be weight of supported components plus 200 lb.

		C. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:

		1. To Wood: Fasten with lag screws or through bolts.

		2. To New Concrete: Bolt to concrete inserts using mechanical expansion anchors.

		3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.

		4. To Existing Concrete: Expansion anchor fasteners.

		5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 4 inches thick or greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 4 inches thick.

		6. To Steel:  Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-69.

		7. To Light Steel: Sheet metal screws.

		8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate by means that comply with seismic-restraint strength and anchorage requirements.



		D. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for reinforcing bars.



		3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

		A. Comply with installation requirements in Section 055000 "Metal Fabrications" for site-fabricated metal supports.

		B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.

		C. Field Welding: Comply with AWS D1.1/D1.1M.



		3.4 CONCRETE BASES

		A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.

		B. Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, reinforcement, and placement requirements are specified in Section 033000 "Cast-in-Place Concrete."

		C. Anchor equipment to concrete base as follows:

		1. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

		2. Install anchor bolts to elevations required for proper attachment to supported equipment.

		3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.





		3.5 PAINTING

		A. Touchup: Comply with requirements in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting" for cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal.

		B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


C. Related Requirements: 
1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" 


for exterior ductbanks, manholes, and underground utility construction. 
2. Section 280528 "Pathways for Electronic Safety and Security" for conduits, 


surface pathways, innerduct, boxes, and faceplate adapters serving 
electronic safety and security. 


1.2 SUMMARY 


A. Section Includes: 
1. Metal conduits, tubing, and fittings. 
2. Nonmetal conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Surface raceways. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


1.4 SUBMITTALS 


A. Action Submittals 
1. Product Data: For surface raceways, wireways and fittings. 
2. LEED Submittals: 


a. Product Data for Credit IEQ 4.1: For solvent cements and adhesive 
primers, documentation including printed statement of VOC content. 


3. Shop Drawings: For custom enclosures and cabinets. Include plans, 
elevations, sections, and attachment details. 
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B. Informational Submittals 
1. Seismic Qualification Certificates: For conduit racks and their mounting 


provisions, including those for internal components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Detailed description of conduit support devices and interconnections 


on which the certification is based and their installation 
requirements. 


PART 2 - PRODUCTS 


2.1 RIGID GALVANIZED STEEL (RGS) CONDUIT 


A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled 
as defined in CEC, by a qualified testing agency, and marked for intended location 
and application. 


B. Continuous hot-dipped galvanized manufactured per UL and ANSI requirement. 


C. Rigid aluminum conduit is not acceptable, except where required by MRI 
manufacturer. 


D. Conduit bodies for use with steel conduit, rigid or flexible, shall be manufactured per 
UL requirements and shall be cast metal with gasketed closures. 


E. Fittings for RGS conduit shall be malleable iron or forged steel with cadmium or zinc 
coating. 


F. Rigid Steel Conduit: Use threaded or threadless fittings if needed rigid steel conduit 
fittings unless otherwise indicated. Comply with NEMA FB 2.10. 


G. Union couplings for joining rigid conduit at intermediate runs shall be of the same 
material as the conduit.  Couplings shall be threaded concrete-tight to permit 
completing conduit runs when neither conduit can be turned and to permit breaking 
the conduit run at the union. 


H. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 


I. Joint Compound for GRC: Approved, as defined in CEC, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and 
protect threaded conduit joints from corrosion and to enhance their conductivity. 


J. Minimum raceway size shall not be less than ¾”. 


2.2 ELECTRICAL METALLIC TUBING (EMT) 


A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled 
as defined in CEC, by a qualified testing agency, and marked for intended location 
and application. 
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B. Conduit shall be cold rolled zinc coated steel and manufactured per UL and ANSI 
requirements. 


C. Fittings for EMT shall be watertight steel or malleable gripping ring compression type 
at outdoor locations. 


D. Pressure cast material for nuts of compression ring type fittings are not acceptable.  
Set-screw connections are acceptable when installed indoors only. 


E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 


F. Minimum raceway size shall be ¾”. 


2.3 FLEXIBLE METALLIC CONDUIT 


A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled 
as defined in CEC, by a qualified testing agency, and marked for intended location 
and application. 


B. Flexible conduit shall bear the UL label and be zinc coated steel. 


C. Fittings for flexible metallic conduit shall be steel or malleable iron.  Fittings shall 
clamp to conduit securely. 


D. Screw in type, sheet metal or set-screw type fittings are not acceptable. 


E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 


F. Minimum raceway size shall not be less than ¾” or sized to match factory 
connections. 


2.4 LIQUID TIGHT FLEXIBLE CONDUIT 


A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled 
as defined in CEC, by a qualified testing agency, and marked for intended location 
and application. 


B. Conduit shall be manufactured in accordance with UL and ANSI requirements.  
Conduit shall be approved for grounding and compatible with approved fittings.  
Flexible steel conduit shall be hot dipped galvanized with extruded PVC covering 
manufactured per UL requirements. 


C. Fittings shall be liquid tight type with body and gland nut of steel or malleable iron 
with provisions for grounding flexible conduit to fittings. 


D. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 
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E. Minimum raceway size shall be ¾” or sized to match factory connection points. 


2.5 PVC-COATED STEEL CONDUIT: PVC-COATED RIGID STEEL CONDUIT. 


A. Comply with NEMA RN 1. 


B. Coating Thickness: 0.040 inch, minimum. 


C. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this 
type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after 
installing conduits and fittings. Use sealant recommended by fitting manufacturer 
and apply in thickness and number of coats recommended by manufacturer. 


D. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with 
overlapping sleeves protecting threaded joints. 


E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 


F. Minimum raceway size shall be ¾”. 


2.6 POLYVINYL CHLORIDE (PVC) CONDUIT 


A. PVC shall be constructed of a virgin homopolymer PVC compound and be 
manufactured according to NEMA and UL specifications.  PVC conduit shall be 
Schedule 40 or 80. 


B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and 
labeled as defined in CEC, by a qualified testing agency, and marked for intended 
location and application. 


C. Ducts for Electrical Cables More than 600 V: RNC, NEMA Type EPC-40-PVC, in 
concrete-encased duct bank unless otherwise indicated. 


D. Ducts for Electrical Feeders 600 V and Less: RNC, NEMA Type EPC-40-PVC, in 
direct-buried duct bank unless otherwise indicated. 


E. Ducts for Electrical Branch Circuits: RNC, NEMA Type EPC-40-PVC, in direct-buried 
duct bank unless otherwise indicated. 


F. Ducts Crossing Driveways and Roadways: RNC, NEMA Type EPC-40-PVC, 
encased in concrete. 


G. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and 
material. 


H. Solvent cements and adhesive primers shall have a VOC content of 510 and 
550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D 
(EPA Method 24). 
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I. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type 
and size of ducts with which used, and selected to provide minimum duct spacing 
indicated while supporting ducts during concreting or backfilling. 


J. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, 
rated for environmental conditions where installed, and including flexible external 
bonding jumper. 


K. Minimum raceway size shall be ¾”. 


2.7 METAL WIREWAYS AND AUXILIARY GUTTERS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Hoffman; a brand of Pentair Equipment Protection. 
3. Square D. 


B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless 
otherwise indicated, and sized according to CEC. 
1. Metal wireways installed outdoors shall be listed and labeled as defined in 


CEC, by a qualified testing agency, and marked for intended location and 
application. 


C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion 
joints, adapters, hold-down straps, end caps, and other fittings to match and mate 
with wireways as required for complete system. 


D. Wireway Covers:  Screw-cover type unless otherwise indicated. 


E. Finish: Manufacturer's standard enamel finish. 


2.8 SURFACE RACEWAYS 


A. Listing and Labeling: Surface raceways and tele-power poles shall be listed and 
labeled as defined in CEC, by a qualified testing agency, and marked for intended 
location and application. 


B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with 
UL 5. Prime coated, ready for field painting. 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. Hubbell Incorporated; Wiring Device-Kellems; Hubbell Surface 


Metal raceway. 
b. Panduit Corp. 
c. Wiremold / Legrand. 


C. Tele-Power Poles: 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. Panduit Corp. 



http://www.specagent.com/Lookup?ulid=1749

http://www.specagent.com/Lookup?uid=123456895858

http://www.specagent.com/Lookup?uid=123456895860

http://www.specagent.com/Lookup?uid=123456895861

http://www.specagent.com/Lookup?ulid=1751

http://www.specagent.com/Lookup?uid=123457007171

http://www.specagent.com/Lookup?uid=123456895866

http://www.specagent.com/Lookup?uid=123456895868

http://www.specagent.com/Lookup?ulid=1753

http://www.specagent.com/Lookup?uid=123456895871
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b. Wiremold / Legrand. 
2. Material:  Galvanized steel with ivory baked-enamel finish. 
3. Fittings and Accessories: Dividers, end caps, covers, cutouts, wiring 


harnesses, devices, mounting materials, and other fittings shall match and 
mate with tele-power pole as required for complete system. 


PART 3 - EXECUTION 


3.1 RIGID GALVANIZED STEEL (RGS) CONDUIT 


A. RGS shall be used where exposed to weather or where subject to physical damage 
in exposed areas below 8'0" above finished floor. 


B. RGS shall be used in CEC classified hazardous locations with seal connections per 
CEC requirements. 


3.2 ELECTRICAL METALLIC TUBING (EMT) 


A. EMT shall be run indoors concealed in drywall type construction, above suspended 
ceilings, and exposed indoors not less than 8'0" above finished floor in unfinished 
areas where subject to physical damage. 


B. EMT shall not be installed underground, outdoors, or embedded in concrete. 


3.3 FLEXIBLE METALLIC CONDUIT 


A. Flexible conduit shall be used for indoor lighting connections in suspended ceiling 
areas and shall not exceed 6'0" in length. 


B. Flexible conduit shall be used for final connection to control equipment and not to 
exceed 2'0" in length. 


C. The conduit grounding system shall be continuous as recommended by the 
manufacturer and UL approved. 


3.4 LIQUID TIGHT FLEXIBLE CONDUIT 


A. Liquid tight flexible conduit shall be used for final connection to machines, motors, 
transformers and equipment that requires vibration isolation. 


B. Liquid tight flexible conduit shall be used for final connection to equipment in wet or 
damp locations or where exposed to grease, water, dust, dirt, vapors, or chemicals. 


C. The conduit grounding system shall be continuous as recommended by the 
manufacturer and UL requirements. 


3.5 POLYVINYL CHLORIDE (PVC) CONDUIT 


A. All sweeps, bends, and risers shall be concrete encased Schedule 40. 


B. All underground high voltage conduit, telephone conduit, service entrance conduit 
and feeders 100A and over shall have 3" of red mixed concrete cover and a metallic 
locating tape installed 6” above the top of the conduit. 



http://www.specagent.com/Lookup?uid=123456895869
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C. All PVC conduit feeders shall contain a copper green grounding conductor sized per 
CEC requirements and continuity shall be maintained throughout conduit runs and 
pullboxes. 


3.6 CONDUIT INSTALLATION 


A. All conduit installation methods shall comply with the 2013 edition of the California 
Electrical Code and the authority having jurisdiction. 


B. All conduit installations shall comply with the manufacturer’s installation 
requirements. 


C. Install nonferrous conduit or tubing for circuits operating above 60 Hz or areas 
designated by MRI manufacturer. Where aluminum raceways are installed for such 
circuits and pass through concrete, install in nonmetallic sleeve. 


D. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 


E. Install surface raceways only where indicated on Drawings. 


F. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F. 


G. Comply with NECA 1 and NECA 101 for installation requirements except where 
requirements on Drawings or in this article are stricter. Comply with NECA 102 for 
aluminum conduits. Comply with CEC limitations for types of raceways allowed in 
specific occupancies and number of floors. 


H. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping. 


I. Complete raceway installation before starting conductor installation. 


J. Comply with requirements in Section 260529 "Supports and Hangers for Electrical 
Systems" for hangers and supports. 


K. Arrange stub-ups so curved portions of bends are not visible above finished slab. 


L. Install no more than the equivalent of four 90-degree bends in any conduit run. 
Support within 12 inches of changes in direction. 


M. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise 
indicated. Install conduits parallel or perpendicular to building lines. 


N. Support conduit per the California Electrical Code. 


O. Raceways Embedded in Slabs: 
1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 


reinforcement. Where at right angles to reinforcement, place conduit close 
to slab support. Secure raceways to reinforcement at maximum 10-
footintervals. 


2. Arrange raceways to cross building expansion joints at right angles with 
expansion fittings. 
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3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all 
directions. 


4. Do not embed threadless fittings in concrete unless specifically approved by 
Architect for each specific location. 


P. Stub-ups to Above Recessed Ceilings: 
1. Use EMT or RGS for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not 


terminated in hubs or in an enclosure. 


Q. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: 
Apply listed compound to threads of raceway and fittings before making up joints. 
Follow compound manufacturer's written instructions. 


R. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing 
conductive compound prior to assembly. 


S. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating 
bushings to protect conductors including conductors smaller than No. 4 AWG. 


T. Terminate threaded conduits into threaded hubs or with locknuts on inside and 
outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size 
and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits 
terminated with locknuts. Install insulated throat metal grounding bushings on 
service conduits. 


U. Install raceways square to the enclosure and terminate at enclosures with locknuts. 
Install locknuts hand tight plus 1/4 turn more. 


V. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 
coatings in the locknut area prior to assembling conduit to enclosure to assure a 
continuous ground path. 


W. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, 
use roll cutter or a guide to make cut straight and perpendicular to the length. 


X. All spare conduit shall be cleaned, mandrelled, and provided with a pullwire. Use 
polypropylene or monofilament plastic line with not less than 200-lb tensile strength. 
Leave at least 12 inches of slack at each end of pull wire. Cap underground 
raceways designated as spare above grade alongside raceways in use. 


Y. Surface Raceways: 
1. Install surface raceway with a minimum 2-inch radius control at bend points. 
2. Secure surface raceway with screws or other anchor-type devices at 


intervals not exceeding 48 inches and with no less than two supports per 
straight raceway section. Support surface raceway according to 
manufacturer's written instructions. Tape and glue are not acceptable 
support methods. 


Z. Install raceway sealing fittings at accessible locations according to CEC and fill them 
with listed sealing compound. For concealed raceways, install each fitting in a flush 
steel box with a blank cover plate having a finish similar to that of adjacent plates or 
surfaces. Install raceway sealing fittings according to CEC. 
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AA. Install devices to seal raceway interiors at accessible locations. Locate seals so no 
fittings or boxes are between the seal and the following changes of environments. 
Seal the interior of all raceways at the following points: 
1. Where conduits pass from warm to cold locations, such as boundaries of 


refrigerated spaces. 
2. Where an underground service raceway enters a building or structure. 
3. Where otherwise required by CEC. 


BB. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 


CC. Expansion-Joint Fittings: 
1. Install in each run of aboveground RGS and EMT conduit that is located 


where environmental temperature change may exceed 100 deg F and that 
has straight-run length that exceeds 100 feet. 


2. Install type and quantity of fittings that accommodate temperature change 
listed for each of the following locations: 
a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F 


temperature change. 
b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F 


temperature change. 
c. Indoor Spaces Connected with Outdoors without Physical 


Separation:  125 deg F temperature change. 
d. Attics:  135 deg F temperature change. 


3. Install fitting(s) that provide expansion and contraction for at least 0.00041 
inch per foot of length of straight run per deg F of temperature change for 
PVC conduits. Install fitting(s) that provide expansion and contraction for at 
least 0.000078 inch per foot of length of straight run per deg F of 
temperature change for metal conduits. 


4. Install expansion fittings at all locations where conduits cross building or 
structure expansion joints using flexible conduit with slack. 


5. Install each expansion-joint fitting with position, mounting, and piston setting 
selected according to manufacturer's written instructions for conditions at 
specific location at time of installation. Install conduit supports to allow for 
expansion movement. 


DD. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for 
Electrical Raceways and Cabling." 


EE. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply 
with requirements in Section 078413 "Penetration Firestopping." 


FF. Protect coatings, finishes, and cabinets from damage and deterioration. 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by 


manufacturer. 
2. Repair damage to PVC coatings or paint finishes with matching touchup 


coating recommended by manufacturer. 


3.7 INSTALLATION OF UNDERGROUND CONDUIT 


A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with 
final arrangement of other utilities, site grading, and surface features as determined 
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in the field. Notify Architect if there is a conflict between areas of excavation and 
existing structures or archaeological sites to remain. 


B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, 
and boxes with final locations and profiles of ducts and duct banks, as determined 
by coordination with other utilities, underground obstructions, and surface features. 
Revise locations and elevations as required to suit field conditions and to ensure 
that duct runs drain to manholes and handholes, and as approved by Architect. 


C. Clear and grub vegetation to be removed, and protect vegetation to remain 
according to Section 311000 "Site Clearing." Remove and stockpile topsoil for 
reapplication according to Section 311000 "Site Clearing." 


D. Install ducts according to NEMA TCB 2. 


E. Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes 
and away from buildings and equipment. Slope ducts from a high point in runs 
between two manholes, to drain in both directions. 


F. Curves and Bends: Use 5-degree angle couplings for small changes in direction. 
Use manufactured  bends with a minimum radius of 24 inches, both horizontally and 
vertically, at other locations unless otherwise indicated. 


G. Joints: Use solvent-cemented joints in ducts and fittings and make watertight 
according to manufacturer's written instructions. Stagger couplings so those of 
adjacent ducts do not lie in same plane. 


H. Installation Adjacent to High-Temperature Steam Lines: Where duct banks are 
installed parallel to underground steam lines, perform calculations showing the duct 
bank will not be subject to environmental temperatures above 40 deg C. Where 
environmental temperatures are calculated to rise above 40 deg C, and anywhere 
the duct bank crosses above an underground steam line, install insulation blankets 
listed for direct burial to isolate the duct bank from the steam line. 


I. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use 
end bells. 
1. Grout end bells into structure walls from both sides to provide watertight 


entrances. 


J. Building Wall Penetrations: Install conduit penetrations of building walls as specified 
in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling." 


K. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. 
Seal spare ducts at terminations. Use sealing compound and plugs to withstand at 
least 15-psig hydrostatic pressure. 


L. Pulling Cord: Install 100-lbf- test nylon cord in empty ducts. 


M. Concrete-Encased Ducts: Support ducts on duct separators. 
1. Excavate trench bottom to provide firm and uniform support for duct bank. 


Prepare trench bottoms as specified in Section 312000 "Earth Moving" for 
pipes less than 6 inches in nominal diameter. 


2. Depth: Install top of duct bank per CEC and AHJ.  
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3. Support ducts on duct separators coordinated with duct size, duct spacing, 
and outdoor temperature. 


4. Separator Installation: Space separators close enough to prevent sagging 
and deforming of ducts, with not less than four five spacers per 20 feet of 
duct. Secure separators to earth and to ducts to prevent floating during 
concreting. 


5. Minimum Space between Ducts: 3 inches between ducts and exterior 
envelope wall, 2 inches between ducts for like services, and 4 inches 
between power and signal ducts. 


6. Elbows: Use manufactured duct elbows for stub-ups at poles and 
equipment, at building entrances through floor, and at changes of direction 
in duct run unless otherwise indicated. Extend concrete encasement 
throughout length of elbow. 


7. Reinforcement: Reinforce concrete-encased duct banks where they cross 
disturbed earth and where indicated. Arrange reinforcing rods and ties 
without forming conductive or magnetic loops around ducts or duct groups. 


8.7. Forms: Use walls of trench to form side walls of duct bank where soil is self-
supporting and concrete envelope can be poured without soil inclusions; 
otherwise, use forms. 


9.8. Concrete Cover: Install a minimum of 3 inches of concrete cover at top and 
bottom, and a minimum of 2 inches on each side of duct bank. 


10.9. Concreting Sequence: Pour each run of envelope between manholes or 
other terminations in one continuous operation. 
a. Start at one end and finish at the other, allowing for expansion and 


contraction of ducts as their temperature changes during and after 
the pour. Use expansion fittings installed according to 
manufacturer's written recommendations, or use other specific 
measures to prevent expansion-contraction damage. 


b. If more than one pour is necessary, terminate each pour in a vertical 
plane and install 3/4-inch reinforcing-rod dowels extending a 
minimum of 18 inches into concrete on both sides of joint near 
corners of envelope. 


11.10. Pouring Concrete: Comply with requirements in "Concrete Placement" 
Article in Section 033000 "Cast-in-Place Concrete." Place concrete carefully 
during pours to prevent voids under and between conduits and at exterior 
surface of envelope. Do not allow a heavy mass of concrete to fall directly 
onto ducts. Allow concrete to flow to center of bank and rise up in middle, 
uniformly filling all open spaces. Do not use power-driven agitating 
equipment unless specifically designed for duct-bank application. 


N. Direct-Buried Conduit: 
1. Excavate trench bottom to provide firm and uniform support for conduit. 


Prepare trench bottom as specified in Section 312000 "Earth Moving" for 
pipe less than 6 inches in nominal diameter. 


2. Install backfill as specified in Section 312000 "Earth Moving." 
3. Support ducts on duct separators coordinated with duct size, duct spacing, 


and outdoor temperature. 
4. Space separators close enough to prevent sagging and deforming of ducts, 


with not less than four spacers per 20 feet of duct. Secure separators to 
earth and to ducts to prevent displacement during backfill and yet permit 
linear duct movement due to expansion and contraction as temperature 
changes. Stagger spacers approximately 6 inches between tiers. 


5. Depth: Install top of duct bank per CEC and AHJ. 
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6. Set elevation of bottom of duct bank below frost line. 
7. Install ducts with a minimum of 2 inches between ducts for like services and 


6 inches between power and signal ducts. 
8. Elbows: Install manufactured duct elbows for stub-ups at poles and 


equipment, at building entrances through floor, and at changes of direction 
in duct run unless otherwise indicated. Encase elbows for stub-up ducts 
throughout length of elbow. 


O. Warning Tape: Bury warning tape approximately 12 inches above all concrete-
encased ducts and duct banks. Align tape parallel to and within 3 inches of 
centerline of duct bank. Provide an additional warning tape for each 12-inch 
increment of duct-bank width over a nominal 18 inches. Space additional tapes 12 
inches apart, horizontally. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.

		C. Related Requirements:

		1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, manholes, and underground utility construction.

		2. Section 280528 "Pathways for Electronic Safety and Security" for conduits, surface pathways, innerduct, boxes, and faceplate adapters serving electronic safety and security.





		1.2 SUMMARY

		A. Section Includes:

		1. Metal conduits, tubing, and fittings.

		2. Nonmetal conduits, tubing, and fittings.

		3. Metal wireways and auxiliary gutters.

		4. Surface raceways.





		1.3 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.



		1.4 SUBMITTALS

		A. Action Submittals

		1. Product Data: For surface raceways, wireways and fittings.

		2. LEED Submittals:

		a. Product Data for Credit IEQ 4.1: For solvent cements and adhesive primers, documentation including printed statement of VOC content.



		3. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.



		B. Informational Submittals

		1. Seismic Qualification Certificates: For conduit racks and their mounting provisions, including those for internal components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Detailed description of conduit support devices and interconnections on which the certification is based and their installation requirements.









		PART 2 - PRODUCTS

		2.1 RIGID GALVANIZED STEEL (RGS) CONDUIT

		A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. Continuous hot-dipped galvanized manufactured per UL and ANSI requirement.

		C. Rigid aluminum conduit is not acceptable, except where required by MRI manufacturer.

		D. Conduit bodies for use with steel conduit, rigid or flexible, shall be manufactured per UL requirements and shall be cast metal with gasketed closures.

		E. Fittings for RGS conduit shall be malleable iron or forged steel with cadmium or zinc coating.

		F. Rigid Steel Conduit: Use threaded or threadless fittings if needed rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.

		G. Union couplings for joining rigid conduit at intermediate runs shall be of the same material as the conduit.  Couplings shall be threaded concrete-tight to permit completing conduit runs when neither conduit can be turned and to permit breaking the conduit run at the union.

		H. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		I. Joint Compound for GRC: Approved, as defined in CEC, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

		J. Minimum raceway size shall not be less than ¾”.



		2.2 ELECTRICAL METALLIC TUBING (EMT)

		A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. Conduit shall be cold rolled zinc coated steel and manufactured per UL and ANSI requirements.

		C. Fittings for EMT shall be watertight steel or malleable gripping ring compression type at outdoor locations.

		D. Pressure cast material for nuts of compression ring type fittings are not acceptable.  Set-screw connections are acceptable when installed indoors only.

		E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		F. Minimum raceway size shall be ¾”.



		2.3 FLEXIBLE METALLIC CONDUIT

		A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. Flexible conduit shall bear the UL label and be zinc coated steel.

		C. Fittings for flexible metallic conduit shall be steel or malleable iron.  Fittings shall clamp to conduit securely.

		D. Screw in type, sheet metal or set-screw type fittings are not acceptable.

		E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		F. Minimum raceway size shall not be less than ¾” or sized to match factory connections.



		2.4 LIQUID TIGHT FLEXIBLE CONDUIT

		A. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. Conduit shall be manufactured in accordance with UL and ANSI requirements.  Conduit shall be approved for grounding and compatible with approved fittings.  Flexible steel conduit shall be hot dipped galvanized with extruded PVC covering manufactured per UL requirements.

		C. Fittings shall be liquid tight type with body and gland nut of steel or malleable iron with provisions for grounding flexible conduit to fittings.

		D. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		E. Minimum raceway size shall be ¾” or sized to match factory connection points.



		2.5 PVC-COATED STEEL CONDUIT: PVC-COATED RIGID STEEL CONDUIT.

		A. Comply with NEMA RN 1.

		B. Coating Thickness: 0.040 inch, minimum.

		C. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings. Use sealant recommended by fitting manufacturer and apply in thickness and number of coats recommended by manufacturer.

		D. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.

		E. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		F. Minimum raceway size shall be ¾”.



		2.6 POLYVINYL CHLORIDE (PVC) CONDUIT

		A. PVC shall be constructed of a virgin homopolymer PVC compound and be manufactured according to NEMA and UL specifications.  PVC conduit shall be Schedule 40 or 80.

		B. Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		C. Ducts for Electrical Cables More than 600 V: RNC, NEMA Type EPC-40-PVC, in concrete-encased duct bank unless otherwise indicated.

		D. Ducts for Electrical Feeders 600 V and Less: RNC, NEMA Type EPC-40-PVC, in direct-buried duct bank unless otherwise indicated.

		E. Ducts for Electrical Branch Circuits: RNC, NEMA Type EPC-40-PVC, in direct-buried duct bank unless otherwise indicated.

		F. Ducts Crossing Driveways and Roadways: RNC, NEMA Type EPC-40-PVC, encased in concrete.

		G. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.

		H. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

		I. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type and size of ducts with which used, and selected to provide minimum duct spacing indicated while supporting ducts during concreting or backfilling.

		J. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.

		K. Minimum raceway size shall be ¾”.



		2.7 METAL WIREWAYS AND AUXILIARY GUTTERS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Cooper B-Line, Inc.; a division of Cooper Industries.

		2. Hoffman; a brand of Pentair Equipment Protection.

		3. Square D.



		B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise indicated, and sized according to CEC.

		1. Metal wireways installed outdoors shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.



		C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.

		D. Wireway Covers:  Screw-cover type unless otherwise indicated.

		E. Finish: Manufacturer's standard enamel finish.



		2.8 SURFACE RACEWAYS

		A. Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5. Prime coated, ready for field painting.

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Hubbell Incorporated; Wiring Device-Kellems; Hubbell Surface Metal raceway.

		b. Panduit Corp.

		c. Wiremold / Legrand.





		C. Tele-Power Poles:

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Panduit Corp.

		b. Wiremold / Legrand.



		2. Material:  Galvanized steel with ivory baked-enamel finish.

		3. Fittings and Accessories: Dividers, end caps, covers, cutouts, wiring harnesses, devices, mounting materials, and other fittings shall match and mate with tele-power pole as required for complete system.







		PART 3 - EXECUTION

		3.1 RIGID GALVANIZED STEEL (RGS) CONDUIT

		A. RGS shall be used where exposed to weather or where subject to physical damage in exposed areas below 8'0" above finished floor.

		B. RGS shall be used in CEC classified hazardous locations with seal connections per CEC requirements.



		3.2 ELECTRICAL METALLIC TUBING (EMT)

		A. EMT shall be run indoors concealed in drywall type construction, above suspended ceilings, and exposed indoors not less than 8'0" above finished floor in unfinished areas where subject to physical damage.

		B. EMT shall not be installed underground, outdoors, or embedded in concrete.



		3.3 FLEXIBLE METALLIC CONDUIT

		A. Flexible conduit shall be used for indoor lighting connections in suspended ceiling areas and shall not exceed 6'0" in length.

		B. Flexible conduit shall be used for final connection to control equipment and not to exceed 2'0" in length.

		C. The conduit grounding system shall be continuous as recommended by the manufacturer and UL approved.



		3.4 LIQUID TIGHT FLEXIBLE CONDUIT

		A. Liquid tight flexible conduit shall be used for final connection to machines, motors, transformers and equipment that requires vibration isolation.

		B. Liquid tight flexible conduit shall be used for final connection to equipment in wet or damp locations or where exposed to grease, water, dust, dirt, vapors, or chemicals.

		C. The conduit grounding system shall be continuous as recommended by the manufacturer and UL requirements.



		3.5 POLYVINYL CHLORIDE (PVC) CONDUIT

		A. All sweeps, bends, and risers shall be concrete encased Schedule 40.

		B. All underground high voltage conduit, telephone conduit, service entrance conduit and feeders 100A and over shall have 3" of red mixed concrete cover and a metallic locating tape installed 6” above the top of the conduit.

		C. All PVC conduit feeders shall contain a copper green grounding conductor sized per CEC requirements and continuity shall be maintained throughout conduit runs and pullboxes.



		3.6 CONDUIT INSTALLATION

		A. All conduit installation methods shall comply with the 2013 edition of the California Electrical Code and the authority having jurisdiction.

		B. All conduit installations shall comply with the manufacturer’s installation requirements.

		C. Install nonferrous conduit or tubing for circuits operating above 60 Hz or areas designated by MRI manufacturer. Where aluminum raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.

		D. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

		E. Install surface raceways only where indicated on Drawings.

		F. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

		G. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. Comply with CEC limitations for types of raceways allowed in specific occupancies and number of floors.

		H. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. Install horizontal raceway runs above water and steam piping.

		I. Complete raceway installation before starting conductor installation.

		J. Comply with requirements in Section 260529 "Supports and Hangers for Electrical Systems" for hangers and supports.

		K. Arrange stub-ups so curved portions of bends are not visible above finished slab.

		L. Install no more than the equivalent of four 90-degree bends in any conduit run. Support within 12 inches of changes in direction.

		M. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.

		N. Support conduit per the California Electrical Code.

		O. Raceways Embedded in Slabs:

		1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement. Where at right angles to reinforcement, place conduit close to slab support. Secure raceways to reinforcement at maximum 10-footintervals.

		2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.

		3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all directions.

		4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.



		P. Stub-ups to Above Recessed Ceilings:

		1. Use EMT or RGS for raceways.

		2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.



		Q. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.

		R. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.

		S. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.

		T. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated throat metal grounding bushings on service conduits.

		U. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.

		V. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

		W. Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.

		X. All spare conduit shall be cleaned, mandrelled, and provided with a pullwire. Use polypropylene or monofilament plastic line with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap underground raceways designated as spare above grade alongside raceways in use.

		Y. Surface Raceways:

		1. Install surface raceway with a minimum 2-inch radius control at bend points.

		2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches and with no less than two supports per straight raceway section. Support surface raceway according to manufacturer's written instructions. Tape and glue are not acceptable support methods.



		Z. Install raceway sealing fittings at accessible locations according to CEC and fill them with listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings according to CEC.

		AA. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all raceways at the following points:

		1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.

		2. Where an underground service raceway enters a building or structure.

		3. Where otherwise required by CEC.



		BB. Comply with manufacturer's written instructions for solvent welding RNC and fittings.

		CC. Expansion-Joint Fittings:

		1. Install in each run of aboveground RGS and EMT conduit that is located where environmental temperature change may exceed 100 deg F and that has straight-run length that exceeds 100 feet.

		2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:

		a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature change.

		b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature change.

		c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F temperature change.

		d. Attics:  135 deg F temperature change.



		3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per deg F of temperature change for PVC conduits. Install fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of length of straight run per deg F of temperature change for metal conduits.

		4. Install expansion fittings at all locations where conduits cross building or structure expansion joints using flexible conduit with slack.

		5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation. Install conduit supports to allow for expansion movement.



		DD. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

		EE. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."

		FF. Protect coatings, finishes, and cabinets from damage and deterioration.

		1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.

		2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.





		3.7 INSTALLATION OF UNDERGROUND CONDUIT

		A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Architect if there is a conflict between areas of excavation and existing structures or archaeological sites to remain.

		B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of ducts and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. Revise locations and elevations as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as approved by Architect.

		C. Clear and grub vegetation to be removed, and protect vegetation to remain according to Section 311000 "Site Clearing." Remove and stockpile topsoil for reapplication according to Section 311000 "Site Clearing."

		D. Install ducts according to NEMA TCB 2.

		E. Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment. Slope ducts from a high point in runs between two manholes, to drain in both directions.

		F. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use manufactured  bends with a minimum radius of 24 inches, both horizontally and vertically, at other locations unless otherwise indicated.

		G. Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to manufacturer's written instructions. Stagger couplings so those of adjacent ducts do not lie in same plane.

		H. Installation Adjacent to High-Temperature Steam Lines: Where duct banks are installed parallel to underground steam lines, perform calculations showing the duct bank will not be subject to environmental temperatures above 40 deg C. Where environmental temperatures are calculated to rise above 40 deg C, and anywhere the duct bank crosses above an underground steam line, install insulation blankets listed for direct burial to isolate the duct bank from the steam line.

		I. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells.

		1. Grout end bells into structure walls from both sides to provide watertight entrances.



		J. Building Wall Penetrations: Install conduit penetrations of building walls as specified in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

		K. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig hydrostatic pressure.

		L. Pulling Cord: Install 100-lbf- test nylon cord in empty ducts.

		M. Concrete-Encased Ducts: Support ducts on duct separators.

		1. Excavate trench bottom to provide firm and uniform support for duct bank. Prepare trench bottoms as specified in Section 312000 "Earth Moving" for pipes less than 6 inches in nominal diameter.

		2. Depth: Install top of duct bank per CEC and AHJ. 

		3. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor temperature.

		4. Separator Installation: Space separators close enough to prevent sagging and deforming of ducts, with not less than four five spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent floating during concreting.

		5. Minimum Space between Ducts: 3 inches between ducts and exterior envelope wall, 2 inches between ducts for like services, and 4 inches between power and signal ducts.

		6. Elbows: Use manufactured duct elbows for stub-ups at poles and equipment, at building entrances through floor, and at changes of direction in duct run unless otherwise indicated. Extend concrete encasement throughout length of elbow.

		1. Reinforcement: Reinforce concrete-encased duct banks where they cross disturbed earth and where indicated. Arrange reinforcing rods and ties without forming conductive or magnetic loops around ducts or duct groups.

		7. Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting and concrete envelope can be poured without soil inclusions; otherwise, use forms.

		8. Concrete Cover: Install a minimum of 3 inches of concrete cover at top and bottom, and a minimum of 2 inches on each side of duct bank.

		9. Concreting Sequence: Pour each run of envelope between manholes or other terminations in one continuous operation.

		a. Start at one end and finish at the other, allowing for expansion and contraction of ducts as their temperature changes during and after the pour. Use expansion fittings installed according to manufacturer's written recommendations, or use other specific measures to prevent expansion-contraction damage.

		a. If more than one pour is necessary, terminate each pour in a vertical plane and install 3/4-inch reinforcing-rod dowels extending a minimum of 18 inches into concrete on both sides of joint near corners of envelope.



		10. Pouring Concrete: Comply with requirements in "Concrete Placement" Article in Section 033000 "Cast-in-Place Concrete." Place concrete carefully during pours to prevent voids under and between conduits and at exterior surface of envelope. Do not allow a heavy mass of concrete to fall directly onto ducts. Allow concrete to flow to center of bank and rise up in middle, uniformly filling all open spaces. Do not use power-driven agitating equipment unless specifically designed for duct-bank application.



		N. Direct-Buried Conduit:

		1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom as specified in Section 312000 "Earth Moving" for pipe less than 6 inches in nominal diameter.

		2. Install backfill as specified in Section 312000 "Earth Moving."

		3. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor temperature.

		4. Space separators close enough to prevent sagging and deforming of ducts, with not less than four spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent displacement during backfill and yet permit linear duct movement due to expansion and contraction as temperature changes. Stagger spacers approximately 6 inches between tiers.

		5. Depth: Install top of duct bank per CEC and AHJ.

		6. Set elevation of bottom of duct bank below frost line.

		7. Install ducts with a minimum of 2 inches between ducts for like services and 6 inches between power and signal ducts.

		8. Elbows: Install manufactured duct elbows for stub-ups at poles and equipment, at building entrances through floor, and at changes of direction in duct run unless otherwise indicated. Encase elbows for stub-up ducts throughout length of elbow.



		O. Warning Tape: Bury warning tape approximately 12 inches above all concrete-encased ducts and duct banks. Align tape parallel to and within 3 inches of centerline of duct bank. Provide an additional warning tape for each 12-inch increment of duct-bank width over a nominal 18 inches. Space additional tapes 12 inches apart, horizontally.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Boxes, enclosures, and cabinets. 
2. Handholes and boxes for exterior underground cabling. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Action Submittals 
1. Product Data: For floor boxes, hinged-cover enclosures, and cabinets. 
2. LEED Submittals: 


a. Product Data for Credit IEQ 4.1: For solvent cements and adhesive 
primers, documentation including printed statement of VOC content. 


3. Shop Drawings: For custom enclosures and cabinets. Include plans, 
elevations, sections, and attachment details. 


C. Information Submittals 
1. Seismic Qualification Certificates: For enclosures and cabinets and their 


mounting provisions, including those for internal components, from 
manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
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b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 
gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


d. Detailed description of conduit support devices and interconnections 
on which the certification is based and their installation 
requirements. 


PART 2 - PRODUCTS 


A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, 
and cabinets installed in wet locations shall be listed for use in wet locations. 


B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 
1. Boxes shall be flat rolled steel sized as required by code and as suitable for 


the application.  Boxes shall have mounting holes and knock-outs in sides 
and back.  Grounding shall be accommodated by means of threaded holes. 


2. Boxes installed outdoors shall be weathertight, dusttight, and corrosion 
resistant.  Provide gaskets and conduit hubs. 


C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, 
Type FD, with gasketed cover. 


D. Metal Floor Boxes: 
1. Material: Watertight cast iron units in slabs on grade.  Galvanized steel, 


concrete tight, in suspended slabs. 
2. Type:  Fully adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined 


in CEC, by a qualified testing agency, and marked for intended location and 
application. 


E. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire 
weighing 50 lb. Outlet boxes designed for attachment of luminaires weighing more 
than 50 lb shall be listed and marked for the maximum allowable weight. 


F. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan 
weighing 70 lb. 
1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as 


defined in CEC, by a qualified testing agency, and marked for intended 
location and application. 


G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 


H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and 
UL 1773, galvanized, cast iron with gasketed cover. 


I. Box extensions used to accommodate new building finishes shall be of same 
material as recessed box. 


J. Device Box Dimensions:  4 inches square by 2-1/8 inches deep. 
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K. Gangable boxes are allowed. 


L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with 
continuous-hinge cover with flush latch unless otherwise indicated. 
1. Metal Enclosures: Steel, finished inside and out with manufacturer's 


standard enamel. 
2. Interior Panels: Steel; all sides finished with manufacturer's standard 


enamel. 


M. Cabinets: 
1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and 


removable front, finished inside and out with manufacturer's standard 
enamel. 


2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 


N. Accessory feet where required for freestanding equipment. Acceptable 
manufacturers shall be Appleton, Crouse Hinds, Steel City, or Raco. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. All box installation methods shall comply with the 2013 edition of the California 
Electrical Code and the authority having jurisdiction. 


B. Comply with requirements in Section 260529 "Supports and Hangers for Electrical 
Systems" for hangers and supports. 


C. Provide accessories, extension rings, gaskets, supports, trim rings, hangers, straps, 
and other material as necessary for a complete code complying installation. 


D. Install all boxes plumb, square, and securely fastened to structure. 


E. Boxes shall be placed such that they are readily accessible. 


F. Provide additional support for boxes as necessary when mounting fixtures or 
devices from boxes. 


G. Provide ganged boxes for multiple switches and devices; provide barriers for boxes 
served by separate voltages. 


H. Cover or plug all unused openings in boxes where knockout blanks have been 
removed. 


I. Support boxes of three gangs or more from more than one side by spanning two 
framing members or mounting on brackets specifically designed for the purpose. 


J. Fasten junction and pull boxes to or support from building structure. Do not support 
boxes by conduits. 


K. Set metal floor boxes level and flush with finished floor surface. 







SAN DIEGO STATE UNIVERSITY         SECTION 260534 
EIS COMPLEX                    BOXES FOR ELECTRICAL SYSTEMS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260534 - 4 Michael Wall Engineering 


L. Install boxes such that they are flush with the finished surface of the wall or surface 
within which they are mounted. 


M. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height 
measured to center of box unless otherwise indicated. 


N. Locate boxes so that cover or plate will not span different building finishes. 


O. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of 
masonry block, and install box flush with surface of wall. Prepare block surfaces to 
provide a flat surface for a raintight connection between box and cover plate or 
supported equipment and box. 


P. Horizontally separate boxes mounted on opposite sides of walls so they are not in 
the same vertical channel. 


Q. Boxes shall not be mounted back to back in walls.  Minimum offset shall be 12”. 


R. Boxes in sealed environments shall be sealed with an approved sealant suitable for 
the application. 


S. Boxes penetrating fire rated walls or surfaces shall be sealed with a Fire Marshal 
approved fire sealant to maintain the fire rating of the wall or surface. Install 
firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping." 


T. Boxes located above inaccessible ceilings shall be made accessible by means of 
access doors or hatches in the ceiling. 


U. Install all boxes per manufacturer’s recommendations and requirements. 


V. Provide for ground continuity at all boxes. 


3.2 PROTECTION 


A. Protect coatings, finishes, and cabinets from damage and deterioration. 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by 


manufacturer. 
2. Repair damage to PVC coatings or paint finishes with matching touchup 


coating recommended by manufacturer. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Boxes, enclosures, and cabinets.

		2. Handholes and boxes for exterior underground cabling.





		1.3 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.



		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review.

		B. Action Submittals

		1. Product Data: For floor boxes, hinged-cover enclosures, and cabinets.

		2. LEED Submittals:

		a. Product Data for Credit IEQ 4.1: For solvent cements and adhesive primers, documentation including printed statement of VOC content.



		3. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.



		C. Information Submittals

		1. Seismic Qualification Certificates: For enclosures and cabinets and their mounting provisions, including those for internal components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

		d. Detailed description of conduit support devices and interconnections on which the certification is based and their installation requirements.









		PART 2 - PRODUCTS

		A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.

		B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

		1. Boxes shall be flat rolled steel sized as required by code and as suitable for the application.  Boxes shall have mounting holes and knock-outs in sides and back.  Grounding shall be accommodated by means of threaded holes.

		2. Boxes installed outdoors shall be weathertight, dusttight, and corrosion resistant.  Provide gaskets and conduit hubs.



		C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.

		D. Metal Floor Boxes:

		1. Material: Watertight cast iron units in slabs on grade.  Galvanized steel, concrete tight, in suspended slabs.

		2. Type:  Fully adjustable.

		3. Shape: Rectangular.

		4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.



		E. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb. Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and marked for the maximum allowable weight.

		F. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 lb.

		1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.



		G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

		H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.

		I. Box extensions used to accommodate new building finishes shall be of same material as recessed box.

		J. Device Box Dimensions:  4 inches square by 2-1/8 inches deep.

		K. Gangable boxes are allowed.

		L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge cover with flush latch unless otherwise indicated.

		1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.

		2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.



		M. Cabinets:

		1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.

		2. Hinged door in front cover with flush latch and concealed hinge.

		3. Key latch to match panelboards.

		4. Metal barriers to separate wiring of different systems and voltage.



		N. Accessory feet where required for freestanding equipment. Acceptable manufacturers shall be Appleton, Crouse Hinds, Steel City, or Raco.



		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. All box installation methods shall comply with the 2013 edition of the California Electrical Code and the authority having jurisdiction.

		B. Comply with requirements in Section 260529 "Supports and Hangers for Electrical Systems" for hangers and supports.

		C. Provide accessories, extension rings, gaskets, supports, trim rings, hangers, straps, and other material as necessary for a complete code complying installation.

		D. Install all boxes plumb, square, and securely fastened to structure.

		E. Boxes shall be placed such that they are readily accessible.

		F. Provide additional support for boxes as necessary when mounting fixtures or devices from boxes.

		G. Provide ganged boxes for multiple switches and devices; provide barriers for boxes served by separate voltages.

		H. Cover or plug all unused openings in boxes where knockout blanks have been removed.

		I. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.

		J. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.

		K. Set metal floor boxes level and flush with finished floor surface.

		L. Install boxes such that they are flush with the finished surface of the wall or surface within which they are mounted.

		M. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.

		N. Locate boxes so that cover or plate will not span different building finishes.

		O. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a raintight connection between box and cover plate or supported equipment and box.

		P. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.

		Q. Boxes shall not be mounted back to back in walls.  Minimum offset shall be 12”.

		R. Boxes in sealed environments shall be sealed with an approved sealant suitable for the application.

		S. Boxes penetrating fire rated walls or surfaces shall be sealed with a Fire Marshal approved fire sealant to maintain the fire rating of the wall or surface. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."

		T. Boxes located above inaccessible ceilings shall be made accessible by means of access doors or hatches in the ceiling.

		U. Install all boxes per manufacturer’s recommendations and requirements.

		V. Provide for ground continuity at all boxes.



		3.2 PROTECTION

		A. Protect coatings, finishes, and cabinets from damage and deterioration.

		1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.

		2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Handholes and boxes. 
2. Manholes. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and regula-
tions of the local government having jurisdiction, including the regulations of serving 
utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s require-
ments, instructions, or recommendations prior to installation.  The actual dimen-
sions, weights, clearance requirements and installation requirements shall be veri-
fied and coordinated by the contractor. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Manhole material 
2. Handhole material 
3. Installation materials and methods 


B. Product data:  For the following: 
1. Shop drawings for precast or factory-fabricated manholes and handholes:  


Include plans, elevations, sections, details, attachments to other work, and 
accessories, including the following: 
a. Duct entry provisions, including locations and duct sizes. 
b. Reinforcement details. 
c. Frame and cover design and manhole frame support rings. 
d. Ladder details. 
e. Grounding details. 
f. Dimensioned locations of cable rack inserts, pulling-in and lifting 


irons, and sumps. 
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g. Joint details. 
2. Shop drawings for factory-fabricated manholes and handholes other than 


precast concrete:  Include dimensioned plans, sections, and elevations, and 
fabrication and installation details, including the following: 
a. Duct entry provisions, including locations and duct sizes. 
b. Cover design. 
c. Grounding details. 
d. Dimensioned locations of cable rack inserts, and pulling-in and lift-


ing irons. 
3. Product Certificates:  For concrete and steel used in precast concrete man-


holes and handholes, as required by ASTM C 858. 
4. Qualification Data:  For professional engineer and testing agency. 
5. Source quality-control test reports. 
6. Field quality-control test reports. 


C. Testing Agency Qualifications:  Qualified according to ASTM E 329 for testing indi-
cated. 


D. Comply with ANSI C2. 


E. Comply with CEC. 


1.5 DELIVERY, STORAGE, AND HANDLING 


A. Store precast concrete and other factory-fabricated underground utility structures at 
project site as recommended by manufacturer to prevent physical damage.  Arrange 
so identification markings are visible. 


B. Lift and support precast concrete units only at designated lifting or supporting points. 


1.6 COORDINATION 


A. Coordinate layout and installation of manholes and handholes with final arrange-
ment of other utilities, site grading, and surface features as determined in the field. 


B. Coordinate elevations of ducts and duct-bank entrances into manholes and hand-
holes with final locations and profiles of ducts and duct banks as determined by co-
ordination with other utilities, underground obstructions, and surface features.  Re-
vise locations and elevations from those indicated as required to suit field conditions 
and to ensure that duct runs drain to manholes and handholes, and as approved by 
Architect. 


1.7 FIELD CONDITIONS 


A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facili-
ties occupied by Owner or others unless permitted under the following conditions, 
and then only after arranging to provide temporary electrical service according to re-
quirements indicated: 
1. Notify Construction Manager and Owner no fewer than five (5) days in ad-


vance of proposed interruption of electrical service. 
2. Do not proceed with interruption of electrical service without Construction 


Manager's and Owner's written permission. 
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B. Ground Water: Assume ground-water level is 36 inches below ground surface un-
less a higher water table is noted on Drawings. 


PART 2 - PRODUCTS 


2.1 PRECAST CONCRETE HANDHOLES 


A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following: 


B. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 
1. Christy Concrete Products. 
2. Oldcastle Precast Group. 
3. Utility Vault Co. 


C. Comply with ASTM C 858 for design and manufacturing processes. 


D. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls 
and bottom unless open-bottom enclosures are indicated.  Frame and cover shall 
form top of enclosure and shall have load rating consistent with that of handhole. 
1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with 


recessed cover hook eyes and tamper-resistant, captive, cover-securing 
bolts. 


2. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 
0.50. 


3. Cover Legend:  Molded lettering, as indicated for each service. 
4. Configuration:  Units shall be designed for flush burial and have Integral 


closed bottom, unless otherwise indicated. 
5. Extensions and Slabs: Designed to mate with bottom of enclosure. Same 


material as enclosure. 
a. Extension shall provide increased depth of 12 inches. 
b. Slab: Same dimensions as bottom of enclosure, and arranged to 


provide closure. 
6. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, 


and durability properties necessary to withstand maximum hydrostatic pres-
sures at the installation location with the ground-water level at grade. 


7. Handholes 12 inches wide by 24 inches long and larger shall have inserts 
for cable racks and pulling-in irons installed before concrete is poured. 


2.2 PRECAST CONCRETE MANHOLES 


A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following: 
1. Christy Concrete Products. 
2. Oldcastle Precast Group. 
3. Utility Vault Co. 


B. Comply with ASTM C 858, with interlocking mating sections, complete with accesso-
ries, hardware, and features. 
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C. Concrete Knockout Panels:  1-1/2 to 2 inches thick, for future conduit entrance and 
sleeve for ground rod. 


D. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and dura-
bility properties necessary to withstand maximum hydrostatic pressures at the instal-
lation location with the ground-water level at grade. 


2.3 SOURCE QUALITY CONTROL 


A. Test and inspect precast concrete utility structures according to ASTM C 1037. 


PART 3 - EXECUTION 


3.1 PREPARATION 


A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with fi-
nal arrangement of other utilities, site grading, and surface features as determined in 
the field. Notify Architect if there is a conflict between areas of excavation and exist-
ing structures or archaeological sites to remain. 


B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, 
and boxes with final locations and profiles of ducts and duct banks, as determined 
by coordination with other utilities, underground obstructions, and surface features. 
Revise locations and elevations as required to suit field conditions and to ensure 
that duct runs drain to manholes and handholes, and as approved by Architect. 


C. Clear and grub vegetation to be removed, and protect vegetation to remain accord-
ing to Section 311000 "Site Clearing." Remove and stockpile topsoil for reapplication 
according to Section 311000 "Site Clearing." 


3.2 UNDERGROUND ENCLOSURE APPLICATION 


A. Handholes and Boxes for 600 V and Less: 
1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 


AASHTO HB 17, H-20 structural load rating. 
2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Oc-


casional, Nondeliberate Loading by Heavy Vehicles:  Precast concrete, 
AASHTO HB 17, H-20 structural load rating. 


3. Units in Sidewalk and Similar Applications with a Safety Factor for Non-
deliberate Loading by Vehicles:  Precast concrete, AASHTO HB 17, H-10 
structural load rating. 


4. Cover design load shall not exceed the design load of the handhole or box. 


B. Manholes:  Precast concrete. 
1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or 


Medium Vehicles: H-20 structural load rating according to AASHTO HB 17. 
2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: 


H-10 load rating according to AASHTO HB 17. 


3.3 EARTHWORK 


A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use 
heavy-duty, hydraulic-operated, compaction equipment. 
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B. Restore surface features at areas disturbed by excavation, and re-establish original 
grades unless otherwise indicated. Replace removed sod immediately after backfill-
ing is completed. 


C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. 
Restore vegetation and include necessary topsoiling, fertilizing, liming, seeding, 
sodding, sprigging, and mulching. Comply with Section 329200 "Turf and Grasses" 
and Section 329300 "Plants." 


D. Cut and patch existing pavement in the path of underground ducts and utility struc-
tures according to the "Cutting and Patching" Article in Section 017300 "Execution." 


3.4 INSTALLATION OF CONCRETE MANHOLES AND HANDHOLES 


A. Precast Concrete Handhole and Manhole Installation: 
1. Comply with ASTM C 891, unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with 


connecting ducts to minimize bends and deflections required for proper en-
trances. 


3. Unless otherwise indicated, support units on a level bed of crushed stone or 
gravel, and compacted to same density as adjacent undisturbed earth. 


B. Elevations: 
1. Manhole Roof:  Install with rooftop at least 15 inches below finished grade. 
2. Manhole Frame:  In paved areas and traffic-ways, set frames flush with fin-


ished grade.  Set other manhole frames 1 inch above finished grade. 
3. Handhole Covers:  In paved areas and traffic-ways, set surface flush with 


finished grade.  Set covers of other handholes 1 inch above finished grade. 


C. Drainage:  Install drains in bottom of manholes where indicated.  Coordinate with 
drainage provisions indicated on civil drawings. 


D. Manhole Access:  Circular opening in manhole roof; sized to match cover size. 


E. Hardware: Install removable hardware, including pulling eyes, cable stanchions, 
and cable arms, and insulators, as required for installation and support of cables and 
conductors and as indicated. 


F. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill 
deeper than 3-7/8 inches for manholes and 2 inches for handholes, for anchor bolts 
installed in the field. Use a minimum of two anchors for each cable stanchion. 


3.5 GROUNDING 


A. Ground underground ducts and utility structures according to Division 26 Section 
Section 260526 "Grounding and Bonding for Electrical Systems." 


3.6 FIELD QUALITY CONTROL 


A. Perform the following tests and inspections and prepare test reports: 
1. Test manhole and handhole grounding to ensure electrical continuity of 


grounding and bonding connections.  Measure and report ground resistance 







SAN DIEGO STATE UNIVERSITY               SECTION 260543 
EIS COMPLEX                   UNDERGROUND BOXES FOR ELECTRICAL SYSTEMS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                            
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 
 260543 - 6 Michael Wall Engineering 


as specified in Division 26 Section 260526 "Grounding and Bonding for 
Electrical Systems." 


B. Correct deficiencies and retest as specified above to demonstrate compliance. 


3.7 CLEANING 


A. Clean internal surfaces of manholes and handholes.  Remove foreign material. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Handholes and boxes.

		2. Manholes.





		1.3 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.



		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following:

		1. Manhole material

		2. Handhole material

		3. Installation materials and methods



		B. Product data:  For the following:

		1. Shop drawings for precast or factory-fabricated manholes and handholes:  Include plans, elevations, sections, details, attachments to other work, and accessories, including the following:

		a. Duct entry provisions, including locations and duct sizes.

		b. Reinforcement details.

		c. Frame and cover design and manhole frame support rings.

		d. Ladder details.

		e. Grounding details.

		f. Dimensioned locations of cable rack inserts, pulling-in and lifting irons, and sumps.

		g. Joint details.



		2. Shop drawings for factory-fabricated manholes and handholes other than precast concrete:  Include dimensioned plans, sections, and elevations, and fabrication and installation details, including the following:

		a. Duct entry provisions, including locations and duct sizes.

		b. Cover design.

		c. Grounding details.

		d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.



		3. Product Certificates:  For concrete and steel used in precast concrete manholes and handholes, as required by ASTM C 858.

		4. Qualification Data:  For professional engineer and testing agency.

		5. Source quality-control test reports.

		6. Field quality-control test reports.



		C. Testing Agency Qualifications:  Qualified according to ASTM E 329 for testing indicated.

		D. Comply with ANSI C2.

		E. Comply with CEC.



		1.5 DELIVERY, STORAGE, AND HANDLING

		A. Store precast concrete and other factory-fabricated underground utility structures at project site as recommended by manufacturer to prevent physical damage.  Arrange so identification markings are visible.

		B. Lift and support precast concrete units only at designated lifting or supporting points.



		1.6 COORDINATION

		A. Coordinate layout and installation of manholes and handholes with final arrangement of other utilities, site grading, and surface features as determined in the field.

		B. Coordinate elevations of ducts and duct-bank entrances into manholes and handholes with final locations and profiles of ducts and duct banks as determined by coordination with other utilities, underground obstructions, and surface features.  Revise locations and elevations from those indicated as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as approved by Architect.



		1.7 FIELD CONDITIONS

		A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions, and then only after arranging to provide temporary electrical service according to requirements indicated:

		1. Notify Construction Manager and Owner no fewer than five (5) days in advance of proposed interruption of electrical service.

		2. Do not proceed with interruption of electrical service without Construction Manager's and Owner's written permission.



		B. Ground Water: Assume ground-water level is 36 inches below ground surface unless a higher water table is noted on Drawings.





		PART 2 - PRODUCTS

		2.1 PRECAST CONCRETE HANDHOLES

		A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

		B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

		1. Christy Concrete Products.

		2. Oldcastle Precast Group.

		3. Utility Vault Co.



		C. Comply with ASTM C 858 for design and manufacturing processes.

		D. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom unless open-bottom enclosures are indicated.  Frame and cover shall form top of enclosure and shall have load rating consistent with that of handhole.

		1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.

		2. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.

		3. Cover Legend:  Molded lettering, as indicated for each service.

		4. Configuration:  Units shall be designed for flush burial and have Integral closed bottom, unless otherwise indicated.

		5. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as enclosure.

		a. Extension shall provide increased depth of 12 inches.

		b. Slab: Same dimensions as bottom of enclosure, and arranged to provide closure.



		6. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.

		7. Handholes 12 inches wide by 24 inches long and larger shall have inserts for cable racks and pulling-in irons installed before concrete is poured.





		2.2 PRECAST CONCRETE MANHOLES

		A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

		1. Christy Concrete Products.

		2. Oldcastle Precast Group.

		3. Utility Vault Co.



		B. Comply with ASTM C 858, with interlocking mating sections, complete with accessories, hardware, and features.

		C. Concrete Knockout Panels:  1-1/2 to 2 inches thick, for future conduit entrance and sleeve for ground rod.

		D. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.



		2.3 SOURCE QUALITY CONTROL

		A. Test and inspect precast concrete utility structures according to ASTM C 1037.





		PART 3 - EXECUTION

		3.1 PREPARATION

		A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Architect if there is a conflict between areas of excavation and existing structures or archaeological sites to remain.

		B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of ducts and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. Revise locations and elevations as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as approved by Architect.

		C. Clear and grub vegetation to be removed, and protect vegetation to remain according to Section 311000 "Site Clearing." Remove and stockpile topsoil for reapplication according to Section 311000 "Site Clearing."



		3.2 UNDERGROUND ENCLOSURE APPLICATION

		A. Handholes and Boxes for 600 V and Less:

		1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. AASHTO HB 17, H-20 structural load rating.

		2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate Loading by Heavy Vehicles:  Precast concrete, AASHTO HB 17, H-20 structural load rating.

		3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading by Vehicles:  Precast concrete, AASHTO HB 17, H-10 structural load rating.

		4. Cover design load shall not exceed the design load of the handhole or box.



		B. Manholes:  Precast concrete.

		1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium Vehicles: H-20 structural load rating according to AASHTO HB 17.

		2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: H-10 load rating according to AASHTO HB 17.





		3.3 EARTHWORK

		A. Excavation and Backfill: Comply with Section 312000 "Earth Moving," but do not use heavy-duty, hydraulic-operated, compaction equipment.

		B. Restore surface features at areas disturbed by excavation, and re-establish original grades unless otherwise indicated. Replace removed sod immediately after backfilling is completed.

		C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching. Comply with Section 329200 "Turf and Grasses" and Section 329300 "Plants."

		D. Cut and patch existing pavement in the path of underground ducts and utility structures according to the "Cutting and Patching" Article in Section 017300 "Execution."



		3.4 INSTALLATION OF CONCRETE MANHOLES AND HANDHOLES

		A. Precast Concrete Handhole and Manhole Installation:

		1. Comply with ASTM C 891, unless otherwise indicated.

		2. Install units level and plumb and with orientation and depth coordinated with connecting ducts to minimize bends and deflections required for proper entrances.

		3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, and compacted to same density as adjacent undisturbed earth.



		B. Elevations:

		1. Manhole Roof:  Install with rooftop at least 15 inches below finished grade.

		2. Manhole Frame:  In paved areas and traffic-ways, set frames flush with finished grade.  Set other manhole frames 1 inch above finished grade.

		3. Handhole Covers:  In paved areas and traffic-ways, set surface flush with finished grade.  Set covers of other handholes 1 inch above finished grade.



		C. Drainage:  Install drains in bottom of manholes where indicated.  Coordinate with drainage provisions indicated on civil drawings.

		D. Manhole Access:  Circular opening in manhole roof; sized to match cover size.

		E. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.

		F. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 3-7/8 inches for manholes and 2 inches for handholes, for anchor bolts installed in the field. Use a minimum of two anchors for each cable stanchion.



		3.5 GROUNDING

		A. Ground underground ducts and utility structures according to Division 26 Section Section 260526 "Grounding and Bonding for Electrical Systems."



		3.6 FIELD QUALITY CONTROL

		A. Perform the following tests and inspections and prepare test reports:

		1. Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections.  Measure and report ground resistance as specified in Division 26 Section 260526 "Grounding and Bonding for Electrical Systems."



		B. Correct deficiencies and retest as specified above to demonstrate compliance.



		3.7 CLEANING

		A. Clean internal surfaces of manholes and handholes.  Remove foreign material.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Sleeves for raceway and cable penetration of non-fire-rated construction 


walls and floors. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 
5. Silicone sealants. 


B. Related Requirements: 
1. Section 078413 "Penetration Firestopping" for penetration firestopping in-


stalled in fire-resistance-rated walls, horizontal assemblies, and smoke bar-
riers, with and without penetrating items. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. 


B. LEED Submittals: 
1. Product Data for Credit EQ 4.1: For sealants, documentation including print-


ed statement of VOC content. 


PART 2 - PRODUCTS 


2.1 SLEEVES 


A. Wall Sleeves: 
1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 


coated, plain ends. 


B. Sleeves for Rectangular Openings: 
1. Material: Galvanized sheet steel. 
2. Minimum Metal Thickness: 


a. For sleeve cross-section rectangle perimeter less than 50 inches 
and with no side larger than 16 inches, thickness shall be 0.052 
inch. 


b. For sleeve cross-section rectangle perimeter 50 inches or more and 
one or more sides larger than 16 inches, thickness shall be 0.138 
inch. 


2.2 SLEEVE-SEAL SYSTEMS 


A. Description: Modular sealing device, designed for field assembly, to fill annular 
space between sleeve and raceway or cable. 
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1. Products: Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to the follow-
ing: 
a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 


2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of 
pipe. Include type and number required for pipe material and size of pipe. 


3. Pressure Plates:  Carbon steel. 
4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, 


of length required to secure pressure plates to sealing elements. 


2.3 SLEEVE-SEAL FITTINGS 


A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for em-
bedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar 
with center opening to match piping OD. 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the follow-
ing: 
a. HOLDRITE. 


2.4 GROUT 


A. Description: Nonshrink; recommended for interior and exterior sealing openings in 
non-fire-rated walls or floors. 


B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 


C. Design Mix: 5000-psi, 28-day compressive strength. 


D. Packaging: Premixed and factory packaged. 


2.5 SILICONE SEALANTS 


A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric 
sealants of grade indicated below. 
1. Grade: Pourable (self-leveling) formulation for openings in floors and other 


horizontal surfaces that are not fire rated. 
2. Sealant shall have VOC content of 250 g/L or less when calculated accord-


ing to 40 CFR 59, Subpart D (EPA Method 24). 


B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, 
expand and cure in place to produce a flexible, nonshrinking foam. 


PART 3 - EXECUTION 


3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 


A. Comply with NECA 1. 


B. Comply with NEMA VE 2 for cable tray and cable penetrations. 
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C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Ma-
sonry-Unit Floors and Walls: 
1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 


a. Seal annular space between sleeve and raceway or cable, using 
joint sealant appropriate for size, depth, and location of joint. Com-
ply with requirements in Section 079200 "Joint Sealants." 


b. Seal space outside of sleeves with mortar or grout. Pack sealing 
material solidly between sleeve and wall so no voids remain. Tool 
exposed surfaces smooth; protect material while curing. 


2. Use pipe sleeves unless penetration arrangement requires rectangular 
sleeved opening. 


3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve 
and raceway or cable unless sleeve seal is to be installed or unless seismic 
criteria require different clearance. 


4. Install sleeves for wall penetrations unless core-drilled holes or formed 
openings are used. Install sleeves during erection of walls. Cut sleeves to 
length for mounting flush with both surfaces of walls. Deburr after cutting. 


5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 
inches above finished floor level. Install sleeves during erection of floors. 


D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 
1. Seal space outside of sleeves with approved joint compound for gypsum 


board assemblies. 


E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with 
flexible boot-type flashing units applied in coordination with roofing work. 


F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves 
and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear 
space between pipe and sleeve for installing mechanical sleeve seals. 


G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. 
Size sleeves to allow for 1-inch annular clear space between raceway or cable and 
sleeve for installing sleeve-seal system. 


3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 


A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade 
at raceway entries into building. 


B. Install type and number of sealing elements recommended by manufacturer for 
raceway or cable material and size. Position raceway or cable in center of sleeve. 
Assemble mechanical sleeve seals and install in annular space between raceway or 
cable and sleeve. Tighten bolts against pressure plates that cause sealing elements 
to expand and make watertight seal. 


3.3 SLEEVE-SEAL-FITTING INSTALLATION 


A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 


B. Assemble fitting components of length to be flush with both surfaces of concrete 
slabs and walls. Position waterstop flange to be centered in concrete slab or wall. 
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C. Secure nailing flanges to concrete forms. 


D. Using grout, seal the space around outside of sleeve-seal fittings. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.

		2. Sleeve-seal systems.

		3. Sleeve-seal fittings.

		4. Grout.

		5. Silicone sealants.



		B. Related Requirements:

		1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.





		1.3 ACTION SUBMITTALS

		A. Product Data: For each type of product.

		B. LEED Submittals:

		1. Product Data for Credit EQ 4.1: For sealants, documentation including printed statement of VOC content.







		PART 2 - PRODUCTS

		2.1 SLEEVES

		A. Wall Sleeves:

		1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.



		B. Sleeves for Rectangular Openings:

		1. Material: Galvanized sheet steel.

		2. Minimum Metal Thickness:

		a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side larger than 16 inches, thickness shall be 0.052 inch.

		b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more sides larger than 16 inches, thickness shall be 0.138 inch.







		2.2 SLEEVE-SEAL SYSTEMS

		A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Advance Products & Systems, Inc.

		b. CALPICO, Inc.

		c. Metraflex Company (The).



		2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.

		3. Pressure Plates:  Carbon steel.

		4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length required to secure pressure plates to sealing elements.





		2.3 SLEEVE-SEAL FITTINGS

		A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. HOLDRITE.







		2.4 GROUT

		A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.

		B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.

		C. Design Mix: 5000-psi, 28-day compressive strength.

		D. Packaging: Premixed and factory packaged.



		2.5 SILICONE SEALANTS

		A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.

		1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.

		2. Sealant shall have VOC content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).



		B. Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.





		PART 3 - EXECUTION

		3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

		A. Comply with NECA 1.

		B. Comply with NEMA VE 2 for cable tray and cable penetrations.

		C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:

		1. Interior Penetrations of Non-Fire-Rated Walls and Floors:

		a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Section 079200 "Joint Sealants."

		b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve and wall so no voids remain. Tool exposed surfaces smooth; protect material while curing.



		2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

		3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed or unless seismic criteria require different clearance.

		4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr after cutting.

		5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches above finished floor level. Install sleeves during erection of floors.



		D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

		1. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.



		E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.

		F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.

		G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-seal system.



		3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

		A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.

		B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.



		3.3 SLEEVE-SEAL-FITTING INSTALLATION

		A. Install sleeve-seal fittings in new walls and slabs as they are constructed.

		B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.

		C. Secure nailing flanges to concrete forms.

		D. Using grout, seal the space around outside of sleeve-seal fittings.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes the following: 
1. Isolation pads. 
2. Spring isolators. 
3. Restrained spring isolators. 


B. Related Sections include the following: 
1. Division 26 Section "Hangers and Supports for Electrical Systems" for com-


monly used electrical supports and installation requirements. 


1.3 RESPONSIBILITY OF MANUFACTURER  


A. Vibration isolation manufacturer shall have the following responsibilities: 
1. Determine vibration isolation sizes and locations 
2. Provide equipment isolation system as scheduled or specified 
3. Guarantee specified isolation system deflection 
4. Provide installation instructions and drawings 
5. Provide calculations signed by a structural engineer licensed in the State in 


which the work is to take place certifying that the seismic restraints will act in 
accordance with the relevant State and local codes and will maintain equip-
ment in captive position 


1.4 VIBRATION ISOLATION AND NOISE CONTROL REQUIREMENTS 


A. Floor-Mounted Transformers  
1. Neoprene pads 
2. Type HMN, 0.3 inch static deflection 
3. Locate at 4 corners of transformer 
4. Bolt to floor 


B. Suspended Transformers  
1. Type HN isolation hangers, 0.2 inch static deflection 
2. Locate at 4 corners 
3. Provide seismic restraints 


C. Flexible Electrical Connections 
1. At all transformers within buildings 
2. At connections to motors or other vibrating equipment 


D. Emergency Generator  
1. Generator Set: Seismically restrained spring isolators provided by Emer-


gency Generator Manufacturer equal to Type MSL 
2. Generator exhaust: to meet noise requirement per section 263213 
3. Noise level at property line shall meet requirements of section 263213. 
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1.5 ELECTRICAL BOX PADS 


A. Provide at all junction boxes located within sound-insulated drywall partitions. 


1.6 ACTION SUBMITTALS 


A. Product Data:  For the following: 
1. Include rated load, rated deflection, and overload capacity for each vibration 


isolation device. 
2. Restrained-Isolation Devices:  Include ratings for horizontal, vertical, and 


combined loads. 


B. Delegated-Design Submittal:  For vibration isolation details indicated to comply with 
performance requirements and design criteria, including analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation. 
1. Design Calculations:  Calculate static and dynamic loading due to equip-


ment weight and operation, seismic forces required to select vibration isola-
tors. 
a. Coordinate design calculations with wind-load calculations required 


for equipment mounted outdoors.  Comply with requirements in oth-
er Division 26 Sections for equipment mounted outdoors. 


2. Indicate materials and dimensions and identify hardware, including attach-
ment and anchorage devices. 


3. Field-fabricated supports. 


1.7 QUALITY ASSURANCE 


A. Comply with CEC. 


PART 2 - PRODUCTS 


2.1 VIBRATION ISOLATORS 


A. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 
1. California Dynamics Corporation. 
2. Isolation Technology, Inc. 
3. Mason Industries. 


B. General Properties  
1. All vibration isolators shall have either known undeflected heights or other 


markings so that, after adjustment, when carrying their load, the deflection 
under load can be verified, thus determining that the load is within the prop-
er range of the device and that the correct degree of vibration isolation is be-
ing provided according to the design.  


2. All isolators shall operate in the linear portion of their load versus deflection 
curve.  Load versus deflection curves shall be furnished by the manufacturer 
and must be linear over a deflection range 50% above the design deflection.  


3. The ratio of lateral to vertical stiffness shall not be less than 1.0 or greater 
than 2.0.  


4. The vertical natural frequency for each support point, based upon the load 
per isolator and isolator stiffness, shall not differ by more than + or - 10%.  
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5. Wave motion through the isolator shall be reduced to the following extent: 
isolation above the resonant frequency shall follow the theoretical prediction 
based upon an undamped single degree of freedom system, with a mini-
mum isolation of 50 decibels above 150 cycles per second.  


6. All neoprene mountings shall have a shore hardness of 50 to 60 after mini-
mum aging of 20 days or corresponding oven aging.  


7. All vibration isolation equipment exposed to moisture or an outdoor envi-
ronment shall be coated as follows:  
a. Standard paint applied to factory-assembled and -tested equipment 


before shipping. 
b. All hardware shall be zinc-plated. Springs and steel parts should be 


epoxy-powder-coated or electro-galvanized for exterior use. 
c. Baked enamel or powder coat for metal components on isolators for 


interior use. 
8. All isolators shall be pre-approved by agency acceptable to the authority 


having jurisdiction. 


C. Isolator Types and Descriptions 
1. Type HN is a suspension hanger with a steel box frame and a molded neo-


prene in shear element. A neoprene grommet shall be provided at the loca-
tion where the hanger rod passes through the hanger box so that no met-
al-to-metal contact occurs. The suspension hanger shall be Mason Indus-
tries Type “HD” or approved equal. 


2. Type MSL is a bare, stable, steel spring with a ribbed neoprene pad under 
the base plate. Bolt holes shall be provided in the baseplate to permit at-
tachment to the building structure. Limit stops shall be provided to prohibit 
spring extension if the load is removed.  These stops may also serve as rig-
id blocking during erection so that the installed and operating heights shall 
be the same. Clearance shall be maintained around restraining bolts and 
between the limit stops and the housing so as not to interfere with the spring 
action. The vibration isolator shall be Mason Industries Type “SLR” or ap-
proved equal. 


3. Type HMN is a neoprene isolator incorporating a steel housing capable of 
resisting a seismic load of 1.0 G in all directions. The mount shall consist of 
a captive steel insert embedded into a neoprene element which is enclosed 
by a steel housing which also includes floor mounting holes. The isolator 
shall have a rated deflection of 0.15 inches compression, 0.12 inches in ten-
sion and 0.09 inches in shear. The isolator shall be Mason Industries Type 
“BR” or approved equal. 


D. Pads:  Arrange in single or multiple layers of sufficient stiffness for uniform loading 
over pad area, molded with a nonslip pattern and galvanized-steel baseplates, and 
factory cut to sizes that match requirements of supported equipment. 
1. Resilient Material:  Oil- and water-resistant neoprene. 


E. Spring Isolators:  Freestanding, laterally stable, open-spring isolators. 
1. Outside Spring Diameter:  Not less than 80 percent of the compressed 


height of the spring at rated load. 
2. Minimum Additional Travel:  50 percent of the required deflection at rated 


load. 
3. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
4. Overload Capacity:  Support 200 percent of rated load, fully compressed, 


without deformation or failure. 
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5. Baseplates:  Factory drilled for bolting to structure and bonded to 1/4-inch- 
thick, rubber isolator pad attached to baseplate underside.  Baseplates shall 
limit floor load to 500 psig. 


6. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and 
cap screw to fasten and level equipment. 


F. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic 
or limit-stop restraint. 
1. Housing:  Steel with resilient vertical-limit stops to prevent spring extension 


due to weight being removed; factory-drilled baseplate bonded to 1/4-inch- 
thick, neoprene or rubber isolator pad attached to baseplate underside; and 
adjustable equipment mounting and leveling bolt that acts as blocking during 
installation. 


2. Restraint:  Seismic or limit-stop as required for equipment and authorities 
having jurisdiction. 


3. Outside Spring Diameter:  Not less than 80 percent of the compressed 
height of the spring at rated load. 


4. Minimum Additional Travel:  50 percent of the required deflection at rated 
load. 


5. Lateral Stiffness:  More than 80 percent of rated vertical stiffness. 
6. Overload Capacity:  Support 200 percent of rated load, fully compressed, 


without deformation or failure. 


2.2 FLEXIBLE CONNECTIONS 


A. Conduit over 1 inch OD: Make electrical connections to vibrating equipment via flex-
ible expansion/deflection conduit coupling sized as required. Coupling shall have a 
flexible and watertight outer jacket, an internal grounding strap, plastic inner sleeve 
to maintain smooth wireway, and end hubs with threads to fit standard threaded 
metal conduit.  Acceptable units include: 
1. XD Expansion Deflection Coupling by Crouse-Hinds of Syracuse, N.Y. 
2. Type DF Expansion and Deflection fitting by Spring City Electrical Mfg. Co. 


of Spring City, PA. 
3. For conduit under 1 inch OD, use flexible conduit. 


2.3 ELECTRICAL BOX PADS 


A. Minimum thickness - 1/8 inch. 


B. Adhesion - adheres readily to metal or plastic. 


C. Service temperature - 30º to 200º F. 


D. Shall contain no asbestos. 


E. Minimum shelf life - 1 year. 


F. Non Fire-Rated 
1. "Lowry's Outlet Box Pads" as manufactured by Harry A. Lowry & Associ-


ates, Inc. 
2. "Sound Pad #68" as manufactured by L.H. Dottie Co. 
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G. Fire-Rated 
1. "Flamesafe FSP 1077 Putty Pads" as manufactured by W.R. Grace & Co. 
2. "Putty Pads" as manufactured by Specified Technologies Inc. 
3. “Hilti CP617 Putty Pads” as manufactured by Hilti 
4. “3M Fire Barrier Moldable Putty Pads type MPP-X” to fit box size as manu-


factured by 3M 
5. "Metacaulk ® Putty Pads" as manufactured by RectorSeal 


2.4 EMERGENCY GENERATOR NOISE CONTROL 


A. Silencers, enclosure, etc. to meet maximum noise requirement at property line per 
section 263213. 


2.5 FACTORY FINISHES 


A. Finish:  Manufacturer's standard paint applied to factory-assembled and -tested 
equipment before shipping. 
1. Powder coating on springs and housings. 
2. All hardware shall be galvanized.  Hot-dip galvanized metal components for 


exterior use. 
3. Baked enamel or powder coat for metal components on isolators for interior 


use. 
4. Color-code or otherwise mark vibration isolation devices to indicate capacity 


range. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas and equipment to receive vibration isolation devices for compliance 
with requirements for installation tolerances and other conditions affecting perfor-
mance. 


B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual lo-
cations before installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 


B. Tests and Inspections: 
1. Provide evidence of recent calibration of test equipment by a testing agency 


acceptable to authorities having jurisdiction. 
2. Schedule test with Owner, through Architect, before connecting anchorage 


device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 


3. Obtain Architect's approval before transmitting test loads to structure.  Pro-
vide temporary load-spreading members. 


4. Test at least four of each type and size of installed anchors and fasteners 
selected by Architect. 


5. Test to 90 percent of rated proof load of device. 
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6. If a device fails test, modify all installations of same type and retest until sat-
isfactory results are achieved. 


C. Remove and replace malfunctioning units and retest as specified above. 


D. Prepare test and inspection reports. 


3.3 ADJUSTING 


A. Adjust isolators after isolated equipment is at operating weight. 


B. Adjust limit stops on restrained spring isolators to mount equipment at normal oper-
ating height.  After equipment installation is complete, adjust limit stops so they are 
out of contact during normal operation. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. This Section includes the following:

		1. Isolation pads.

		2. Spring isolators.

		3. Restrained spring isolators.



		B. Related Sections include the following:

		1. Division 26 Section "Hangers and Supports for Electrical Systems" for commonly used electrical supports and installation requirements.





		1.3 RESPONSIBILITY OF MANUFACTURER 

		A. Vibration isolation manufacturer shall have the following responsibilities:

		1. Determine vibration isolation sizes and locations

		2. Provide equipment isolation system as scheduled or specified

		3. Guarantee specified isolation system deflection

		4. Provide installation instructions and drawings

		5. Provide calculations signed by a structural engineer licensed in the State in which the work is to take place certifying that the seismic restraints will act in accordance with the relevant State and local codes and will maintain equipment in captive position





		1.4 VIBRATION ISOLATION AND NOISE CONTROL REQUIREMENTS

		A. Floor-Mounted Transformers 

		1. Neoprene pads

		2. Type HMN, 0.3 inch static deflection

		3. Locate at 4 corners of transformer

		4. Bolt to floor



		B. Suspended Transformers 

		1. Type HN isolation hangers, 0.2 inch static deflection

		2. Locate at 4 corners

		3. Provide seismic restraints



		C. Flexible Electrical Connections

		1. At all transformers within buildings

		2. At connections to motors or other vibrating equipment



		D. Emergency Generator 

		1. Generator Set: Seismically restrained spring isolators provided by Emergency Generator Manufacturer equal to Type MSL

		2. Generator exhaust: to meet noise requirement per section 263213

		3. Noise level at property line shall meet requirements of section 263213.





		1.5 ELECTRICAL BOX PADS

		A. Provide at all junction boxes located within sound-insulated drywall partitions.



		1.6 ACTION SUBMITTALS

		A. Product Data:  For the following:

		1. Include rated load, rated deflection, and overload capacity for each vibration isolation device.

		2. Restrained-Isolation Devices:  Include ratings for horizontal, vertical, and combined loads.



		B. Delegated-Design Submittal:  For vibration isolation details indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

		1. Design Calculations:  Calculate static and dynamic loading due to equipment weight and operation, seismic forces required to select vibration isolators.

		a. Coordinate design calculations with wind-load calculations required for equipment mounted outdoors.  Comply with requirements in other Division 26 Sections for equipment mounted outdoors.



		2. Indicate materials and dimensions and identify hardware, including attachment and anchorage devices.

		3. Field-fabricated supports.





		1.7 QUALITY ASSURANCE

		A. Comply with CEC.





		PART 2 - PRODUCTS

		2.1 VIBRATION ISOLATORS

		A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

		1. California Dynamics Corporation.

		2. Isolation Technology, Inc.

		3. Mason Industries.



		B. General Properties 

		1. All vibration isolators shall have either known undeflected heights or other markings so that, after adjustment, when carrying their load, the deflection under load can be verified, thus determining that the load is within the proper range of the device and that the correct degree of vibration isolation is being provided according to the design. 

		2. All isolators shall operate in the linear portion of their load versus deflection curve.  Load versus deflection curves shall be furnished by the manufacturer and must be linear over a deflection range 50% above the design deflection. 

		3. The ratio of lateral to vertical stiffness shall not be less than 1.0 or greater than 2.0. 

		4. The vertical natural frequency for each support point, based upon the load per isolator and isolator stiffness, shall not differ by more than + or � 10%. 

		5. Wave motion through the isolator shall be reduced to the following extent: isolation above the resonant frequency shall follow the theoretical prediction based upon an undamped single degree of freedom system, with a minimum isolation of 50 decibels above 150 cycles per second. 

		6. All neoprene mountings shall have a shore hardness of 50 to 60 after minimum aging of 20 days or corresponding oven aging. 

		7. All vibration isolation equipment exposed to moisture or an outdoor environment shall be coated as follows: 

		a. Standard paint applied to factory-assembled and -tested equipment before shipping.

		b. All hardware shall be zinc-plated. Springs and steel parts should be epoxy-powder-coated or electro-galvanized for exterior use.

		c. Baked enamel or powder coat for metal components on isolators for interior use.



		8. All isolators shall be pre-approved by agency acceptable to the authority having jurisdiction.



		C. Isolator Types and Descriptions

		1. Type HN is a suspension hanger with a steel box frame and a molded neoprene in shear element. A neoprene grommet shall be provided at the location where the hanger rod passes through the hanger box so that no metal�to�metal contact occurs. The suspension hanger shall be Mason Industries Type “HD” or approved equal.

		2. Type MSL is a bare, stable, steel spring with a ribbed neoprene pad under the base plate. Bolt holes shall be provided in the baseplate to permit attachment to the building structure. Limit stops shall be provided to prohibit spring extension if the load is removed.  These stops may also serve as rigid blocking during erection so that the installed and operating heights shall be the same. Clearance shall be maintained around restraining bolts and between the limit stops and the housing so as not to interfere with the spring action. The vibration isolator shall be Mason Industries Type “SLR” or approved equal.

		3. Type HMN is a neoprene isolator incorporating a steel housing capable of resisting a seismic load of 1.0 G in all directions. The mount shall consist of a captive steel insert embedded into a neoprene element which is enclosed by a steel housing which also includes floor mounting holes. The isolator shall have a rated deflection of 0.15 inches compression, 0.12 inches in tension and 0.09 inches in shear. The isolator shall be Mason Industries Type “BR” or approved equal.



		D. Pads:  Arrange in single or multiple layers of sufficient stiffness for uniform loading over pad area, molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes that match requirements of supported equipment.

		1. Resilient Material:  Oil- and water-resistant neoprene.



		E. Spring Isolators:  Freestanding, laterally stable, open-spring isolators.

		1. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.

		2. Minimum Additional Travel:  50 percent of the required deflection at rated load.

		3. Lateral Stiffness:  More than 80 percent of rated vertical stiffness.

		4. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.

		5. Baseplates:  Factory drilled for bolting to structure and bonded to 1/4-inch- thick, rubber isolator pad attached to baseplate underside.  Baseplates shall limit floor load to 500 psig.

		6. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw to fasten and level equipment.



		F. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic or limit-stop restraint.

		1. Housing:  Steel with resilient vertical-limit stops to prevent spring extension due to weight being removed; factory-drilled baseplate bonded to 1/4-inch- thick, neoprene or rubber isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling bolt that acts as blocking during installation.

		2. Restraint:  Seismic or limit-stop as required for equipment and authorities having jurisdiction.

		3. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.

		4. Minimum Additional Travel:  50 percent of the required deflection at rated load.

		5. Lateral Stiffness:  More than 80 percent of rated vertical stiffness.

		6. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.





		2.2 FLEXIBLE CONNECTIONS

		A. Conduit over 1 inch OD: Make electrical connections to vibrating equipment via flexible expansion/deflection conduit coupling sized as required. Coupling shall have a flexible and watertight outer jacket, an internal grounding strap, plastic inner sleeve to maintain smooth wireway, and end hubs with threads to fit standard threaded metal conduit.  Acceptable units include:

		1. XD Expansion Deflection Coupling by Crouse-Hinds of Syracuse, N.Y.

		2. Type DF Expansion and Deflection fitting by Spring City Electrical Mfg. Co. of Spring City, PA.

		3. For conduit under 1 inch OD, use flexible conduit.





		2.3 ELECTRICAL BOX PADS

		A. Minimum thickness - 1/8 inch.

		B. Adhesion - adheres readily to metal or plastic.

		C. Service temperature - 30º to 200º F.

		D. Shall contain no asbestos.

		E. Minimum shelf life - 1 year.

		F. Non Fire-Rated

		1. "Lowry's Outlet Box Pads" as manufactured by Harry A. Lowry & Associates, Inc.

		2. "Sound Pad #68" as manufactured by L.H. Dottie Co.



		G. Fire-Rated

		1. "Flamesafe FSP 1077 Putty Pads" as manufactured by W.R. Grace & Co.

		2. "Putty Pads" as manufactured by Specified Technologies Inc.

		3. “Hilti CP617 Putty Pads” as manufactured by Hilti

		4. “3M Fire Barrier Moldable Putty Pads type MPP-X” to fit box size as manufactured by 3M

		5. "Metacaulk ® Putty Pads" as manufactured by RectorSeal





		2.4 EMERGENCY GENERATOR NOISE CONTROL

		A. Silencers, enclosure, etc. to meet maximum noise requirement at property line per section 263213.



		2.5 FACTORY FINISHES

		A. Finish:  Manufacturer's standard paint applied to factory-assembled and -tested equipment before shipping.

		1. Powder coating on springs and housings.

		2. All hardware shall be galvanized.  Hot-dip galvanized metal components for exterior use.

		3. Baked enamel or powder coat for metal components on isolators for interior use.

		4. Color-code or otherwise mark vibration isolation devices to indicate capacity range.







		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine areas and equipment to receive vibration isolation devices for compliance with requirements for installation tolerances and other conditions affecting performance.

		B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 FIELD QUALITY CONTROL

		A. Perform tests and inspections.

		B. Tests and Inspections:

		1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to authorities having jurisdiction.

		2. Schedule test with Owner, through Architect, before connecting anchorage device to restrained component (unless postconnection testing has been approved), and with at least seven days' advance notice.

		3. Obtain Architect's approval before transmitting test loads to structure.  Provide temporary load-spreading members.

		4. Test at least four of each type and size of installed anchors and fasteners selected by Architect.

		5. Test to 90 percent of rated proof load of device.

		6. If a device fails test, modify all installations of same type and retest until satisfactory results are achieved.



		C. Remove and replace malfunctioning units and retest as specified above.

		D. Prepare test and inspection reports.



		3.3 ADJUSTING

		A. Adjust isolators after isolated equipment is at operating weight.

		B. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  After equipment installation is complete, adjust limit stops so they are out of contact during normal operation.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Restraint channel bracings. 
2. Restraint cables. 
3. Seismic-restraint accessories. 
4. Mechanical anchor bolts. 
5. Adhesive anchor bolts. 


B. Related Requirements: 
1. Section 260529 "Hangers and Supports for Electrical Systems" for common-


ly used electrical supports and installation requirements. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. 
1. Illustrate and indicate style, material, strength, fastening provision, and finish 


for each type and size of seismic-restraint component used. 
a. Tabulate types and sizes of seismic restraints, complete with report 


numbers and rated strength in tension and shear as evaluated by an 
agency acceptable to authorities having jurisdiction. 


b. Annotate to indicate application of each product submitted and 
compliance with requirements. 


B. Delegated-Design Submittal: For each seismic-restraint device. 
1. Include design calculations and details for selecting seismic restraints com-


plying with performance requirements, design criteria, and analysis data 
signed and sealed by the qualified professional engineer responsible for 
their preparation. 


2. Design Calculations: Calculate static and dynamic loading caused by 
equipment weight, operation, and seismic and wind forces required to select 
seismic and wind restraints and for designing vibration isolation bases. 
a. Coordinate design calculations with wind load calculations required 


for equipment mounted outdoors. Comply with requirements in other 
Sections for equipment mounted outdoors. 


3. Seismic- and Wind-Restraint Details: 
a. Design Analysis: To support selection and arrangement of seis-


mic and wind restraints. Include calculations of combined tensile 
and shear loads. 


b. Details: Indicate fabrication and arrangement. Detail attachments of 
restraints to the restrained items and to the structure. Show attach-
ment locations, methods, and spacings. Identify components, list 
their strengths, and indicate directions and values of forces transmit-
ted to the structure during seismic events. Indicate association with 
vibration isolation devices. 
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c. Coordinate seismic-restraint and vibration isolation details with 
wind-restraint details required for equipment mounted outdoors. 
Comply with requirements in other Sections for equipment mounted 
outdoors. 


d. Preapproval and Evaluation Documentation: By an agency accepta-
ble to authorities having jurisdiction, showing maximum ratings of 
restraint items and the basis for approval (tests or calculations). 


1.4 INFORMATIONAL SUBMITTALS 


A. Coordination Drawings: Show coordination of seismic bracing for electrical compo-
nents with other systems and equipment in the vicinity, including other supports and 
seismic restraints. 


B. Qualification Data: For professional engineer. 


C. Welding certificates. 


D. Field quality-control reports. 


1.5 QUALITY ASSURANCE 


A. Comply with seismic-restraint requirements in the CBC unless requirements in this 
Section are more stringent. 


B. Welding Qualifications: Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel." 


C. Seismic-restraint devices shall have horizontal and vertical load testing and analysis. 
They shall bear anchorage preapproval, showing maximum seismic-restraint ratings, 
by ICC-ES or another agency acceptable to authorities having jurisdiction. Ratings 
based on independent testing are preferred to ratings based on calculations. If pre-
approved ratings are not available, submittals based on independent testing are pre-
ferred. Calculations (including combining shear and tensile loads) that support seis-
mic-restraint designs must be signed and sealed by a qualified professional engi-
neer. 


D. Comply with CEC. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Wind-Restraint Loading: 
1. Basic Wind Speed: 115 mph. 
2. Building Classification Category:  III. 
3. Minimum 10 lb/sq. ft. multiplied by maximum area of HVAC component pro-


jected on vertical plane normal to wind direction and 45 degrees either side 
of normal. 


B. Seismic-Restraint Loading: 
1. Site Class as Defined in the CBC:  D. 
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2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  
III. 
a. Component Importance Factor:  1.25. 
b. Component Response Modification Factor:  1.5. 
c. Component Amplification Factor:  1.0. 


3. Design Spectral Response Acceleration at Short Periods (0.2 Second): 
0.850 g. 


4. Design Spectral Response Acceleration at 1.0-Second Period: 0.45 g. 


2.2 RESTRAINT CHANNEL BRACINGS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Hilti, Inc. 
3. Unistrut; an Atkore International company. 


B. Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted 
steel channels with accessories for attachment to braced component at one end and 
to building structure at the other end, with other matching components, and with cor-
rosion-resistant coating; rated in tension, compression, and torsion forces. 


2.3 RESTRAINT CABLES 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Kinetics Noise Control, Inc. 
2. Loos & Co., Inc. 
3. Vibration Mountings & Controls, Inc. 


B. Restraint Cables:  ASTM A 603 galvanized-steel cables. End connections made of 
steel assemblies with thimbles, brackets, swivel, and bolts designed for restraining 
cable service; with a minimum of two clamping bolts for cable engagement. 


2.4 SEISMIC-RESTRAINT ACCESSORIES 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Kinetics Noise Control, Inc. 
3. Mason Industries, Inc. 


B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with inter-
nally bolted connections to hanger rod. 


C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching 
hangers to rigid channel bracings and restraint cables. 


D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed 
for rigid equipment mountings and matched to type and size of anchor bolts and 
studs. 



http://www.specagent.com/Lookup?ulid=9105
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E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neo-
prene elements and steel sleeves designed for rigid equipment mountings and 
matched to type and size of attachment devices used. 


F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-
resistant neoprene, with a flat washer face. 


2.5 MECHANICAL ANCHOR BOLTS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Hilti, Inc. 
3. Mason Industries, Inc. 


B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications. Se-
lect anchor bolts with strength required for anchor and as tested according to 
ASTM E 488. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas and equipment to receive vibration isolation and seismic-control de-
vices for compliance with requirements for installation tolerances and other condi-
tions affecting performance of the Work. 


B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual lo-
cations before installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 APPLICATIONS 


A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with 
clamps approved for application by an agency acceptable to authorities having juris-
diction. 


B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on 
Drawings to receive them and where required to prevent buckling of hanger rods 
caused by seismic forces. 


C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select 
sizes of components so strength will be adequate to carry present and future static 
and seismic loads within specified loading limits. 


3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION 


A. Coordinate the location of embedded connection hardware with supported equip-
ment attachment and mounting points and with requirements for concrete reinforce-
ment and formwork specified in Section 033000 "Cast-in-Place Concrete." 
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B. Equipment and Hanger Restraints: 
1. Install resilient, bolt-isolation washers on equipment anchor bolts where 


clearance between anchor and adjacent surface exceeds 0.125 inch. 
2. Install seismic-restraint devices using methods approved by an agency ac-


ceptable to authorities having jurisdiction providing required submittals for 
component. 


C. Install cables so they do not bend across edges of adjacent equipment or building 
structure. 


D. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged 
to provide resilient media where equipment or equipment-mounting channels are at-
tached to wall. 


E. Attachment to Structure: If specific attachment is not indicated, anchor bracing to 
structure at flanges of beams, at upper truss chords of bar joists, or at concrete 
members. 


F. Drilled-in Anchors: 
1. Identify position of reinforcing steel and other embedded items prior to drill-


ing holes for anchors. Do not damage existing reinforcing or embedded 
items during coring or drilling. Notify the structural engineer if reinforcing 
steel or other embedded items are encountered during drilling. Locate and 
avoid prestressed tendons, electrical and telecommunications conduit, and 
gas lines. 


2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has 
achieved full design strength. 


3. Wedge Anchors: Protect threads from damage during anchor installation. 
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in 
the structural element to which anchor is to be fastened. 


4. Set anchors to manufacturer's recommended torque using a torque wrench. 
5. Install zinc-coated steel anchors for interior and stainless-steel anchors for 


exterior applications. 


3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 


A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and 
busways where they cross seismic joints, where adjacent sections or branches are 
supported by different structural elements, and where connection is terminated to 
equipment that is anchored to a different structural element from the one supporting 
them as they approach equipment. 


3.5 FIELD QUALITY CONTROL 


A. Perform the following tests and inspections: 
1. Provide evidence of recent calibration of test equipment by a testing agency 


acceptable to authorities having jurisdiction. 
2. Schedule test with Owner, through Architect, before connecting anchorage 


device to restrained component (unless postconnection testing has been 
approved), and with at least seven days' advance notice. 


3. Obtain Architect's approval before transmitting test loads to structure. Pro-
vide temporary load-spreading members. 
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4. Test at least four of each type and size of installed anchors and fasteners 
selected by Architect. 


5. Test to 90 percent of rated proof load of device. 


B. Seismic controls will be considered defective if they do not pass tests and inspec-
tions. 


C. Prepare test and inspection reports. 


3.6 ADJUSTING 


A. Adjust restraints to permit free movement of equipment within normal mode of oper-
ation. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Restraint channel bracings.

		2. Restraint cables.

		3. Seismic-restraint accessories.

		4. Mechanical anchor bolts.

		5. Adhesive anchor bolts.



		B. Related Requirements:

		1. Section 260529 "Hangers and Supports for Electrical Systems" for commonly used electrical supports and installation requirements.





		1.3 ACTION SUBMITTALS

		A. Product Data: For each type of product.

		1. Illustrate and indicate style, material, strength, fastening provision, and finish for each type and size of seismic-restraint component used.

		a. Tabulate types and sizes of seismic restraints, complete with report numbers and rated strength in tension and shear as evaluated by an agency acceptable to authorities having jurisdiction.

		b. Annotate to indicate application of each product submitted and compliance with requirements.





		B. Delegated-Design Submittal: For each seismic-restraint device.

		1. Include design calculations and details for selecting seismic restraints complying with performance requirements, design criteria, and analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

		2. Design Calculations: Calculate static and dynamic loading caused by equipment weight, operation, and seismic and wind forces required to select seismic and wind restraints and for designing vibration isolation bases.

		a. Coordinate design calculations with wind load calculations required for equipment mounted outdoors. Comply with requirements in other Sections for equipment mounted outdoors.



		3. Seismic- and Wind-Restraint Details:

		a. Design Analysis: To support selection and arrangement of seismic and wind restraints. Include calculations of combined tensile and shear loads.

		b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to the restrained items and to the structure. Show attachment locations, methods, and spacings. Identify components, list their strengths, and indicate directions and values of forces transmitted to the structure during seismic events. Indicate association with vibration isolation devices.

		c. Coordinate seismic-restraint and vibration isolation details with wind-restraint details required for equipment mounted outdoors. Comply with requirements in other Sections for equipment mounted outdoors.

		d. Preapproval and Evaluation Documentation: By an agency acceptable to authorities having jurisdiction, showing maximum ratings of restraint items and the basis for approval (tests or calculations).







		1.4 INFORMATIONAL SUBMITTALS

		A. Coordination Drawings: Show coordination of seismic bracing for electrical components with other systems and equipment in the vicinity, including other supports and seismic restraints.

		B. Qualification Data: For professional engineer.

		C. Welding certificates.

		D. Field quality-control reports.



		1.5 QUALITY ASSURANCE

		A. Comply with seismic-restraint requirements in the CBC unless requirements in this Section are more stringent.

		B. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."

		C. Seismic-restraint devices shall have horizontal and vertical load testing and analysis. They shall bear anchorage preapproval, showing maximum seismic-restraint ratings, by ICC-ES or another agency acceptable to authorities having jurisdiction. Ratings based on independent testing are preferred to ratings based on calculations. If preapproved ratings are not available, submittals based on independent testing are preferred. Calculations (including combining shear and tensile loads) that support seismic-restraint designs must be signed and sealed by a qualified professional engineer.

		D. Comply with CEC.





		PART 2 - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS

		A. Wind-Restraint Loading:

		1. Basic Wind Speed: 115 mph.

		2. Building Classification Category:  III.

		3. Minimum 10 lb/sq. ft. multiplied by maximum area of HVAC component projected on vertical plane normal to wind direction and 45 degrees either side of normal.



		B. Seismic-Restraint Loading:

		1. Site Class as Defined in the CBC:  D.

		2. Assigned Seismic Use Group or Building Category as Defined in the IBC:  III.

		a. Component Importance Factor:  1.25.

		b. Component Response Modification Factor:  1.5.

		c. Component Amplification Factor:  1.0.



		3. Design Spectral Response Acceleration at Short Periods (0.2 Second): 0.850 g.

		4. Design Spectral Response Acceleration at 1.0-Second Period: 0.45 g.





		2.2 RESTRAINT CHANNEL BRACINGS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Cooper B-Line, Inc.; a division of Cooper Industries.

		2. Hilti, Inc.

		3. Unistrut; an Atkore International company.



		B. Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel channels with accessories for attachment to braced component at one end and to building structure at the other end, with other matching components, and with corrosion-resistant coating; rated in tension, compression, and torsion forces.



		2.3 RESTRAINT CABLES

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Kinetics Noise Control, Inc.

		2. Loos & Co., Inc.

		3. Vibration Mountings & Controls, Inc.



		B. Restraint Cables:  ASTM A 603 galvanized-steel cables. End connections made of steel assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; with a minimum of two clamping bolts for cable engagement.



		2.4 SEISMIC-RESTRAINT ACCESSORIES

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Cooper B-Line, Inc.; a division of Cooper Industries.

		2. Kinetics Noise Control, Inc.

		3. Mason Industries, Inc.



		B. Hanger-Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted connections to hanger rod.

		C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers to rigid channel bracings and restraint cables.

		D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid equipment mountings and matched to type and size of anchor bolts and studs.

		E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings and matched to type and size of attachment devices used.

		F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene, with a flat washer face.



		2.5 MECHANICAL ANCHOR BOLTS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Cooper B-Line, Inc.; a division of Cooper Industries.

		2. Hilti, Inc.

		3. Mason Industries, Inc.



		B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior applications and stainless steel for exterior applications. Select anchor bolts with strength required for anchor and as tested according to ASTM E 488.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

		B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual locations before installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 APPLICATIONS

		A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with clamps approved for application by an agency acceptable to authorities having jurisdiction.

		B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods caused by seismic forces.

		C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of components so strength will be adequate to carry present and future static and seismic loads within specified loading limits.



		3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION

		A. Coordinate the location of embedded connection hardware with supported equipment attachment and mounting points and with requirements for concrete reinforcement and formwork specified in Section 033000 "Cast-in-Place Concrete."

		B. Equipment and Hanger Restraints:

		1. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance between anchor and adjacent surface exceeds 0.125 inch.

		2. Install seismic-restraint devices using methods approved by an agency acceptable to authorities having jurisdiction providing required submittals for component.



		C. Install cables so they do not bend across edges of adjacent equipment or building structure.

		D. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.

		E. Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.

		F. Drilled-in Anchors:

		1. Identify position of reinforcing steel and other embedded items prior to drilling holes for anchors. Do not damage existing reinforcing or embedded items during coring or drilling. Notify the structural engineer if reinforcing steel or other embedded items are encountered during drilling. Locate and avoid prestressed tendons, electrical and telecommunications conduit, and gas lines.

		2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full design strength.

		3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the structural element to which anchor is to be fastened.

		4. Set anchors to manufacturer's recommended torque using a torque wrench.

		5. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior applications.





		3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

		A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways where they cross seismic joints, where adjacent sections or branches are supported by different structural elements, and where connection is terminated to equipment that is anchored to a different structural element from the one supporting them as they approach equipment.



		3.5 FIELD QUALITY CONTROL

		A. Perform the following tests and inspections:

		1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to authorities having jurisdiction.

		2. Schedule test with Owner, through Architect, before connecting anchorage device to restrained component (unless postconnection testing has been approved), and with at least seven days' advance notice.

		3. Obtain Architect's approval before transmitting test loads to structure. Provide temporary load-spreading members.

		4. Test at least four of each type and size of installed anchors and fasteners selected by Architect.

		5. Test to 90 percent of rated proof load of device.



		B. Seismic controls will be considered defective if they do not pass tests and inspections.

		C. Prepare test and inspection reports.



		3.6 ADJUSTING

		A. Adjust restraints to permit free movement of equipment within normal mode of operation.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Underground-line warning tape. 
5. Warning labels and signs. 
6. Instruction signs. 
7. Equipment identification labels, including arc-flash warning labels. 
8. Miscellaneous identification products. 


1.3 SUBMITTALS 


A. Product Data: For each type of product. 
1. Include construction details, material descriptions, dimensions of individual 


components and profiles, and finishes for electrical identification products. 


B. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system 
components used in identification signs and labels. Use same designations indicated 
on Drawings. 


C. Delegated-Design Submittal: For arc-flash hazard study. 


PART 2 -  - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Comply with ASME A13.1. 


B. Comply with CEC. 


C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 


D. Comply with ANSI Z535.4 for safety signs and labels. 


E. Thermal Movements: Allow for thermal movements from ambient and surface 
temperature changes. 
1. Temperature Change:  120 deg F, ambient; 180 deg F, material surfaces. 
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2.2 COLOR AND LEGEND REQUIREMENTS 


A. Raceways and Cables Carrying Circuits at More Than 600 V: 
1. Black letters on an orange field. 
2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING." 


B. Warning labels and signs shall include, but are not limited to, the following legends: 
1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK 


HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES." 
2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA 


IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 
36 INCHES." 


C. Equipment Labels 
1. Naming Convention: Building Number – Equipment Identifier – Floor Number 


– Equipment Letter (e.g. Building 17 emergency lighting panelboard #2 
located on the 3


rd
 floor shall be labeled: 17EL3B) 


a. Equipment Identifiers shall be as follows: 
1) MS Main Switchboard 
2) L  Lighting Panelboard 
3) P  Power Panelboard 
4) EL  Emergency Lighting Panelboard 
5) EP  Emergency Power Panelboard 
6) LSL Life-Safety Lighting Panelboard 
7) LSP Life-Safety Power Panelboard 
8) FA  Fire Alarm Panel 
9) BMS Building Management System Panel 
10) SE  Security Panel 
11) DP  Distribution Panelboard 
12) DB Distribution Switchboard 
13) ATS Automatic Transfer Switch 
14) T  Transformer 
15) UPS UPS System 
16) U  UPS Panelboard 
17) GEN Emergency Generator 
18) PDU Power Distribution Unit 
19) USS Unit Substation 


2.3 LABELS 


A. Equipment Identification Labels: Engraved, laminated acrylic or melamine plastic 
label, self adhesive punched or drilled for mechanical fasteners. Unless otherwise 
indicated, provide a single line of text with 1/2-inch- high letters on 1-inch- high label 
a minimum of 3-inch wide; where two lines of text are required, use labels 2 inches 
high 


B. Underground-Line Warning Tape 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. Marking Services, Inc. 


 



http://www.specagent.com/Lookup?ulid=11484

http://www.specagent.com/Lookup?uid=123456980832

http://www.specagent.com/Lookup?uid=123456980899

http://www.specagent.com/Lookup?uid=123456980917
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2. Tape: 
a. Recommended by manufacturer for the method of installation and 


suitable to identify and locate underground electrical and 
communications utility lines. 


b. Printing on tape shall be permanent and shall not be damaged by 
burial operations. 


c. Tape material and ink shall be chemically inert and not subject to 
degradation when exposed to acids, alkalis, and other destructive 
substances commonly found in soils. 


d. Detectable three-layer laminate, consisting of a printed pigmented 
polyolefin film, a solid aluminum-foil core, and a clear protective film 
that allows inspection of the continuity of the conductive core; bright 
colored, continuous-printed on one side with the inscription of the 
utility, compounded for direct-burial service. 


e. Width: 3 inches. 
f. Thickness: 12 mils. 
g. Weight: 36.1 lb/1000 sq. ft.. 
h. Tensile according to ASTM D 882: 400 lbf and 11,500 psi. 


3. Color and Printing: 
a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, 


ANSI Z535.4, and ANSI Z535.5. 
b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH 


VOLTAGE". 
c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, 


CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER 
CABLE". 


C. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height 
shall be 1 inch. 


2.4 SIGNS 


A. Baked-Enamel Signs: 
1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, 


legend, and size required for application. 
2. 1/4-inch grommets in corners for mounting. 
3. Nominal Size: 7 by 10 inches. 
4. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. Carlton Industries, LP. 
b. Marking Services, Inc. 


2.5 CABLE TIES 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Ideal Industries, Inc. 
2. Marking Services, Inc. 
3. Panduit Corp. 


B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-
locking, Type 6/6 nylon. 
1. Minimum Width: 3/16 inch. 



http://www.specagent.com/Lookup?ulid=11480

http://www.specagent.com/Lookup?uid=123456980840

http://www.specagent.com/Lookup?uid=123456980914

http://www.specagent.com/Lookup?ulid=11486

http://www.specagent.com/Lookup?uid=123456980898

http://www.specagent.com/Lookup?uid=123456980918

http://www.specagent.com/Lookup?uid=123456980922
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2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black, except where used for color-coding. 


C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior 
sunlight, self-extinguishing, one piece, self-locking, Type 6/6 nylon. 
1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi. 
3. Temperature Range: Minus 40 to plus 185 deg F. 
4. Color: Black. 


D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, self-locking. 
1. Minimum Width: 3/16 inch. 
2. Tensile Strength at 73 deg F according to ASTM D 638: 7000 psi. 
3. UL 94 Flame Rating: 94V-0. 
4. Temperature Range: Minus 50 to plus 284 deg F. 
5. Color: Black. 


2.6 MISCELLANEOUS IDENTIFICATION PRODUCTS 


A. Paint: Comply with requirements in painting Sections for paint materials and 
application requirements. Retain paint system applicable for surface material and 
location (exterior or interior). 


B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-
steel machine screws with nuts and flat and lock washers. 


PART 3 -  - EXECUTION 


3.1 PREPARATION 


A. Self-Adhesive Identification Products: Before applying electrical identification 
products, clean substrates of substances that could impair bond, using materials and 
methods recommended by manufacturer of identification product. 


3.2 INSTALLATION 


A. Verify and coordinate identification names, abbreviations, colors, and other features 
with requirements in other Sections requiring identification applications, Drawings, 
Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance 
manual. Use consistent designations throughout Project. 


B. Install identifying devices before installing acoustical ceilings and similar 
concealment. 


C. Verify identity of each item before installing identification products. 


D. Install identification materials and devices at locations for most convenient viewing 
without interference with operation and maintenance of equipment. Install access 
doors or panels to provide view of identifying devices. 


E. Install all labels plumb and square to the switchgear frame at the top edge of the 
front face of the equipment. 
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F. Apply identification devices to surfaces that require finish after completing finish 
work. 


G. Attach signs and plastic labels that are not self-adhesive type with mechanical 
fasteners appropriate to the location and substrate. 


H. Attach plastic raceway and cable labels that are not self-adhesive type with clear 
vinyl tape, with adhesive appropriate to the location and substrate. 


I. Cable Ties: For attaching tags. Use general-purpose type, except as listed below: 
1. Outdoors: UV-stabilized nylon. 
2. In Spaces Handling Environmental Air: Plenum rated. 


J. Painted Identification: Comply with requirements in painting Sections for surface 
preparation and paint application. 


K. System Identification Color-Coding Bands for Raceways and Cables: Each color-
coding band shall completely encircle cable or conduit. Place adjacent bands of two-
color markings in contact, side by side. Locate bands at changes in direction, at 
penetrations of walls and floors, at 50-foot maximum intervals in straight runs, and at 
25-foot maximum intervals in congested areas. 


3.3 IDENTIFICATION SCHEDULE 


A. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and 
stencil 4-inch- wide black stripes on 10-inch centers over orange background that 
extends full length of raceway or duct and is 12 inches wide. Stencil legend 
"DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- high black letters 
on 20-inch centers. Stop stripes at legends. Apply stripes to the following finished 
surfaces: 
1. Floor surface directly above conduits running beneath and within 12 inches 


of a floor that is in contact with earth or is framed above unexcavated space. 
2. Wall surfaces directly external to raceways concealed within wall. 
3. Accessible surfaces of concrete envelope around raceways in vertical 


shafts, exposed in the building, or concealed above suspended ceilings. 


B. Accessible Raceways and Cables within Buildings: Identify the covers and inside of 
each junction and pull box with hand written label with permanent marker  (1/2” high 
minimum letters) indicating the circuit number and panel name of origin and voltage. 


C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in splices, 
terminations, vaults, pull and junction boxes, manholes, and handholes, use color-
coding conductor tape to identify the phase. 
1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: 


Use colors listed below for ungrounded service, feeder, and branch-circuit 
conductors. 
a. Color shall be factory applied. 
b. Colors for 208/120-V Circuits: 


1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 
4) Neutral: White. 
5) Ground: Green 
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c. Colors for 480/277-V Circuits: 
1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 
4) Neutral: Gray. 
5) Ground: Green 


D. Power-Circuit Conductor Identification, More Than 600 V:  Refer to Section 260553 
“Medium –Voltage Cables” for requirements. 


E. Control-Circuit Conductor Identification: For conductors and cables in pull and 
junction boxes, manholes, and handholes, use self-adhesive vinyl labels with the 
conductor or cable designation, origin, and destination. 


F. Control-Circuit Conductor Termination Identification: For identification at 
terminations, provide self-adhesive vinyl labels with the conductor designation. 


G. Conductors To Be Extended in the Future: Attach write-on tags to conductors and list 
source. 


H. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, 
control, and signal connections. 
1. Identify conductors, cables, and terminals in enclosures and at junctions, 


terminals, and pull points. Identify by system and circuit designation. 
2. Use system of marker-tape designations that is uniform and consistent with 


system used by manufacturer for factory-installed connections. 
3. Coordinate identification with Project Drawings, manufacturer's wiring 


diagrams, and operation and maintenance manual. 


I. Locations of Underground Lines: Identify with underground-line warning tape for 
power, lighting, communication, and control wiring and optical-fiber cable. 
1. Install underground-line warning tape for direct-buried cables and cables in 


raceways. 


J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: 
 Self adhesive warning signs. 
1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover 


of equipment, including, but not limited to, the following: 
a. Power-transfer switches. 
b. Controls with external control power connections. 


K. Arc Flash Warning Labeling: Self-adhesive thermal transfer vinyl labels. 
1. Comply with NFPA 70E and ANSI Z535.4. 
2. Comply with Section 260574 "Overcurrent Protective Device Arc-Flash 


Study" requirements for arc-flash warning labels. 


L. Operating Instruction Signs: Install instruction signs to facilitate proper operation and 
maintenance of electrical systems and items to which they connect. Install instruction 
signs with approved legend where instructions are needed for system or equipment 
operation. 
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M. Emergency Operating Instruction Signs: Install instruction signs with white legend on 
a red background with minimum 3/8-inch- high letters for emergency instructions at 
equipment used for power transfer. 


N. Equipment Identification Labels: On each unit of equipment, install unique 
designation label that is consistent with wiring diagrams, schedules, and operation 
and maintenance manual. Apply labels to disconnect switches and protection 
equipment, central or master units, control panels, control stations, terminal cabinets, 
and racks of each system. Systems include power, lighting, control, communication, 
signal, monitoring, and alarm unless equipment is provided with its own identification. 
1. Labeling Instructions: 


a. Indoor Equipment:  Engraved, laminated acrylic or melamine plastic 
label, self adhesive. Unless otherwise indicated, provide a single line 
of text with 1/2-inch- high letters on 1-inch- high and 3-inch wide 
label; where two lines of text are required, use labels 2 inches high. 


b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label. 
c. Elevated Components: Increase sizes of labels and letters to those 


appropriate for viewing from the floor. 
2. Equipment To Be Labeled: 


a. Panelboards: Typewritten directory of circuits in the location 
provided by panelboard manufacturer. Panelboard identification 
shall be in the form of a engraved, laminated acrylic or melamine 
label. 


b. Enclosures and electrical cabinets. 
c. Switchgear. 
d. Switchboards. 
e. Transformers: Label that includes tag designation shown on 


Drawings for the transformer. 
f. Substations. 
g. Motor-control centers. 
h. Enclosed switches. 
i. Enclosed circuit breakers. 
j. Enclosed controllers. 
k. Power-transfer equipment. 
l. Contactors. 
m. Remote-controlled switches, dimmer modules, and control devices. 
n. Battery-inverter units. 
o. Battery racks. 
p. Power-generating units. 
q. Monitoring and control equipment. 
r. UPS equipment. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Identification for raceways.

		2. Identification of power and control cables.

		3. Identification for conductors.

		4. Underground-line warning tape.

		5. Warning labels and signs.

		6. Instruction signs.

		7. Equipment identification labels, including arc-flash warning labels.

		8. Miscellaneous identification products.





		1.3 SUBMITTALS

		A. Product Data: For each type of product.

		1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for electrical identification products.



		B. Identification Schedule: For each piece of electrical equipment and electrical system components to be an index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated on Drawings.

		C. Delegated-Design Submittal: For arc-flash hazard study.





		PART 2 -  - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS

		A. Comply with ASME A13.1.

		B. Comply with CEC.

		C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

		D. Comply with ANSI Z535.4 for safety signs and labels.

		E. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.

		1. Temperature Change:  120 deg F, ambient; 180 deg F, material surfaces.





		2.2 COLOR AND LEGEND REQUIREMENTS

		A. Raceways and Cables Carrying Circuits at More Than 600 V:

		1. Black letters on an orange field.

		2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING."



		B. Warning labels and signs shall include, but are not limited to, the following legends:

		1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."

		2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."



		C. Equipment Labels

		1. Naming Convention: Building Number – Equipment Identifier – Floor Number – Equipment Letter (e.g. Building 17 emergency lighting panelboard #2 located on the 3rd floor shall be labeled: 17EL3B)

		a. Equipment Identifiers shall be as follows:

		1) MS	Main Switchboard

		2) L		Lighting Panelboard

		3) P		Power Panelboard

		4) EL		Emergency Lighting Panelboard

		5) EP		Emergency Power Panelboard

		6) LSL	Life-Safety Lighting Panelboard

		7) LSP	Life-Safety Power Panelboard

		8) FA		Fire Alarm Panel

		9) BMS	Building Management System Panel

		10) SE		Security Panel

		11) DP		Distribution Panelboard

		12) DB	Distribution Switchboard

		13) ATS	Automatic Transfer Switch

		14) T		Transformer

		15) UPS	UPS System

		16) U		UPS Panelboard

		17) GEN	Emergency Generator

		18) PDU	Power Distribution Unit

		19) USS	Unit Substation









		2.3 LABELS

		A. Equipment Identification Labels: Engraved, laminated acrylic or melamine plastic label, self adhesive punched or drilled for mechanical fasteners. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-inch- high label a minimum of 3-inch wide; where two lines of text are required, use labels 2 inches high

		B. Underground-Line Warning Tape

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Brady Corporation.

		b. Ideal Industries, Inc.

		c. Marking Services, Inc.



		2. Tape:

		a. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.

		b. Printing on tape shall be permanent and shall not be damaged by burial operations.

		c. Tape material and ink shall be chemically inert and not subject to degradation when exposed to acids, alkalis, and other destructive substances commonly found in soils.

		d. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, a solid aluminum-foil core, and a clear protective film that allows inspection of the continuity of the conductive core; bright colored, continuous-printed on one side with the inscription of the utility, compounded for direct-burial service.

		e. Width: 3 inches.

		f. Thickness: 12 mils.

		g. Weight: 36.1 lb/1000 sq. ft..

		h. Tensile according to ASTM D 882: 400 lbf and 11,500 psi.



		3. Color and Printing:

		a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5.

		b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE".

		c. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE".





		C. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 inch.



		2.4 SIGNS

		A. Baked-Enamel Signs:

		1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.

		2. 1/4-inch grommets in corners for mounting.

		3. Nominal Size: 7 by 10 inches.

		4. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Carlton Industries, LP.

		b. Marking Services, Inc.







		2.5 CABLE TIES

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Ideal Industries, Inc.

		2. Marking Services, Inc.

		3. Panduit Corp.



		B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, Type 6/6 nylon.

		1. Minimum Width: 3/16 inch.

		2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi.

		3. Temperature Range: Minus 40 to plus 185 deg F.

		4. Color: Black, except where used for color-coding.



		C. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, Type 6/6 nylon.

		1. Minimum Width: 3/16 inch.

		2. Tensile Strength at 73 deg F according to ASTM D 638: 12,000 psi.

		3. Temperature Range: Minus 40 to plus 185 deg F.

		4. Color: Black.



		D. Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, self-locking.

		1. Minimum Width: 3/16 inch.

		2. Tensile Strength at 73 deg F according to ASTM D 638: 7000 psi.

		3. UL 94 Flame Rating: 94V-0.

		4. Temperature Range: Minus 50 to plus 284 deg F.

		5. Color: Black.





		2.6 MISCELLANEOUS IDENTIFICATION PRODUCTS

		A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain paint system applicable for surface material and location (exterior or interior).

		B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.





		PART 3 -  - EXECUTION

		3.1 PREPARATION

		A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.



		3.2 INSTALLATION

		A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent designations throughout Project.

		B. Install identifying devices before installing acoustical ceilings and similar concealment.

		C. Verify identity of each item before installing identification products.

		D. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.

		E. Install all labels plumb and square to the switchgear frame at the top edge of the front face of the equipment.

		F. Apply identification devices to surfaces that require finish after completing finish work.

		G. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.

		H. Attach plastic raceway and cable labels that are not self-adhesive type with clear vinyl tape, with adhesive appropriate to the location and substrate.

		I. Cable Ties: For attaching tags. Use general-purpose type, except as listed below:

		1. Outdoors: UV-stabilized nylon.

		2. In Spaces Handling Environmental Air: Plenum rated.



		J. Painted Identification: Comply with requirements in painting Sections for surface preparation and paint application.

		A. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band shall completely encircle cable or conduit. Place adjacent bands of two-color markings in contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors, at 50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested areas.



		3.3 IDENTIFICATION SCHEDULE

		A. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and stencil 4-inch- wide black stripes on 10-inch centers over orange background that extends full length of raceway or duct and is 12 inches wide. Stencil legend "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- high black letters on 20-inch centers. Stop stripes at legends. Apply stripes to the following finished surfaces:

		1. Floor surface directly above conduits running beneath and within 12 inches of a floor that is in contact with earth or is framed above unexcavated space.

		2. Wall surfaces directly external to raceways concealed within wall.

		3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in the building, or concealed above suspended ceilings.



		B. Accessible Raceways and Cables within Buildings: Identify the covers and inside of each junction and pull box with hand written label with permanent marker  (1/2” high minimum letters) indicating the circuit number and panel name of origin and voltage.

		C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in splices, terminations, vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.

		1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for ungrounded service, feeder, and branch-circuit conductors.

		a. Color shall be factory applied.

		b. Colors for 208/120-V Circuits:

		1) Phase A: Black.

		2) Phase B: Red.

		3) Phase C: Blue.

		4) Neutral: White.

		5) Ground: Green



		c. Colors for 480/277-V Circuits:

		1) Phase A: Brown.

		2) Phase B: Orange.

		3) Phase C: Yellow.

		4) Neutral: Gray.

		5) Ground: Green







		D. Power-Circuit Conductor Identification, More Than 600 V:  Refer to Section 260553 “Medium –Voltage Cables” for requirements.

		E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use self-adhesive vinyl labels with the conductor or cable designation, origin, and destination.

		F. Control-Circuit Conductor Termination Identification: For identification at terminations, provide self-adhesive vinyl labels with the conductor designation.

		G. Conductors To Be Extended in the Future: Attach write-on tags to conductors and list source.

		H. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.

		1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. Identify by system and circuit designation.

		2. Use system of marker-tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.

		3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.



		I. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical-fiber cable.

		1. Install underground-line warning tape for direct-buried cables and cables in raceways.



		J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self adhesive warning signs.

		1. Comply with 29 CFR 1910.145.

		2. Identify system voltage with black letters on an orange background.

		3. Apply to exterior of door, cover, or other access.

		4. For equipment with multiple power or control sources, apply to door or cover of equipment, including, but not limited to, the following:

		a. Power-transfer switches.

		b. Controls with external control power connections.





		K. Arc Flash Warning Labeling: Self-adhesive thermal transfer vinyl labels.

		1. Comply with NFPA 70E and ANSI Z535.4.

		2. Comply with Section 260574 "Overcurrent Protective Device Arc-Flash Study" requirements for arc-flash warning labels.



		L. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect. Install instruction signs with approved legend where instructions are needed for system or equipment operation.

		M. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 3/8-inch- high letters for emergency instructions at equipment used for power transfer.

		N. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual. Apply labels to disconnect switches and protection equipment, central or master units, control panels, control stations, terminal cabinets, and racks of each system. Systems include power, lighting, control, communication, signal, monitoring, and alarm unless equipment is provided with its own identification.

		1. Labeling Instructions:

		a. Indoor Equipment:  Engraved, laminated acrylic or melamine plastic label, self adhesive. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-inch- high and 3-inch wide label; where two lines of text are required, use labels 2 inches high.

		b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.

		c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the floor.



		2. Equipment To Be Labeled:

		a. Panelboards: Typewritten directory of circuits in the location provided by panelboard manufacturer. Panelboard identification shall be in the form of a engraved, laminated acrylic or melamine label.

		b. Enclosures and electrical cabinets.

		c. Switchgear.

		d. Switchboards.

		e. Transformers: Label that includes tag designation shown on Drawings for the transformer.

		f. Substations.

		g. Motor-control centers.

		h. Enclosed switches.

		i. Enclosed circuit breakers.

		j. Enclosed controllers.

		k. Power-transfer equipment.

		l. Contactors.

		m. Remote-controlled switches, dimmer modules, and control devices.

		n. Battery-inverter units.

		o. Battery racks.

		p. Power-generating units.

		q. Monitoring and control equipment.

		r. UPS equipment.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section includes a computer-based, fault-current study to determine the minimum 
interrupting capacity of circuit protective devices. 


1.3 DEFINITIONS 


A. Existing to Remain: Existing items of construction that are not to be removed and 
that are not otherwise indicated to be removed, removed and salvaged, or removed 
and reinstalled. 


B. One-Line Diagram: A diagram which shows, by means of single lines and graphic 
symbols, the course of an electric circuit or system of circuits and the component 
devices or parts used therein. 


C. Protective Device: A device that senses when an abnormal current flow exists and 
then removes the affected portion from the system. 


D. SCCR: Short-circuit current rating. 


E. Service: The conductors and equipment for delivering electric energy from the 
serving utility to the wiring system of the premises served. 


1.4 ACTION SUBMITTALS 


A. Product Data: For computer software program to be used for studies. 


B. Other Action Submittals: Submit the following after the approval of system protective 
devices submittals. Submittals shall be in digital form. 
1. Short-circuit study input data, including completed computer program input 


data sheets. 
2. Short-circuit study and equipment evaluation report; signed, dated, and 


sealed by a qualified professional engineer. 
a. Submit study report for action prior to receiving final approval of the 


distribution equipment submittals. If formal completion of studies will 
cause delay in equipment manufacturing, obtain approval from 
Architect for preliminary submittal of sufficient study data to ensure 
that the selection of devices and associated characteristics is 
satisfactory. 


b. Revised single-line diagram, reflecting field investigation results and 
results of short-circuit study. 
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1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For Short-Circuit Study Specialist. 


B. Product Certificates: For short-circuit study software, certifying compliance with 
IEEE 399. 


1.6 QUALITY ASSURANCE 


A. Studies shall use computer programs that are distributed nationally and are in wide 
use. Software algorithms shall comply with requirements of standards and guides 
specified in this Section. Manual calculations are unacceptable. 


B. Short-Circuit Study Software Developer Qualifications: An entity that owns and 
markets computer software used for studies, having performed successful studies of 
similar magnitude on electrical distribution systems using similar devices. 
1. The computer program shall be developed under the charge of a licensed 


professional engineer who holds IEEE Computer Society's Certified 
Software Development Professional certification. 


C. Short-Circuit Study Specialist Qualifications: Professional engineer in charge of 
performing the study and documenting recommendations, licensed in the state 
where Project is located. All elements of the study shall be performed under the 
direct supervision and control of this professional engineer. 


PART 2 - PRODUCTS 


2.1 COMPUTER SOFTWARE 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. CGI CYME. 
2. SKM Systems Analysis, Inc. 


B. Comply with IEEE 399 and IEEE 551. 


C. Analytical features of fault-current-study computer software program shall have the 
capability to calculate "mandatory," "very desirable," and "desirable" features as 
listed in IEEE 399. 


D. Computer software program shall be capable of plotting and diagramming time-
current-characteristic curves as part of its output. 


2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS 


A. Executive summary. 


B. Study descriptions, purpose, basis, and scope. Include case descriptions, definition 
of terms, and guide for interpretation of the computer printout. 


C. One-line diagram, showing the following: 
1. Protective device designations and ampere ratings. 
2. Cable size and lengths. 
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3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, and panelboard 


designations. 


D. Comments and recommendations for system improvements, where needed. 


E. Protective Device Evaluation: 
1. Evaluate equipment and protective devices and compare to short-circuit 


ratings. 
2. Tabulations of circuit breaker, fuse, and other protective device ratings 


versus calculated short-circuit duties. 
3. For 600-V overcurrent protective devices, ensure that interrupting ratings 


are equal to or higher than calculated 1/2-cycle symmetrical fault current. 
4. For devices and equipment rated for asymmetrical fault current, apply 


multiplication factors listed in the standards to 1/2-cycle symmetrical fault 
current. 


5. Verify adequacy of phase conductors at maximum three-phase bolted fault 
currents; verify adequacy of equipment grounding conductors and grounding 
electrode conductors at maximum ground-fault currents. Ensure that short-
circuit withstand ratings are equal to or higher than calculated 1/2-cycle 
symmetrical fault current. 


F. Short-Circuit Study Input Data: As described in "Power System Data" Article in the 
Evaluations. 


G. Short-Circuit Study Output: 
1. Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, 


showing the following for each overcurrent device location: 
a. Voltage. 
b. Calculated fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. Equivalent impedance. 


2. Momentary Duty Report: Three-phase and unbalanced fault calculations, 
showing the following for each overcurrent device location: 
a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. Calculated asymmetrical fault currents: 


1) Based on fault-point X/R ratio. 
2) Based on calculated symmetrical value multiplied by 1.6. 
3) Based on calculated symmetrical value multiplied by 2.7. 


3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, 
showing the following for each overcurrent device location: 
a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on 


a symmetrical basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on 


a total basis. 
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PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Obtain all data necessary for the conduct of the study. 
1. Verify completeness of data supplied on the one-line diagram. Call any 


discrepancies to the attention of Architect. 
2. For equipment provided that is Work of this Project, use characteristics 


submitted under the provisions of action submittals and information 
submittals for this Project. 


3. For equipment that is existing to remain, obtain required electrical 
distribution system data by field investigation and surveys, conducted by 
qualified technicians and engineers. The qualifications of technicians and 
engineers shall be qualified as defined by NFPA 70E. 


B. Gather and tabulate the following input data to support the short-circuit study. 
Comply with recommendations in IEEE 551 as to the amount of detail that is 
required to be acquired in the field. Field data gathering shall be under the direct 
supervision and control of the engineer in charge of performing the study, and shall 
be by the engineer or its representative who holds NETA ETT Level III certification 
or NICET Electrical Power Testing Level III certification. 
1. Product Data for Project's overcurrent protective devices involved in 


overcurrent protective device coordination studies. Use equipment 
designation tags that are consistent with electrical distribution system 
diagrams, overcurrent protective device submittals, input and output data, 
and recommended device settings. 


2. Obtain electrical power utility impedance at the service. 
3. Power sources and ties. 
4. For transformers, include kVA, primary and secondary voltages, connection 


type, impedance, X/R ratio, taps measured in percent, and phase shift. 
5. For reactors, provide manufacturer and model designation, voltage rating, 


and impedance. 
6. For circuit breakers and fuses, provide manufacturer and model designation. 


List type of breaker, type of trip, SCCR, current rating, and breaker settings. 
7. Generator short-circuit current contribution data, including short-circuit 


reactance, rated kVA, rated voltage, and X/R ratio. 
8. Busway manufacturer and model designation, current rating, impedance, 


lengths, and conductor material. 
9. Motor horsepower and NEMA MG 1 code letter designation. 
10. Cable sizes, lengths, number, conductor material and conduit material 


(magnetic or nonmagnetic). 


3.2 SHORT-CIRCUIT STUDY 


A. Perform study following the general study procedures contained in IEEE 399. 


B. Calculate short-circuit currents according to IEEE 551. 


C. Base study on the device characteristics supplied by device manufacturer. 


D. Begin short-circuit current analysis at the service, extending down to the system 
overcurrent protective devices as follows: 
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1. To normal system low-voltage load buses where fault current is 10 kA or 
less. 


E. Study electrical distribution system from normal and alternate power sources 
throughout electrical distribution system for Project. Study all cases of system-
switching configurations and alternate operations that could result in maximum fault 
conditions. 


F. The calculations shall include the ac fault-current decay from induction motors, 
synchronous motors, and asynchronous generators and shall apply to low- and 
medium-voltage, three-phase ac systems. The calculations shall also account for the 
fault-current dc decrement, to address the asymmetrical requirements of the 
interrupting equipment. 
1. For grounded systems, provide a bolted line-to-ground fault-current study for 


areas as defined for the three-phase bolted fault short-circuit study. 


G. Calculate short-circuit momentary and interrupting duties for a three-phase bolted 
fault at each of the following: 
1. Incoming switchgear. 
2. Low-voltage switchgear. 
3. Control panels. 
4. Standby generators and automatic transfer switches. 
5. Branch circuit panelboards. 
6. Disconnect switches. 


3.3 ADJUSTING 


A. Make minor modifications to equipment as required to accomplish compliance with 
short-circuit study. 


3.4 DEMONSTRATION 


A. Train Owner's operating and maintenance personnel in the use of study results. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section includes computer-based, overcurrent protective device coordination studies 
to determine overcurrent protective devices and to determine overcurrent protective 
device settings for selective tripping. 
1. Study results shall be used to determine coordination of series-rated 


devices. 


1.3 DEFINITIONS 


A. Existing to Remain: Existing items of construction that are not to be removed and 
that are not otherwise indicated to be removed, removed and salvaged, or removed 
and reinstalled. 


B. One-Line Diagram: A diagram which shows, by means of single lines and graphic 
symbols, the course of an electric circuit or system of circuits and the component 
devices or parts used therein. 


C. Protective Device: A device that senses when an abnormal current flow exists and 
then removes the affected portion from the system. 


D. SCCR: Short-circuit current rating. 


E. Service: The conductors and equipment for delivering electric energy from the 
serving utility to the wiring system of the premises served. 


1.4 ACTION SUBMITTALS 


A. Product Data: For computer software program to be used for studies. 


B. Other Action Submittals: Submit the following after the approval of system protective 
devices submittals. Submittals shall be in digital form. 
1. Coordination-study input data, including completed computer program input 


data sheets. 
2. Study and equipment evaluation reports. 
3. Overcurrent protective device coordination study report; signed, dated, and 


sealed by a qualified professional engineer. 
a. Submit study report for action prior to receiving final approval of the 


distribution equipment submittals. If formal completion of studies will 
cause delay in equipment manufacturing, obtain approval from 
Architect for preliminary submittal of sufficient study data to ensure 
that the selection of devices and associated characteristics is 
satisfactory. 
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1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For Coordination Study Specialist. 


B. Product Certificates: For overcurrent protective device coordination study software, 
certifying compliance with IEEE 399. 


1.6 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For the overcurrent protective devices to include 
in emergency, operation, and maintenance manuals. 
1. In addition to items specified in Section 017823 "Operation and 


Maintenance Data," include the following: 
a. The following parts from the Protective Device Coordination Study 


Report: 
1) One-line diagram. 
2) Protective device coordination study. 
3) Time-current coordination curves. 


b. Power system data. 


1.7 QUALITY ASSURANCE 


A. Studies shall use computer programs that are distributed nationally and are in wide 
use. Software algorithms shall comply with requirements of standards and guides 
specified in this Section. Manual calculations are unacceptable. 


B. Coordination Study Software Developer Qualifications: An entity that owns and 
markets computer software used for studies, having performed successful studies of 
similar magnitude on electrical distribution systems using similar devices. 
1. The computer program shall be developed under the charge of a licensed 


professional engineer who holds IEEE Computer Society's Certified 
Software Development Professional certification. 


C. Coordination Study Specialist Qualifications: Professional engineer in charge of 
performing the study and documenting recommendations, licensed in the state 
where Project is located. All elements of the study shall be performed under the 
direct supervision and control of this professional engineer. 


PART 2 - PRODUCTS 


2.1 COMPUTER SOFTWARE DEVELOPERS 


A. Software Developers: 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. CGI CYME. 
b. SKM Systems Analysis, Inc. 


B. Comply with IEEE 242 and IEEE 399. 



http://www.specagent.com/Lookup?ulid=1919

http://www.specagent.com/Lookup?uid=123456971824

http://www.specagent.com/Lookup?uid=123456971823
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C. Analytical features of device coordination study computer software program shall 
have the capability to calculate "mandatory," "very desirable," and "desirable" 
features as listed in IEEE 399. 


D. Computer software program shall be capable of plotting and diagramming time-
current-characteristic curves as part of its output. Computer software program shall 
report device settings and ratings of all overcurrent protective devices and shall 
demonstrate selective coordination by computer-generated, time-current 
coordination plots. 
1. Optional Features: 


a. Arcing faults. 
b. Simultaneous faults. 
c. Explicit negative sequence. 
d. Mutual coupling in zero sequence. 


2.2 PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS 


A. Executive summary. 


B. Study descriptions, purpose, basis and scope. Include case descriptions, definition 
of terms and guide for interpretation of the computer printout. 


C. One-line diagram, showing the following: 
1. Protective device designations and ampere ratings. 
2. Cable size and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center, and panelboard 


designations. 


D. Study Input Data: As described in "Power System Data" Article. 


E. Short-Circuit Study Output: As specified in "Short-Circuit Study Output" Paragraph in 
"Short-Circuit Study Report Contents" Article in Section 260572 "Overcurrent 
Protective Device Short-Circuit Study." 


F. Protective Device Coordination Study: 
1. Report recommended settings of protective devices, ready to be applied in 


the field. Use manufacturer's data sheets for recording the recommended 
setting of overcurrent protective devices when available. 
a. Phase and Ground Relays: 


1) Device tag. 
2) Relay current transformer ratio and tap, time dial, and 


instantaneous pickup value. 
3) Recommendations on improved relaying systems, if 


applicable. 
b. Circuit Breakers: 


1) Adjustable pickups and time delays (long time, short time, 
ground). 


2) Adjustable time-current characteristic. 
3) Adjustable instantaneous pickup. 
4) Recommendations on improved trip systems, if applicable. 


c. Fuses: Show current rating, voltage, and class. 
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G. Time-Current Coordination Curves: Determine settings of overcurrent protective 
devices to achieve selective coordination. Graphically illustrate that adequate time 
separation exists between devices installed in series, including power utility 
company's upstream devices. Prepare separate sets of curves for the switching 
schemes and for emergency periods where the power source is local generation. 
Show the following information: 
1. Device tag and title, one-line diagram with legend identifying the portion of 


the system covered. 
2. Terminate device characteristic curves at a point reflecting maximum 


symmetrical or asymmetrical fault current to which the device is exposed. 
3. Identify the device associated with each curve by manufacturer type, 


function, and, if applicable, tap, time delay, and instantaneous settings 
recommended. 


4. Plot the following listed characteristic curves, as applicable: 
a. Power utility's overcurrent protective device. 
b. Medium-voltage equipment overcurrent relays. 
c. Medium- and low-voltage fuses including manufacturer's minimum 


melt, total clearing, tolerance, and damage bands. 
d. Low-voltage equipment circuit-breaker trip devices, including 


manufacturer's tolerance bands. 
e. Transformer full-load current, magnetizing inrush current, and ANSI 


through-fault protection curves. 
f. Cables and conductors damage curves. 
g. Ground-fault protective devices. 
h. Motor-starting characteristics and motor damage points. 
i. Generator short-circuit decrement curve and generator damage 


point. 
j. The largest feeder circuit breaker in each motor-control center and 


panelboard. 
5. Series rating on equipment allows the application of two series interrupting 


devices for a condition where the available fault current is greater than the 
interrupting rating of the downstream equipment. Both devices share in the 
interruption of the fault and selectivity is sacrificed at high fault levels. 
Maintain selectivity for tripping currents caused by overloads. 


6. Provide adequate time margins between device characteristics such that 
selective operation is achieved. 


7. Comments and recommendations for system improvements. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine Project overcurrent protective device submittals for compliance with 
electrical distribution system coordination requirements and other conditions 
affecting performance. Devices to be coordinated are indicated on Drawings. 
1. Proceed with coordination study only after relevant equipment submittals 


have been assembled. Overcurrent protective devices that have not been 
submitted and approved prior to coordination study may not be used in 
study. 
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3.2 PROTECTIVE DEVICE COORDINATION STUDY 


A. Comply with IEEE 242 for calculating short-circuit currents and determining 
coordination time intervals. 


B. Comply with IEEE 399 for general study procedures. 


C. The study shall be based on the device characteristics supplied by device 
manufacturer. 


D. Begin analysis at the service, extending down to the system overcurrent protective 
devices as follows: 
1. To normal system low-voltage load buses where fault current is 10 kA or 


less. 


E. Study electrical distribution system from normal and alternate power sources 
throughout electrical distribution system for Project. Study all cases of system-
switching configurations and alternate operations that could result in maximum fault 
conditions. 


F. Transformer Primary Overcurrent Protective Devices: 
1. Device shall not operate in response to the following: 


a. Inrush current when first energized. 
b. Self-cooled, full-load current or forced-air-cooled, full-load current, 


whichever is specified for that transformer. 
c. Permissible transformer overloads according to IEEE C57.96 if 


required by unusual loading or emergency conditions. 
2. Device settings shall protect transformers according to IEEE C57.12.00, for 


fault currents. 


G. Motor Protection: 
1. Select protection for low-voltage motors according to IEEE 242 and CEC. 
2. Select protection for motors served at voltages more than 600 V according 


to IEEE 620. 


H. Conductor Protection: Protect cables against damage from fault currents according 
to ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242. 
Demonstrate that equipment withstands the maximum short-circuit current for a time 
equivalent to the tripping time of the primary relay protection or total clearing time of 
the fuse. To determine temperatures that damage insulation, use curves from cable 
manufacturers or from listed standards indicating conductor size and short-circuit 
current. 


I. Generator Protection: Select protection according to manufacturer's written 
recommendations and to IEEE 242. 


J. The calculations shall include the ac fault-current decay from induction motors, 
synchronous motors, and asynchronous generators and shall apply to low- and 
medium-voltage, three-phase ac systems. The calculations shall also account for the 
fault-current dc decrement, to address the asymmetrical requirements of the 
interrupting equipment. 
1. For grounded systems, provide a bolted line-to-ground fault-current study for 


areas as defined for the three-phase bolted fault short-circuit study. 
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K. Calculate short-circuit momentary and interrupting duties for a three-phase bolted 
fault and single line-to-ground fault at each of the following: 
1. Switchgear. 
2. Low-voltage switchgear. 
3. Standby generators and automatic transfer switches. 
4. Branch circuit panelboards. 


L. Protective Device Evaluation: 
1. Evaluate equipment and protective devices and compare to short-circuit 


ratings. 
2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to 


withstand short-circuit stresses. 
3. Any application of series-rated devices shall be recertified, complying with 


requirements in CEC. 


3.3 LOAD-FLOW AND VOLTAGE-DROP STUDY 


A. Perform a load-flow and voltage-drop study to determine the steady-state loading 
profile of the system. Analyze power system performance two times as follows: 
1. Determine load-flow and voltage drop based on full-load currents obtained 


in "Power System Data" Article. 
2. Determine load-flow and voltage drop based on 80 percent of the design 


capacity of the load buses. 
3. Prepare the load-flow and voltage-drop analysis and report to show power 


system components that are overloaded, or might become overloaded; 
show bus voltages that are less than as prescribed by CEC. 


3.4 MOTOR-STARTING STUDY 


A. Perform a motor-starting study to analyze the transient effect of the system's voltage 
profile during motor starting. Calculate significant motor-starting voltage profiles and 
analyze the effects of the motor starting on the power system stability. 


B. Prepare the motor-starting study report, noting light flicker for limits proposed by 
IEEE 141 and voltage sags so as not to affect the operation of other utilization 
equipment on the system supplying the motor. 


3.5 POWER SYSTEM DATA 


A. Obtain all data necessary for the conduct of the overcurrent protective device study. 
1. Verify completeness of data supplied in the one-line diagram on Drawings. 


Call discrepancies to the attention of Architect. 
2. For new equipment, use characteristics submitted under the provisions of 


action submittals and information submittals for this Project. 
3. For existing equipment, whether or not relocated obtain required electrical 


distribution system data by field investigation and surveys, conducted by 
qualified technicians and engineers. The qualifications of technicians and 
engineers shall be qualified as defined by NFPA 70E. 


B. Gather and tabulate the following input data to support coordination study. The list 
below is a guide. Comply with recommendations in IEEE 551 for the amount of 
detail required to be acquired in the field. Field data gathering shall be under the 
direct supervision and control of the engineer in charge of performing the study, and 
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shall be by the engineer or its representative who holds NETA ETT Level III 
certification or NICET Electrical Power Testing Level III certification. 
1. Product Data for overcurrent protective devices specified in other Sections 


and involved in overcurrent protective device coordination studies. Use 
equipment designation tags that are consistent with electrical distribution 
system diagrams, overcurrent protective device submittals, input and output 
data, and recommended device settings. 


2. Electrical power utility impedance at the service. 
3. Power sources and ties. 
4. Short-circuit current at each system bus, three phase and line-to-ground. 
5. Full-load current of all loads. 
6. Voltage level at each bus. 
7. For transformers, include kVA, primary and secondary voltages, connection 


type, impedance, X/R ratio, taps measured in percent, and phase shift. 
8. For reactors, provide manufacturer and model designation, voltage rating, 


and impedance. 
9. For circuit breakers and fuses, provide manufacturer and model designation. 


List type of breaker, type of trip and available range of settings, SCCR, 
current rating, and breaker settings. 


10. Generator short-circuit current contribution data, including short-circuit 
reactance, rated kVA, rated voltage, and X/R ratio. 


11. For relays, provide manufacturer and model designation, current 
transformer ratios, potential transformer ratios, and relay settings. 


12. Maximum demands from service meters. 
13. Busway manufacturer and model designation, current rating, impedance, 


lengths, and conductor material. 
14. Motor horsepower and NEMA MG 1 code letter designation. 
15. Low-voltage cable sizes, lengths, number, conductor material, and conduit 


material (magnetic or nonmagnetic). 
16. Medium-voltage cable sizes, lengths, conductor material, and cable 


construction and metallic shield performance parameters. 
17. Data sheets to supplement electrical distribution system diagram, cross-


referenced with tag numbers on diagram, showing the following: 
a. Special load considerations, including starting inrush currents and 


frequent starting and stopping. 
b. Transformer characteristics, including primary protective device, 


magnetic inrush current, and overload capability. 
c. Motor full-load current, locked rotor current, service factor, starting 


time, type of start, and thermal-damage curve. 
d. Generator thermal-damage curve. 
e. Ratings, types, and settings of utility company's overcurrent 


protective devices. 
f. Special overcurrent protective device settings or types stipulated by 


utility company. 
g. Time-current-characteristic curves of devices indicated to be 


coordinated. 
h. Manufacturer, frame size, interrupting rating in amperes rms 


symmetrical, ampere or current sensor rating, long-time adjustment 
range, short-time adjustment range, and instantaneous adjustment 
range for circuit breakers. 


i. Manufacturer and type, ampere-tap adjustment range, time-delay 
adjustment range, instantaneous attachment adjustment range, and 
current transformer ratio for overcurrent relays. 
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j. Panelboards, switchboards, motor-control center ampacity, and 
SCCR in amperes rms symmetrical. 


k. Identify series-rated interrupting devices for a condition where the 
available fault current is greater than the interrupting rating of the 
downstream equipment. Obtain device data details to allow 
verification that series application of these devices complies with 
CEC and UL 489 requirements. 


3.6 FIELD ADJUSTING 


A. Adjust relay and protective device settings according to the recommended settings 
provided by the coordination study. Field adjustments shall be completed by the 
engineering service division of the equipment manufacturer under the Startup and 
Acceptance Testing contract portion. 


B. Make minor modifications to equipment as required to accomplish compliance with 
short-circuit and protective device coordination studies. 
1. Perform each visual and mechanical inspection and electrical test stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. Perform NETA tests and inspections for all adjustable 
overcurrent protective devices. 


3.7 DEMONSTRATION 


A. Engage the Coordination Study Specialist to train Owner's maintenance personnel in 
the following: 
1. Acquaint personnel in the fundamentals of operating the power system in 


normal and emergency modes. 
2. Hand-out and explain the objectives of the coordination study, study 


descriptions, purpose, basis, and scope. Include case descriptions, 
definition of terms, and guide for interpreting the time-current coordination 
curves. 


3. Adjust, operate, and maintain overcurrent protective device settings. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section includes computer-based, overcurrent protective device coordination studies to determine overcurrent protective devices and to determine overcurrent protective device settings for selective tripping.

		1. Study results shall be used to determine coordination of series-rated devices.





		1.3 DEFINITIONS

		A. Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

		B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the course of an electric circuit or system of circuits and the component devices or parts used therein.

		C. Protective Device: A device that senses when an abnormal current flow exists and then removes the affected portion from the system.

		D. SCCR: Short-circuit current rating.

		E. Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring system of the premises served.



		1.4 ACTION SUBMITTALS

		A. Product Data: For computer software program to be used for studies.

		B. Other Action Submittals: Submit the following after the approval of system protective devices submittals. Submittals shall be in digital form.

		1. Coordination-study input data, including completed computer program input data sheets.

		2. Study and equipment evaluation reports.

		3. Overcurrent protective device coordination study report; signed, dated, and sealed by a qualified professional engineer.

		a. Submit study report for action prior to receiving final approval of the distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficient study data to ensure that the selection of devices and associated characteristics is satisfactory.







		1.5 INFORMATIONAL SUBMITTALS

		A. Qualification Data: For Coordination Study Specialist.

		B. Product Certificates: For overcurrent protective device coordination study software, certifying compliance with IEEE 399.



		1.6 CLOSEOUT SUBMITTALS

		A. Operation and Maintenance Data: For the overcurrent protective devices to include in emergency, operation, and maintenance manuals.

		1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		a. The following parts from the Protective Device Coordination Study Report:

		1) One-line diagram.

		2) Protective device coordination study.

		3) Time-current coordination curves.



		b. Power system data.







		1.7 QUALITY ASSURANCE

		A. Studies shall use computer programs that are distributed nationally and are in wide use. Software algorithms shall comply with requirements of standards and guides specified in this Section. Manual calculations are unacceptable.

		B. Coordination Study Software Developer Qualifications: An entity that owns and markets computer software used for studies, having performed successful studies of similar magnitude on electrical distribution systems using similar devices.

		1. The computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.



		C. Coordination Study Specialist Qualifications: Professional engineer in charge of performing the study and documenting recommendations, licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.





		PART 2 - PRODUCTS

		2.1 COMPUTER SOFTWARE DEVELOPERS

		A. Software Developers:

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. CGI CYME.

		b. SKM Systems Analysis, Inc.





		B. Comply with IEEE 242 and IEEE 399.

		C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory," "very desirable," and "desirable" features as listed in IEEE 399.

		D. Computer software program shall be capable of plotting and diagramming time-current-characteristic curves as part of its output. Computer software program shall report device settings and ratings of all overcurrent protective devices and shall demonstrate selective coordination by computer-generated, time-current coordination plots.

		1. Optional Features:

		a. Arcing faults.

		b. Simultaneous faults.

		c. Explicit negative sequence.

		d. Mutual coupling in zero sequence.







		2.2 PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS

		A. Executive summary.

		B. Study descriptions, purpose, basis and scope. Include case descriptions, definition of terms and guide for interpretation of the computer printout.

		C. One-line diagram, showing the following:

		1. Protective device designations and ampere ratings.

		2. Cable size and lengths.

		3. Transformer kilovolt ampere (kVA) and voltage ratings.

		4. Motor and generator designations and kVA ratings.

		5. Switchgear, switchboard, motor-control center, and panelboard designations.



		D. Study Input Data: As described in "Power System Data" Article.

		E. Short-Circuit Study Output: As specified in "Short-Circuit Study Output" Paragraph in "Short-Circuit Study Report Contents" Article in Section 260572 "Overcurrent Protective Device Short-Circuit Study."

		F. Protective Device Coordination Study:

		1. Report recommended settings of protective devices, ready to be applied in the field. Use manufacturer's data sheets for recording the recommended setting of overcurrent protective devices when available.

		a. Phase and Ground Relays:

		1) Device tag.

		2) Relay current transformer ratio and tap, time dial, and instantaneous pickup value.

		3) Recommendations on improved relaying systems, if applicable.



		b. Circuit Breakers:

		1) Adjustable pickups and time delays (long time, short time, ground).

		2) Adjustable time-current characteristic.

		3) Adjustable instantaneous pickup.

		4) Recommendations on improved trip systems, if applicable.



		c. Fuses: Show current rating, voltage, and class.





		G. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to achieve selective coordination. Graphically illustrate that adequate time separation exists between devices installed in series, including power utility company's upstream devices. Prepare separate sets of curves for the switching schemes and for emergency periods where the power source is local generation. Show the following information:

		1. Device tag and title, one-line diagram with legend identifying the portion of the system covered.

		2. Terminate device characteristic curves at a point reflecting maximum symmetrical or asymmetrical fault current to which the device is exposed.

		3. Identify the device associated with each curve by manufacturer type, function, and, if applicable, tap, time delay, and instantaneous settings recommended.

		4. Plot the following listed characteristic curves, as applicable:

		a. Power utility's overcurrent protective device.

		b. Medium-voltage equipment overcurrent relays.

		c. Medium- and low-voltage fuses including manufacturer's minimum melt, total clearing, tolerance, and damage bands.

		d. Low-voltage equipment circuit-breaker trip devices, including manufacturer's tolerance bands.

		e. Transformer full-load current, magnetizing inrush current, and ANSI through-fault protection curves.

		f. Cables and conductors damage curves.

		g. Ground-fault protective devices.

		h. Motor-starting characteristics and motor damage points.

		i. Generator short-circuit decrement curve and generator damage point.

		j. The largest feeder circuit breaker in each motor-control center and panelboard.



		5. Series rating on equipment allows the application of two series interrupting devices for a condition where the available fault current is greater than the interrupting rating of the downstream equipment. Both devices share in the interruption of the fault and selectivity is sacrificed at high fault levels. Maintain selectivity for tripping currents caused by overloads.

		6. Provide adequate time margins between device characteristics such that selective operation is achieved.

		7. Comments and recommendations for system improvements.







		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system coordination requirements and other conditions affecting performance. Devices to be coordinated are indicated on Drawings.

		1. Proceed with coordination study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to coordination study may not be used in study.





		3.2 PROTECTIVE DEVICE COORDINATION STUDY

		A. Comply with IEEE 242 for calculating short-circuit currents and determining coordination time intervals.

		B. Comply with IEEE 399 for general study procedures.

		C. The study shall be based on the device characteristics supplied by device manufacturer.

		D. Begin analysis at the service, extending down to the system overcurrent protective devices as follows:

		1. To normal system low-voltage load buses where fault current is 10 kA or less.



		E. Study electrical distribution system from normal and alternate power sources throughout electrical distribution system for Project. Study all cases of system-switching configurations and alternate operations that could result in maximum fault conditions.

		F. Transformer Primary Overcurrent Protective Devices:

		1. Device shall not operate in response to the following:

		a. Inrush current when first energized.

		b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is specified for that transformer.

		c. Permissible transformer overloads according to IEEE C57.96 if required by unusual loading or emergency conditions.



		2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents.



		G. Motor Protection:

		1. Select protection for low-voltage motors according to IEEE 242 and CEC.

		2. Select protection for motors served at voltages more than 600 V according to IEEE 620.



		H. Conductor Protection: Protect cables against damage from fault currents according to ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242. Demonstrate that equipment withstands the maximum short-circuit current for a time equivalent to the tripping time of the primary relay protection or total clearing time of the fuse. To determine temperatures that damage insulation, use curves from cable manufacturers or from listed standards indicating conductor size and short-circuit current.

		I. Generator Protection: Select protection according to manufacturer's written recommendations and to IEEE 242.

		J. The calculations shall include the ac fault-current decay from induction motors, synchronous motors, and asynchronous generators and shall apply to low- and medium-voltage, three-phase ac systems. The calculations shall also account for the fault-current dc decrement, to address the asymmetrical requirements of the interrupting equipment.

		1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as defined for the three-phase bolted fault short-circuit study.



		K. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and single line-to-ground fault at each of the following:

		1. Switchgear.

		2. Low-voltage switchgear.

		3. Standby generators and automatic transfer switches.

		4. Branch circuit panelboards.



		L. Protective Device Evaluation:

		1. Evaluate equipment and protective devices and compare to short-circuit ratings.

		2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand short-circuit stresses.

		3. Any application of series-rated devices shall be recertified, complying with requirements in CEC.





		3.3 LOAD-FLOW AND VOLTAGE-DROP STUDY

		A. Perform a load-flow and voltage-drop study to determine the steady-state loading profile of the system. Analyze power system performance two times as follows:

		1. Determine load-flow and voltage drop based on full-load currents obtained in "Power System Data" Article.

		2. Determine load-flow and voltage drop based on 80 percent of the design capacity of the load buses.

		3. Prepare the load-flow and voltage-drop analysis and report to show power system components that are overloaded, or might become overloaded; show bus voltages that are less than as prescribed by CEC.





		3.4 MOTOR-STARTING STUDY

		A. Perform a motor-starting study to analyze the transient effect of the system's voltage profile during motor starting. Calculate significant motor-starting voltage profiles and analyze the effects of the motor starting on the power system stability.

		B. Prepare the motor-starting study report, noting light flicker for limits proposed by IEEE 141 and voltage sags so as not to affect the operation of other utilization equipment on the system supplying the motor.



		3.5 POWER SYSTEM DATA

		A. Obtain all data necessary for the conduct of the overcurrent protective device study.

		1. Verify completeness of data supplied in the one-line diagram on Drawings. Call discrepancies to the attention of Architect.

		2. For new equipment, use characteristics submitted under the provisions of action submittals and information submittals for this Project.

		3. For existing equipment, whether or not relocated obtain required electrical distribution system data by field investigation and surveys, conducted by qualified technicians and engineers. The qualifications of technicians and engineers shall be qualified as defined by NFPA 70E.



		B. Gather and tabulate the following input data to support coordination study. The list below is a guide. Comply with recommendations in IEEE 551 for the amount of detail required to be acquired in the field. Field data gathering shall be under the direct supervision and control of the engineer in charge of performing the study, and shall be by the engineer or its representative who holds NETA ETT Level III certification or NICET Electrical Power Testing Level III certification.

		1. Product Data for overcurrent protective devices specified in other Sections and involved in overcurrent protective device coordination studies. Use equipment designation tags that are consistent with electrical distribution system diagrams, overcurrent protective device submittals, input and output data, and recommended device settings.

		2. Electrical power utility impedance at the service.

		3. Power sources and ties.

		4. Short-circuit current at each system bus, three phase and line-to-ground.

		5. Full-load current of all loads.

		6. Voltage level at each bus.

		7. For transformers, include kVA, primary and secondary voltages, connection type, impedance, X/R ratio, taps measured in percent, and phase shift.

		8. For reactors, provide manufacturer and model designation, voltage rating, and impedance.

		9. For circuit breakers and fuses, provide manufacturer and model designation. List type of breaker, type of trip and available range of settings, SCCR, current rating, and breaker settings.

		10. Generator short-circuit current contribution data, including short-circuit reactance, rated kVA, rated voltage, and X/R ratio.

		11. For relays, provide manufacturer and model designation, current transformer ratios, potential transformer ratios, and relay settings.

		12. Maximum demands from service meters.

		13. Busway manufacturer and model designation, current rating, impedance, lengths, and conductor material.

		14. Motor horsepower and NEMA MG 1 code letter designation.

		15. Low-voltage cable sizes, lengths, number, conductor material, and conduit material (magnetic or nonmagnetic).

		16. Medium-voltage cable sizes, lengths, conductor material, and cable construction and metallic shield performance parameters.

		17. Data sheets to supplement electrical distribution system diagram, cross-referenced with tag numbers on diagram, showing the following:

		a. Special load considerations, including starting inrush currents and frequent starting and stopping.

		b. Transformer characteristics, including primary protective device, magnetic inrush current, and overload capability.

		c. Motor full-load current, locked rotor current, service factor, starting time, type of start, and thermal-damage curve.

		d. Generator thermal-damage curve.

		e. Ratings, types, and settings of utility company's overcurrent protective devices.

		f. Special overcurrent protective device settings or types stipulated by utility company.

		g. Time-current-characteristic curves of devices indicated to be coordinated.

		h. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere or current sensor rating, long-time adjustment range, short-time adjustment range, and instantaneous adjustment range for circuit breakers.

		i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment range, instantaneous attachment adjustment range, and current transformer ratio for overcurrent relays.

		j. Panelboards, switchboards, motor-control center ampacity, and SCCR in amperes rms symmetrical.

		k. Identify series-rated interrupting devices for a condition where the available fault current is greater than the interrupting rating of the downstream equipment. Obtain device data details to allow verification that series application of these devices complies with CEC and UL 489 requirements.







		3.6 FIELD ADJUSTING

		A. Adjust relay and protective device settings according to the recommended settings provided by the coordination study. Field adjustments shall be completed by the engineering service division of the equipment manufacturer under the Startup and Acceptance Testing contract portion.

		B. Make minor modifications to equipment as required to accomplish compliance with short-circuit and protective device coordination studies.

		1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters. Perform NETA tests and inspections for all adjustable overcurrent protective devices.





		3.7 DEMONSTRATION

		A. Engage the Coordination Study Specialist to train Owner's maintenance personnel in the following:

		1. Acquaint personnel in the fundamentals of operating the power system in normal and emergency modes.

		2. Hand-out and explain the objectives of the coordination study, study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and guide for interpreting the time-current coordination curves.

		3. Adjust, operate, and maintain overcurrent protective device settings.
















SAN DIEGO STATE UNIVERSITY               SECTION 260574 
EIS COMPLEX                                 OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                                  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260574 - 1 Michael Wall Engineering 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section includes a computer-based, arc-flash study to determine the arc-flash 
hazard distance and the incident energy to which personnel could be exposed 
during work on or near electrical equipment. 


1.3 DEFINITIONS 


A. Existing to Remain: Existing items of construction that are not to be removed and 
that are not otherwise indicated to be removed, removed and salvaged, or removed 
and reinstalled. 


B. One-Line Diagram: A diagram which shows, by means of single lines and graphic 
symbols, the course of an electric circuit or system of circuits and the component 
devices or parts used therein. 


C. Protective Device: A device that senses when an abnormal current flow exists and 
then removes the affected portion from the system. 


D. SCCR: Short-circuit current rating. 


E. Service: The conductors and equipment for delivering electric energy from the 
serving utility to the wiring system of the premises served. 


1.4 ACTION SUBMITTALS 


A. Product Data: For computer software program to be used for studies. 


B. Other Action Submittals: Submit the following submittals after the approval of system 
protective devices submittals. Submittals shall be in digital form. 
1. Arc-flash study input data, including completed computer program input data 


sheets. 
2. Arc-flash study report; signed, dated, and sealed by a qualified professional 


engineer. 
a. Submit study report for action prior to receiving final approval of the 


distribution equipment submittals. If formal completion of studies will 
cause delay in equipment manufacturing, obtain approval from 
Architect for preliminary submittal of sufficient study data to ensure 
that the selection of devices and associated characteristics is 
satisfactory. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For Arc-Flash Study Specialist. 







SAN DIEGO STATE UNIVERSITY               SECTION 260574 
EIS COMPLEX                                 OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                                  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260574 - 2 Michael Wall Engineering 


B. Product Certificates: For arc-flash hazard analysis software, certifying compliance 
with IEEE 1584 and NFPA 70E. 


1.6 CLOSEOUT SUBMITTALS 


A. Maintenance procedures according to requirements in NFPA 70E shall be provided 
in the equipment manuals. 


B. Operation and Maintenance Procedures: In addition to items specified in 
Section 017823 "Operation and Maintenance Data," provide maintenance 
procedures for use by Owner's personnel that comply with requirements in 
NFPA 70E. 


1.7 QUALITY ASSURANCE 


A. Studies shall use computer programs that are distributed nationally and are in wide 
use. Software algorithms shall comply with requirements of standards and guides 
specified in this Section. Manual calculations are unacceptable. 


B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets 
computer software used for studies, having performed successful studies of similar 
magnitude on electrical distribution systems using similar devices. 
1. The computer program shall be developed under the charge of a licensed 


professional engineer who holds IEEE Computer Society's Certified 
Software Development Professional certification. 


C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of 
performing the study, analyzing the arc flash, and documenting recommendations, 
licensed in the state where Project is located. All elements of the study shall be 
performed under the direct supervision and control of this professional engineer. 


PART 2 - PRODUCTS 


2.1 COMPUTER SOFTWARE DEVELOPERS 


A. Software Developers: 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the 
following: 
a. CGI CYME. 
b. SKM Systems Analysis, Inc. 


B. Comply with IEEE 1584 and NFPA 70E. 


C. Analytical features of device coordination study computer software program shall 
have the capability to calculate "mandatory," "very desirable," and "desirable" 
features as listed in IEEE 399. 


2.2 ARC-FLASH STUDY REPORT CONTENT 


A. Executive summary. 


B. Study descriptions, purpose, basis and scope. 



http://www.specagent.com/Lookup?ulid=1919

http://www.specagent.com/Lookup?uid=123456971824

http://www.specagent.com/Lookup?uid=123456971823
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C. One-line diagram, showing the following: 
1. Protective device designations and ampere ratings. 
2. Cable size and lengths. 
3. Transformer kilovolt ampere (kVA) and voltage ratings. 
4. Motor and generator designations and kVA ratings. 
5. Switchgear, switchboard, motor-control center and panelboard designations. 


D. Study Input Data: As described in "Power System Data" Article. 


E. Protective Device Coordination Study Report Contents: As specified in "Protective 
Device Coordination Study Report Contents" Article in Section 260573 "Overcurrent 
Protective Device Coordination Study." 


F. Arc-Flash Study Output: 
1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, 


showing the following for each overcurrent device location: 
a. Voltage. 
b. Calculated symmetrical fault-current magnitude and angle. 
c. Fault-point X/R ratio. 
d. No AC Decrement (NACD) ratio. 
e. Equivalent impedance. 
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on 


a symmetrical basis. 
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on 


a total basis. 


G. Incident Energy and Flash Protection Boundary Calculations: 
1. Arcing fault magnitude. 
2. Protective device clearing time. 
3. Duration of arc. 
4. Arc-flash boundary. 
5. Working distance. 
6. Incident energy. 
7. Hazard risk category. 
8. Recommendations for arc-flash energy reduction. 


H. Fault study input data, case descriptions, and fault-current calculations including a 
definition of terms and guide for interpretation of the computer printout. 


2.3 ARC-FLASH WARNING LABELS 


A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 
Produce a 3.5-by-5-inch thermal transfer label of high-adhesion polyester for each 
work location included in the analysis. 


B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH 
HAZARD," and shall include the following information taken directly from the arc-
flash hazard analysis: 
1. Location designation. 
2. Nominal voltage. 
3. Flash protection boundary. 
4. Hazard risk category. 
5. Incident energy. 
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6. Working distance. 
7. Engineering report number, revision number, and issue date. 


C. Labels shall be machine printed, with no field-applied markings. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine Project overcurrent protective device submittals. Proceed with arc-flash 
study only after relevant equipment submittals have been assembled. Overcurrent 
protective devices that have not been submitted and approved prior to arc-flash 
study may not be used in study. 


3.2 ARC-FLASH HAZARD ANALYSIS 


A. Comply with NFPA 70E and its Annex D for hazard analysis study. 


B. Preparatory Studies: 
1. Protective Device Coordination Study Report Contents: As specified in 


"Protective Device Coordination Study Report Contents" Article in 
Section 260573 "Overcurrent Protective Device Coordination Study." 


C. Calculate maximum and minimum contributions of fault-current size. 
1. The minimum calculation shall assume that the utility contribution is at a 


minimum and shall assume no motor load. 
2. The maximum calculation shall assume a maximum contribution from the 


utility and shall assume motors to be operating under full-load conditions. 


D. Calculate the arc-flash protection boundary and incident energy at locations in the 
electrical distribution system where personnel could perform work on energized 
parts. 


E. Include medium- and low-voltage equipment locations, except equipment rated 240-
V ac or less fed from transformers less than 125 kVA. 


F. Safe working distances shall be specified for calculated fault locations based on the 
calculated arc-flash boundary, considering incident energy of 1.2 cal/sq.cm. 


G. Incident energy calculations shall consider the accumulation of energy over time 
when performing arc-flash calculations on buses with multiple sources. Iterative 
calculations shall take into account the changing current contributions, as the 
sources are interrupted or decremented with time. Fault contribution from motors 
and generators shall be decremented as follows: 
1. Fault contribution from induction motors should not be considered beyond 


three to five cycles. 
2. Fault contribution from synchronous motors and generators should be 


decayed to match the actual decrement of each as closely as possible (e.g., 
contributions from permanent magnet generators will typically decay from 10 
per unit to three per unit after 10 cycles). 
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H. Arc-flash computation shall include both line and load side of a circuit breaker as 
follows: 
1. When the circuit breaker is in a separate enclosure. 
2. When the line terminals of the circuit breaker are separate from the work 


location. 


I. Base arc-flash calculations on actual overcurrent protective device clearing time. 
Cap maximum clearing time at two seconds based on IEEE 1584, Section B.1.2. 


3.3 POWER SYSTEM DATA 


A. Obtain all data necessary for the conduct of the arc-flash hazard analysis. 
1. Verify completeness of data supplied on the one-line diagram on 


Drawings and under "Preparatory Studies" Paragraph in "Arc-Flash Hazard 
Analysis" Article. Call discrepancies to the attention of Architect. 


2. For new equipment, use characteristics submitted under the provisions of 
action submittals and information submittals for this Project. 


3. For existing equipment, whether or not relocated, obtain required electrical 
distribution system data by field investigation and surveys, conducted by 
qualified technicians and engineers. 


B. Electrical Survey Data: Gather and tabulate the following input data to support study. 
Comply with recommendations in IEEE 1584 and NFPA 70E as to the amount of 
detail that is required to be acquired in the field. Field data gathering shall be under 
the direct supervision and control of the engineer in charge of performing the study, 
and shall be by the engineer or its representative who holds NETA ETT Level III 
certification or NICET Electrical Power Testing Level III certification. 
1. Product Data for overcurrent protective devices specified in other Sections 


and involved in overcurrent protective device coordination studies. Use 
equipment designation tags that are consistent with electrical distribution 
system diagrams, overcurrent protective device submittals, input and output 
data, and recommended device settings. 


2. Obtain electrical power utility impedance at the service. 
3. Power sources and ties. 
4. Short-circuit current at each system bus, three phase and line-to-ground. 
5. Full-load current of all loads. 
6. Voltage level at each bus. 
7. For transformers, include kVA, primary and secondary voltages, connection 


type, impedance, X/R ratio, taps measured in per cent, and phase shift. 
8. For reactors, provide manufacturer and model designation, voltage rating 


and impedance. 
9. For circuit breakers and fuses, provide manufacturer and model designation. 


List type of breaker, type of trip and available range of settings, SCCR, 
current rating, and breaker settings. 


10. Generator short-circuit current contribution data, including short-circuit 
reactance, rated kVA, rated voltage, and X/R ratio. 


11. For relays, provide manufacturer and model designation, current 
transformer ratios, potential transformer ratios, and relay settings. 


12. Busway manufacturer and model designation, current rating, impedance, 
lengths, and conductor material. 


13. Motor horsepower and NEMA MG 1 code letter designation. 
14. Low-voltage cable sizes, lengths, number, conductor material and conduit 


material (magnetic or nonmagnetic). 
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15. Medium-voltage cable sizes, lengths, conductor material, and cable 
construction and metallic shield performance parameters. 


3.4 LABELING 


A. Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac 
panelboards and disconnects and for each of the following locations: 
1. Motor-control center. 
2. Low-voltage switchboard. 
3. Switchgear. 
4. Medium-voltage switch. 
5. Control panel. 


3.5 APPLICATION OF WARNING LABELS 


A. Install the arc-fault warning labels under the direct supervision and control of the 
Arc-Flash Study Specialist. 


3.6 DEMONSTRATION 


A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in 
the potential arc-flash hazards associated with working on energized equipment and 
the significance of the arc-flash warning labels. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance and the incident energy to which personnel could be exposed during work on or near electrical equipment.



		1.3 DEFINITIONS

		A. Existing to Remain: Existing items of construction that are not to be removed and that are not otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

		B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the course of an electric circuit or system of circuits and the component devices or parts used therein.

		C. Protective Device: A device that senses when an abnormal current flow exists and then removes the affected portion from the system.

		D. SCCR: Short-circuit current rating.

		E. Service: The conductors and equipment for delivering electric energy from the serving utility to the wiring system of the premises served.



		1.4 ACTION SUBMITTALS

		A. Product Data: For computer software program to be used for studies.

		B. Other Action Submittals: Submit the following submittals after the approval of system protective devices submittals. Submittals shall be in digital form.

		1. Arc-flash study input data, including completed computer program input data sheets.

		2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer.

		a. Submit study report for action prior to receiving final approval of the distribution equipment submittals. If formal completion of studies will cause delay in equipment manufacturing, obtain approval from Architect for preliminary submittal of sufficient study data to ensure that the selection of devices and associated characteristics is satisfactory.







		1.5 INFORMATIONAL SUBMITTALS

		A. Qualification Data: For Arc-Flash Study Specialist.

		B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with IEEE 1584 and NFPA 70E.



		1.6 CLOSEOUT SUBMITTALS

		A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the equipment manuals.

		B. Operation and Maintenance Procedures: In addition to items specified in Section 017823 "Operation and Maintenance Data," provide maintenance procedures for use by Owner's personnel that comply with requirements in NFPA 70E.



		1.7 QUALITY ASSURANCE

		A. Studies shall use computer programs that are distributed nationally and are in wide use. Software algorithms shall comply with requirements of standards and guides specified in this Section. Manual calculations are unacceptable.

		B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer software used for studies, having performed successful studies of similar magnitude on electrical distribution systems using similar devices.

		1. The computer program shall be developed under the charge of a licensed professional engineer who holds IEEE Computer Society's Certified Software Development Professional certification.



		C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the study, analyzing the arc flash, and documenting recommendations, licensed in the state where Project is located. All elements of the study shall be performed under the direct supervision and control of this professional engineer.





		PART 2 - PRODUCTS

		2.1 COMPUTER SOFTWARE DEVELOPERS

		A. Software Developers:

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. CGI CYME.

		b. SKM Systems Analysis, Inc.





		B. Comply with IEEE 1584 and NFPA 70E.

		C. Analytical features of device coordination study computer software program shall have the capability to calculate "mandatory," "very desirable," and "desirable" features as listed in IEEE 399.



		2.2 ARC-FLASH STUDY REPORT CONTENT

		A. Executive summary.

		B. Study descriptions, purpose, basis and scope.

		C. One-line diagram, showing the following:

		1. Protective device designations and ampere ratings.

		2. Cable size and lengths.

		3. Transformer kilovolt ampere (kVA) and voltage ratings.

		4. Motor and generator designations and kVA ratings.

		5. Switchgear, switchboard, motor-control center and panelboard designations.



		D. Study Input Data: As described in "Power System Data" Article.

		E. Protective Device Coordination Study Report Contents: As specified in "Protective Device Coordination Study Report Contents" Article in Section 260573 "Overcurrent Protective Device Coordination Study."

		F. Arc-Flash Study Output:

		1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the following for each overcurrent device location:

		a. Voltage.

		b. Calculated symmetrical fault-current magnitude and angle.

		c. Fault-point X/R ratio.

		d. No AC Decrement (NACD) ratio.

		e. Equivalent impedance.

		f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical basis.

		g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.





		G. Incident Energy and Flash Protection Boundary Calculations:

		1. Arcing fault magnitude.

		2. Protective device clearing time.

		3. Duration of arc.

		4. Arc-flash boundary.

		5. Working distance.

		6. Incident energy.

		7. Hazard risk category.

		8. Recommendations for arc-flash energy reduction.



		H. Fault study input data, case descriptions, and fault-current calculations including a definition of terms and guide for interpretation of the computer printout.



		2.3 ARC-FLASH WARNING LABELS

		A. Comply with requirements in Section 260553 "Identification for Electrical Systems." Produce a 3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location included in the analysis.

		B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD," and shall include the following information taken directly from the arc-flash hazard analysis:

		1. Location designation.

		2. Nominal voltage.

		3. Flash protection boundary.

		4. Hazard risk category.

		5. Incident energy.

		6. Working distance.

		7. Engineering report number, revision number, and issue date.



		C. Labels shall be machine printed, with no field-applied markings.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine Project overcurrent protective device submittals. Proceed with arc-flash study only after relevant equipment submittals have been assembled. Overcurrent protective devices that have not been submitted and approved prior to arc-flash study may not be used in study.



		3.2 ARC-FLASH HAZARD ANALYSIS

		A. Comply with NFPA 70E and its Annex D for hazard analysis study.

		B. Preparatory Studies:

		1. Protective Device Coordination Study Report Contents: As specified in "Protective Device Coordination Study Report Contents" Article in Section 260573 "Overcurrent Protective Device Coordination Study."



		C. Calculate maximum and minimum contributions of fault-current size.

		1. The minimum calculation shall assume that the utility contribution is at a minimum and shall assume no motor load.

		2. The maximum calculation shall assume a maximum contribution from the utility and shall assume motors to be operating under full-load conditions.



		D. Calculate the arc-flash protection boundary and incident energy at locations in the electrical distribution system where personnel could perform work on energized parts.

		E. Include medium- and low-voltage equipment locations, except equipment rated 240-V ac or less fed from transformers less than 125 kVA.

		F. Safe working distances shall be specified for calculated fault locations based on the calculated arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.

		G. Incident energy calculations shall consider the accumulation of energy over time when performing arc-flash calculations on buses with multiple sources. Iterative calculations shall take into account the changing current contributions, as the sources are interrupted or decremented with time. Fault contribution from motors and generators shall be decremented as follows:

		1. Fault contribution from induction motors should not be considered beyond three to five cycles.

		2. Fault contribution from synchronous motors and generators should be decayed to match the actual decrement of each as closely as possible (e.g., contributions from permanent magnet generators will typically decay from 10 per unit to three per unit after 10 cycles).



		H. Arc-flash computation shall include both line and load side of a circuit breaker as follows:

		1. When the circuit breaker is in a separate enclosure.

		2. When the line terminals of the circuit breaker are separate from the work location.



		I. Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.



		3.3 POWER SYSTEM DATA

		A. Obtain all data necessary for the conduct of the arc-flash hazard analysis.

		1. Verify completeness of data supplied on the one-line diagram on Drawings and under "Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call discrepancies to the attention of Architect.

		2. For new equipment, use characteristics submitted under the provisions of action submittals and information submittals for this Project.

		3. For existing equipment, whether or not relocated, obtain required electrical distribution system data by field investigation and surveys, conducted by qualified technicians and engineers.



		B. Electrical Survey Data: Gather and tabulate the following input data to support study. Comply with recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be acquired in the field. Field data gathering shall be under the direct supervision and control of the engineer in charge of performing the study, and shall be by the engineer or its representative who holds NETA ETT Level III certification or NICET Electrical Power Testing Level III certification.

		1. Product Data for overcurrent protective devices specified in other Sections and involved in overcurrent protective device coordination studies. Use equipment designation tags that are consistent with electrical distribution system diagrams, overcurrent protective device submittals, input and output data, and recommended device settings.

		2. Obtain electrical power utility impedance at the service.

		3. Power sources and ties.

		4. Short-circuit current at each system bus, three phase and line-to-ground.

		5. Full-load current of all loads.

		6. Voltage level at each bus.

		7. For transformers, include kVA, primary and secondary voltages, connection type, impedance, X/R ratio, taps measured in per cent, and phase shift.

		8. For reactors, provide manufacturer and model designation, voltage rating and impedance.

		9. For circuit breakers and fuses, provide manufacturer and model designation. List type of breaker, type of trip and available range of settings, SCCR, current rating, and breaker settings.

		10. Generator short-circuit current contribution data, including short-circuit reactance, rated kVA, rated voltage, and X/R ratio.

		11. For relays, provide manufacturer and model designation, current transformer ratios, potential transformer ratios, and relay settings.

		12. Busway manufacturer and model designation, current rating, impedance, lengths, and conductor material.

		13. Motor horsepower and NEMA MG 1 code letter designation.

		14. Low-voltage cable sizes, lengths, number, conductor material and conduit material (magnetic or nonmagnetic).

		15. Medium-voltage cable sizes, lengths, conductor material, and cable construction and metallic shield performance parameters.





		3.4 LABELING

		A. Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac panelboards and disconnects and for each of the following locations:

		1. Motor-control center.

		2. Low-voltage switchboard.

		3. Switchgear.

		4. Medium-voltage switch.

		5. Control panel.





		3.5 APPLICATION OF WARNING LABELS

		A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash Study Specialist.



		3.6 DEMONSTRATION

		A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential arc-flash hazards associated with working on energized equipment and the significance of the arc-flash warning labels.
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PART 1 - GENERAL  


1.01 DESCRIPTION 


A. The purpose of this section is to specify Division 26 and 27 responsibilities in the commissioning 
process which are being directed by the commissioning agent.  (Other electrical systems testing 
not part of the commissioning scope is required under other sections). 


B. The following electrical systems will be commissioned in this project: 
1. Lighting controls. 
2. Emergency generator and ATS. 
3. Telecom (review test results) 


C. Commissioning requires the participation of Division 26 and 27 to ensure that all systems are 
operating in a manner consistent with the Contract Documents.  The general commissioning 
requirements and coordination are detailed in Division 1 and Division 26.  The contractor shall 
be familiar with all parts of Division 1 and Division 26 and the commissioning plan issued by the 
commissioning agent and shall execute all commissioning responsibilities assigned to them in 
the Contract Documents. 


1.02 RESPONSIBILITIES 


A. Electrical Contractors.  The commissioning responsibilities applicable to the electrical contractor 
are as follows (all references apply to commissioned equipment only): 
1. Construction and Acceptance Phases 


a. Attend a commissioning scoping meeting and other necessary meetings scheduled 
by the commissioning agent to facilitate the Cx process. 


b. Contractors shall provide normal cut sheets and shop drawing submittals to the 
commissioning agent of commissioned equipment. 


c. Provide additional requested documentation, prior to normal O&M manual 
submittals, to the commissioning agent for development of start-up and functional 
testing procedures.  


d. Provide a copy of the O&M manuals submittals of commissioned equipment, 
through normal channels, to the commissioning agent for review and approval. 


e. Contractors shall assist (along with the design engineers) in clarifying the 
operation and control of commissioned equipment in areas where the 
specifications, control drawings or equipment documentation is not sufficient for 
writing detailed testing procedures. 


f. Provide assistance to the commissioning agent in preparation of the specific 
functional performance test procedures.  Subs shall review test procedures to 
ensure feasibility, safety and equipment protection and provide necessary written 
alarm limits to be used during the tests. 


g. During the startup and initial checkout process, execute and document the 
electrical-related portions of the prefunctional checklists provided by the 
commissioning agent for all commissioned equipment. 


h. Address current A/E punch list items before functional testing.   
i. Provide skilled technicians to execute starting of equipment and to execute the 


functional performance tests.  Ensure that they are available and present during 
the agreed upon schedules and for sufficient duration to complete the necessary 
tests, adjustments and problem-solving. 


j. Perform functional performance testing under the direction of the commissioning 
agent for specified equipment. 
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k. Correct deficiencies identified by the commissioning agent, CM and A/E and retest 
the equipment. 


l. Prepare O&M manuals according to the Contract Documents, including clarifying 
and updating the original sequences of operation to as-built conditions. 


m. Provide training of the Owner’s operating personnel as specified. 
n. Coordinate with equipment manufacturers to determine specific requirements to 


maintain the validity of the warranty. 
2. Warranty Period 


a. Correct deficiencies and make necessary adjustments to O&M manuals and as-
built drawings for applicable issues identified in any seasonal testing. 


B. Telecom Contractors.  The commissioning responsibilities applicable to the telecom contractor 
are as follows (all references apply to commissioned equipment only): 
1. Construction and Acceptance Phases 


a. Attend a commissioning scoping meeting and other necessary meetings scheduled 
by the commissioning agent to facilitate the Cx process. 


b. Contractors shall provide normal cut sheets and shop drawing submittals to the 
commissioning agent of commissioned equipment. 


c. Provide test reports for review by commissioning agent. 
2. Warranty Period 


a. Correct deficiencies and make necessary adjustments to O&M manuals and as-
built drawings for applicable issues identified in any seasonal testing. 


PART 2 - PRODUCTS 


2.01 TEST EQUIPMENT 


A. Division 26 and 27 shall provide all test equipment necessary to fulfill the testing requirements 
of this Division.   


PART 3 - EXECUTION 


3.01 SUBMITTALS 


A. Divisions 26 and 27 shall provide submittal documentation relative to commissioning to the 
commissioning agent as requested by the commissioning agent.   


3.02 STARTUP 


A. The contractor has start-up responsibility and is required to complete systems and sub-systems 
so they are fully functional, meeting the design objectives of the Contract Documents.   


B. Functional testing is intended to begin upon completion of a system.   


3.03 FUNCTIONAL PERFORMANCE TESTS 


A. Testing and Acceptance criteria:  Test functionality of this piece of the system or systems in all 
control strategies with which it is associated. 
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3.04 OPERATIONS AND MAINTENANCE (O&M) MANUALS 


A. Divisions 26 and 27 shall compile and prepare applicable documentation for all equipment and 
systems covered in Division 26 and 27 and deliver to the GC for inclusion in the O&M manuals. 


B. The commissioning agent shall receive a copy of the O&M manuals for review. 


3.05 TRAINING OF OWNER PERSONNEL 


A. Electrical Contractor.  The electrical contractor shall have the following training responsibilities: 
1. Provide the commissioning agent with a training plan two weeks before the planned 


training. 
2. Provide designated Owner personnel with comprehensive training in the understanding of 


the systems and the operation and maintenance of each major piece of commissioned 
electrical equipment or system. 


3. During any demonstration, should the system fail to perform in accordance with the 
requirements of the O&M manual or sequence of operations, the system will be repaired 
or adjusted as necessary and the demonstration repeated. 


4. The appropriate trade or manufacturer's representative shall provide the instructions on 
each major piece of equipment.  This person may be the start-up technician for the piece 
of equipment, the installing contractor or manufacturer’s representative.  Practical 
building operating expertise as well as in-depth knowledge of all modes of operation of 
the specific piece of equipment are required.  More than one party may be required to 
execute the training. 


5. The training sessions shall follow the outline in the Table of Contents of the operation and 
maintenance manual and illustrate whenever possible the use of the O&M manuals for 
reference. 


6. Training shall include use of the printed installation, operation and maintenance 
instruction material included in the O&M manuals. 


7. Hands-on training shall include start-up, and operation in all modes possible. 
8. Training shall occur after functional testing is complete, unless approved otherwise by the 


Project Manager. 
9. Duration of Training.  The electrical contractor shall provide training on each piece of 


equipment according to the training schedule shall be agreed upon between the Sub-
contractor and the General Contractor and as specified. 


10. The electrical contractor shall arrange for the training of the telecom backbone system. 


3.06 WRITTEN WORK PRODUCTS 


A. Written work products of Contractors will consist of the filled out startup, initial checkout and 
prefunctional checklists. 


 
END OF SECTION 
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PART 1 – GENERAL  


1.0 Section Includes  
A. Network lighting control system and components: 


1. Touch panel controls  
2. Lighting management panels 
3. Lighting management modules 
4. Low voltage wall stations 
5. Power interfaces 
6. Wired sensors 


1.1.  Related Documents  
A. Section 262726 Wiring Devices 
B. Section 260923 Lighting Control Devices 
C. Section 260943.13 Digital-Network Lighting Controls 
D. Section 260943.16 Addressable Fixture Lighting Control  
E. Section 260943.19 Wireless Network Lighting Controls 
F. Section 265113  Interior Lighting Fixtures 


1.2.  Summary  
A. The lighting control system specified in this section shall provide time-based, sensor-based (both 


occupancy and daylight), and manual lighting control 
B. The system shall be capable of turning lighting loads on/off as well as dimming lights (if lighting load is 


capable of being dimmed).  Specific dimmers will be capable of “dimming lights to off” 
C. All system devices shall be networked together, enabling digital communication between devices, and 


shall be individually addressed.  
D. The system architecture shall be capable of enabling stand-alone groups (rooms) of devices to function 


in some default capacity, even if network connectivity to the greater system is lost.  
E. The system architecture shall facilitate remote operation via a computer connection.  
F. The system shall not require any centrally hardwired switching equipment.   
G. The system shall be capable of wireless, wired, or hybrid wireless/wired architectures.  


1.3  Submittals  
A. Product Datasheets (general device descriptions, dimensions, electrical specifications, wiring details, 


nomenclature) 
B. Riser Diagrams – typical per room type (detailed drawings showing device interconnectivity of devices)  
C. Other Diagrams – as needed for special operation or interaction with other system(s)  
D. Example Contractor Startup/Commissioning Worksheet – must be completed prior to factory start-up  
E. Hardware and Software Operation Manuals  
F. Other operational descriptions as needed  


1.4 Project Closeout Documentation 
A. Provide a factory published manual 


1. Warranty 
2. Technical support contact 
3. Electronic manual on manufacturer’s website for free download 


 


1.5 Quality Assurance  
A. All steps in sensor manufacturing process shall occur in North America; including population of all 


electronic components on circuit boards, soldering, programming, wiring, and housing.  
B. All components and the manufacturing facility where product was manufactured must be RoHS 


compliant. 
C. In high humidity or cold environments, the sensors shall be conformably coated and rated for 


condensing humidity and -40 degree Fahrenheit (and Celsius) operation.  
D. All applicable products must be UL / CUL Listed or other acceptable national testing organization.  


1.6 Project Conditions 
A. Only install equipment after the following site conditions are maintained: 


1. Ambient Temperature 14 to 105 degrees F (-10 to 40 degrees C) 
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2. Relative Humidity less than 90% non-condensing 
B. Standard electrical enclosures are permanently installed 
C. Equipment is protected from dust, debris and moisture 


1.7  Warranty  
A. Five (5) year 100% parts replacement 


1.8 Maintenance & Sustainability 
A. Provide new parts, upgrades, and/or replacements available for a minimum of 5 years available to the 


end user 
B. Provide free telephone technical support 


 


PART 2 – PRODUCTS 


2.1 Manufacturers 
A. Acceptable: Acuity Brands Lighting, Inc. – System: nLight by Acuity Controls 


B. Basis of controls design Manufacturer: Acuity Brands, One Lithonia Way, Conyers GA 30012,  
www.acuitycontrols.com  


C. Substitutions: Not Permitted {Under Division 1}: 
1. All substitutions must be submitted in writing for approval at least 14 days prior to bid date. 
2. Proposed substitute products must be documented with a line by line compliance review  


 2.2 System Requirements 
A. System shall have an architecture that is based upon three main concepts; 1) intelligent lighting control 


devices 2) standalone lighting control zones 3) network backbone for remote or time based operation. 
B. Intelligent lighting control devices shall consist of one or more basic lighting control components; 


occupancy sensors, photocell sensors, relays, dimming outputs, manual switch stations, and manual 
dimming stations. Combining one or more of these components into a single device enclosure should 
be permissible so as to minimize overall device count of system.  


C. System must interface directly with intelligent LED luminaires such that only CAT-5 cabling is required 
to interconnect luminaires with control components such as sensors and switches (see Networked LED 
Luminaire section).  


D. Intelligent lighting control devices shall communicate digitally, require <7 mA of current to function 
(Graphic wall stations excluded), and possess RJ-45 style connectors.  


E. Lighting control zones shall consist of one or more intelligent lighting control components, be capable of 
stand-alone operation, and be capable of being connected to a higher level network backbone.  


F. Devices within a lighting control zone shall be connected with CAT-5e low voltage cabling in any order.  
G. Lighting control zone shall be capable of automatically configuring itself for default operation without any 


start-up labor required. 
H. Individual lighting zones must continue to provide a user defined default level of lighting control in the 


event of a system communication failure with the backbone network or the management software 
becoming unavailable.  


I. Power for devices within a lighting control zone shall come from either resident devices already present 
for switching (relay device) or dimming purposes, controls enabled luminaires, or from the network 
backbone. Standalone “bus power supplies” shall not be required in all cases.   


J. All switching and dimming for a specific lighting zone shall take place within the devices located in the 
zone itself (i.e. not in remotely located devices such as panels) to facilitate system robustness and 
minimize wiring requirements. Specific applications that require centralized or remote switching shall be 
capable of being accommodated.  


K. System shall have one or more primary wall mounted network control “gateway” devices that are 
capable of accessing and controlling connected system devices and linking into an Ethernet LAN.  


L. System shall use “bridge” devices that route communication and distribute power for up to 8 directly 
connected lighting zones together for purposes of decreasing system wiring requirements.  


M. System shall be capable of wirelessly connecting a lighting zone to a WiFi (802.11n) wireless data 
network for purposes of eliminating the “bridge” devices and all cabling that connects zones to bridge 
devices.  


N. WiFi enabled devices shall be able to detect when WiFi network is down and revert to a user directed 
default state.  


O. WiFi-enabled devices shall be capable of current monitoring  
P. WiFi-enabled devices shall utilize WPA2 AES encryption  







SAN DIEGO STATE UNIVERSITY  SECTION 260943  
EIS COMPLEX                           NETWORK LIGHTING CONTROLS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                                  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260943 - 3 Michael Wall Engineering 
 


Q. WiFi-enabled devices shall be able to connect to 802.11b/g/n WiFi networks  
R. WiFi-enabled devices shall have two local RJ-45 port for communicating with non WiFi-enabled system 


devices  
S. System shall have a web-based software management program that enables remote system control, 


status monitoring, and creation of lighting control schedules and profiles.  
T. Individual lighting zones shall be capable of being segmented into several “local” channels of 


occupancy, photocell, and switch functionality for more advanced configurations and sequences of 
operation.  


U. Devices located in different lighting zones shall be able to communicate occupancy, photocell (non-
dimming), and switch information via either the wired or WiFi backbone.  


V. System shall be capable of operating a lighting control zone according to several sequences of 
operation. System shall be able to change a spaces sequence of operation according to a time 
schedule so as to enable customized time-of-day, day-of-week, utilization of a space. Note: Operating 
modes should be utilized only in manners consistent with local energy codes.  


1. Auto-On / Auto-Off (via occupancy sensors)  
 • Zones with occupancy sensors automatically turn lights on when occupant is    
detected. 


  • Zones with occupancy and/or photocell sensors turn lights off when vacancy  
    or sufficient daylight is detected.  
  • Pressing a switch will turn lights off. The lights will remain off regardless of  
    occupancy until switch is pressed again, restoring the sensor to Automatic On      
functionality.  


2. Manual-On / Auto-Off (also called Semi-Automatic)  
  • Pushing a switch will turn lights on.  
  • Zones with occupancy and/or photocell sensors turn lights off when vacancy  
    or sufficient daylight is detected.  


3. Manual-On to Auto-On/Auto-Off  
  • Pushing a switch will turn lights on.  
  • After initial lights on, zones with occupancy and/or photocell sensors turn  
    lights on/off according to occupancy/vacancy and/or daylight conditions.  
  • Sequence can be reset via scheduled (ex. daily each morning) events.  


4. Auto-to-Override On  
  • Zones with occupancy sensors automatically turn lights on when occupant is  
     detected.  
  • Zone lighting then goes into an override on state for a set amount of time, or    
    until the next time event returns the lighting to an auto-off style of control.  
  • Sequence can be reset via scheduled (ex. daily each morning) events.  


5. Manual-to-Override On  
  • Pushing a switch will turn lights on.  
  • Zone lighting then goes into an override on state for a set amount of time or  
     until the next time event returns the lighting to an auto-off style of control.  
  • Sequence can be reset via scheduled (ex. daily each morning) events.  


6. Auto On / Predictive Off  
  • Zones with occupancy sensors automatically turn lights on when occupant is  
    detected.  
  • Zones with occupancy and/or photocell sensors turn lights off when vacancy  
    or sufficient daylight is detected.  
  • Pressing the switch will turn the lights off and a short “exit timer” begins. After  
    the timer expires, sensor scans the room to detect whether occupant is still      
present. If no occupancy is detected, zone returns to auto-on. If occupancy is     
detected, lights must be turned on via the switch.  


7. Multi-Level Operation (multiple lighting levels per manual button press)  
  • Operating mode designed specifically for bi-level applications.  
  • Enables the user to cycle through up to four potential on/off/dim low/dim  
     high lighting states using only a single button.  
  • Eliminates user confusion as to which of two buttons controls which load  
  • Three different transition sequences are available in order to comply with  
     energy codes or user preference). 
  • Mode available as a setting on all devices that have single manual on/off  
     switch (ex. nPODM, nPODM-DX, nWSX LV).  
  • Depending on the sequence selected, every button push steps through  
     relay/dimming states according to below table  
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  • In addition to achieving bi-level lighting control by switching loads with relays,  
   the ability to command dimming outputs to “step” in a sequence that achieves     bi-level 
operation is present. 


 
 


W. A taskbar style desktop application shall be available for personal lighting control.  
X. An application that runs on “smart” handheld devices (such as an Apple® IPhone®) shall be available 


for personal lighting control.  
Y. Control software shall enable logging of system performance data and presenting thisl information in a 


web-based format and downloadable to .CSV files.  
Z. Control software shall enable integration with a BMS via BACnet IP, although a hardware BACnet IP 


integration solution is also available.  
AA. System shall provide the option of having pre-terminated plenum rated CAT-5e cabling supplied with 


hardware.  


2.3 Individual Device Specifications 
A. Control module (gateway) 


1. Control module shall be a device that facilitates communication and time-based control 
of downstream network devices and linking into an Ethernet network.  


2. Devices shall have a user interface that is capable of wall mounting, powered by low 
voltage, and have a touch screen.  


3. Control device shall have three RJ-45 ports for connection to the graphic touch screen, 
other backbone devices bridges) or directly to lighting control devices(up to 128 per 
port).  


4. Device shall automatically detect all devices downstream of it.  
5. Device shall have a standard and astronomical internal time clock.  
6. Device shall have one RJ-45 10/100 BaseT Ethernet connection. 
7. Device shall have a USB port  
8. Each control gateway device shall be capable of linking 1500 devices to the 


management software, with reduced memory version capable of support up to 400 
devices.  


9. Device shall be capable of using a dedicated static or DHCP assigned IP address.  
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10. Network Control Gateway device shall be the following nLight model Series:  
 nGWY2  


B. Networked system occupancy sensors 
1. Occupancy sensors shall sense the presence of human activity within the desired space 


and fully control the on/off function of the lights.  
2. Sensors shall utilize passive infrared (PIR) technology, which detects occupant motion, 


to initially turn lights on from an off state, thus preventing false on conditions. Ultrasonic 
or Microwave based sensing technologies shall not be accepted.  


3. For applications where a second method of sensing is necessary to adequately detect 
maintained occupancy (such as in rooms with obstructions), a sensor with an additional 
“dual” technology shall be used. 


4. Dual technology sensors shall have one of its two technologies not require motion to 
detect occupancy. Acceptable dual technology includes PIR/Microphonics (also known 
as Passive Dual Technology or PDT) which both looks for occupant motion and listens 
for sounds indicating occupants. Sensors where both technologies detect motion 
(PIR/Ultrasonic) shall not be acceptable.  


5. All sensing technologies shall be acoustically passive, meaning they do not transmit 
sounds waves of any frequency (for example in the Ultrasonic range), as these 
technologies have the potential for interference with other electronic devices within the 
space (such as electronic white board readers). Acceptable detection technologies 
include Passive Infrared (PIR), and/or Microphonics technology. Ultrasonic or 
Microwave based sensing technologies shall not be accepted.  


6. Sensors shall be available with zero or one integrated dry contact switching relays, 
capable of switching 1 amp at 24 VAC/VDC (resistive only).  


7. Sensors shall be available with one or two occupancy “poles”, each of which provides a 
programmable time delay.  


8. Sensors shall be available in multiple lens options which are customized for specific 
applications.  


9. Communication and Class 2 low voltage power shall be delivered to each device via 
standard CAT-5 low voltage cabling with RJ-45 connectors.  


10. All sensors shall have two RJ-45 ports or capable of utilizing a splitter.  
11. All sensors shall have the ability to detect when it is not receiving valid communication 


(via CAT-5 connections) and blink its LED in a pattern to visually indicate of a potential 
wiring issue  


12. Every sensor parameter shall be available and configurable remotely from the software 
and locally via the device push-button.  


13. Sensors shall be able to function together with other sensors in order to provide 
expanded coverage areas by simply daisy-chain wiring together the units with CAT-5 
cabling.  


14. Sensors shall be equipped with an automatic override for 100 hour burn-in of lamps. 
This feature must be available at any time for lamp replacements.  


15. Wall switch sensors shall recess into single-gang switch box and fit a standard GFI 
opening.  


16. Wall switch sensors must meet CEC grounding requirements by providing a dedicated 
ground connection and grounding to mounting strap. Line and load wire connections 
shall be interchangeable. Sensor shall not allow current to pass to the load when sensor 
is in the unoccupied (Off) condition. 


17. Wall switch sensors shall have optional features for photocell/daylight override, and low 
temperature/high humidity operation.  


18. Wall switch sensors shall be available in four standard colors (Ivory, White, Light 
Almond, Gray)  


19. Wall switch sensors shall be available with optional raise/lower dimming adjustment 
controls.  


20. Wall switch sensors shall be the following nLight model numbers, with device color and 
optional features as specified:  


 nWSX (PIR, 1 Relay) 
 nWSX PDT (Dual Tech, 1 Relay) 
 nWSX LV (PIR, No Relay) 
 nWSX PDT LV (Dual Tech, No Relay) 
 nWSX LV NL (PIR w/ Night Light, No Relay)  
 nWSX PDT LV NL (Dual Tech w/ Night Light, No Relay)  
 nWSX LV DX (PIR, No Relay, Raise/Lower Dim Ctrl)  
 nWSX PDT LV DX (Dual Tech, No Relay,Raise/Lower Dim Ctrl)  
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21. Network system shall have sensors that can be embedded into luminaire such that only 


the lens shows on luminaire face.  
22. Embedded sensors shall be capable of both PIR and Dual Technology occupancy 


detection  
23. Embedded sensors shall have an optional photocell  
24. Embedded sensors shall be the following nLight model number:  


 nES 7 (PIR, No Relay)  
 nES 7 ADCX (PIR w/ Photocell, No Relay)  
 nES PDT 7 (Dual Technology, No Relay)  
 nES PDT 7 ADCX (Dual Technology w/ Photocell, No Relay)  


25. Network system shall also have ceiling, fixture, recessed, & corner mounted sensors 
available.  


26. Sensors shall have optional features for photocell/daylight override, dimming control, 
and low temperature/high humidity operation.  


27. Sensors shall be the following nLight model numbers, with device options as specified: 
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C. Netw
orked 
syste
m 
daylig
ht 
(phot
ocell 
and/o
r 
dimmi
ng) 
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rs 


1. P
hotocell shall provide for an on/off set-point, and a deadband to prevent the artificial light from 
cycling. Delay shall be incorporated into the photocell to prevent rapid response to passing 
clouds. 


2. Photocell and dimming sensor’s set-point and deadband shall be automatically calibrated 
through the sensor’s microprocessor by initiating an “Automatic Set-point Programming” 
procedure. Min and max dim settings as well as set-point may be manually entered.  


3. Deadband setting shall be verified and modified by the sensor automatically every time the 
lights cycle to accommodate physical changes in the space (i.e., furniture layouts, lamp 
depreciation, or lamp outages).  


4. Photocell and dimming sensors shall be equipped with an automatic override for100 hour 
burn-in of lamps. This feature must be available at any time for lamp replacements. (Note: 


Model # Series 
Occupancy 


Poles 
# of 


Relays 
Lens Type 


Detection 
Technology 


nCM(B) 9 1 - Standard PIR 


nCM(B) 9 2P 2 - Standard PIR 


nCM 9 RJB 1 - Standard PIR 


nCM 9 2P RJB 2 - Standard PIR 


nCM(B) PDT 9 1 - Standard Dual 


nCM(B) PDT 9 2P 2 - Standard Dual 


nCM PDT 9 RJB 1 - Standard Dual 


nCM PDT 9 2P RJB 2 - Standard Dual 


nCM(B) 10 1 - Extended PIR 


nCM(B) 10 2P 2 - Extended PIR 


nCM 10 RJB 1 - Extended PIR 


nCM 10 2P RJB 2 - Extended PIR 


nCM(B) PDT 10 1 - Extended Dual 


nCM(B) PDT 10 2P 2 - Extended Dual 


nCM PDT 10 RJB 1 - Extended Dual 


nCM PDT 10 2P RJB 2 - Extended Dual 


nRM 9 1 - Standard PIR 


nRM PDT 9 1 - Standard Dual 


nRM 10 1 - Extended PIR 


nRM PDT 10 1 - Extended Dual 


nRM 6 1 - High Bay PIR 


nRM 50 1 - Aisle Way PIR 


nWV 16 1 - Wide View PIR 


nWV PDT 16 1 - Wide View Dual 


nHW13 1 - Hallway PIR 


nCM(B) 6 1 - High Bay PIR 


nCM 6 RJB 1 - High Bay PIR 
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This function should be performed prior to any dimming of the lamps including the “auto set-
point” setting.)  


5. Combination units that have all features of on/off photocell and dimming sensors shall also be 
available.  


6. A dual zone option shall be available for On/Off Photocell, Automatic Dimming Control 
Photocell, or Combination units. The second zone shall be capable of being controlled as an 
“offset” from the primary zone.  


7. Sensor shall be the following nLight model numbers, with device options as specified:  


 nCM(B) PC (RJB) (on/off) 
 nCM(B) PC DZ (RJB) (on/off control, dual zone)  
 nCM(B) ADCX (RJB) (remote automatic dimming control photocell)  
 nCM(B) ADCX DZ (RJB) (remote automatic dimming control photocell,  dual 
 zone)  
 nRM PC (on/off) 
 nRM PC DZ (on/off, dual zone) 
 nRM ADCX (remote automatic dimming control photocell) 
 nRM ADCX DZ (remote automatic dimming control photocell, dual zone) 


8. Network system shall have dimming photocells that can be embedded into luminaire such 
that only the lens shows on luminaire face.  


9. Embedded sensors shall be the following nLight model number:  
   nES ADCX (Dimming Photocell)  
 


D. Networked System Power (Relay) Packs  


1. Power Packs shall incorporate one Class 1 relay, a 0-10 VDC dimming output, and 
contribute low voltage power to the rest of the system. Secondary Packs shall 
incorporate the relay and 0-10 VDC or line voltage dimming output, but shall not be 
required to contribute system power. Power Supplies shall provide system power only, 
but are not required to switch line voltage circuit. Auxiliary Relay Packs shall switch low 
voltage circuits only.  


2. Power Packs shall accept 120 or 277 VAC (or optionally 347 VAC), be plenum rated, 
and provide Class 2 power to the system.  


3. All devices shall have two RJ-45 ports.  
4. Every Power Pack parameter shall be available and configurable remotely from the 


software and locally via the device push-button.  
5. Power Pack shall securely mount to junction location through a threaded ½ inch chase 


nipple or be capable of being secured within a luminaire ballast channel. Plastic clips 
into junction box shall not be accepted. All Class 1 wiring shall pass through chase 
nipple into adjacent junction box without any exposure of wire leads. Note: UL Listing 
under Energy Management or Industrial Control Equipment automatically meets this 
requirement, whereas Appliance Control Listing does not meet this safety requirement.  


6. When required by state code, Power Pack must install inside standard electrical 
enclosure and provide UL recognized support to junction box. All Class 1 wiring is to 
pass through chase nipple into adjacent junction box without any exposure of wire 
leads.  


7. Power Packs and Power Supplies shall be available that are WiFi enabled.  
8. Power Packs (Secondary) shall be available that provide up to 16 Amp switching of all 


lighting load types.  
9. Power Packs shall be available that provide up to 5 Amps switching of all lighting load 


types as well as 0-10 VDC dimming or fluorescent ballasts/LED drivers.  
10. Specific Secondary Packs shall be available that provide up to 5 Amps of switching and 


can dim 120 VAC incandescent lighting loads or 120/277 VAC line voltage dimmable 
fluorescent ballasts (2-wire and 3-wire versions).  


11. Specific Secondary Packs shall be available that provide up to 5 Amps of switching and 
can dim 120/277 VAC magnetic low voltage transformers.  


12. Specific Secondary Packs shall be available that provide up to 4 Amps of switching and 
can dim 120 VAC electronic low voltage transformers.  


13. Specific Power/Secondary Packs shall be available that are UL924 listed for switching 
of Emergency Power circuits.  


14. Specific Secondary Packs shall be available that control louver/damper motors for 
skylights.  


15. Specific Secondary Packs shall be available that provide a pulse on/pulse off signal for 
purposes of controlling shade systems via relay inputs.  
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16. Power (Secondary) Packs shall be available that provide up to 20 Amps switching of 
general purposed receptacle (plug-load) control.   


17. Power (Relay) Packs and Supplies shall be the following nLight model numbers: 
 nPP16 (Power Pack w/ 16A relay)  
 nPP16 D (Power Pack w/ 16A relay and 0-10VDC dimming output) 
 nPP16 WIFI (Power Pack w/ 16A relay, WIFI enabled)  
 nEPP5 D (Power Pack w/ 5A relay and 0-10VDC dimming output)  
 nSP16 (Secondary Pack w/ 16A relay)  
 nPP16 ER (UL924 Listed Secondary Pack w/ 16A relay for switching 
 emergency power circuits)  
 nPP16 D ER UL924 Listed Secondary Pack w/ 16A relay and 0-10VDC  dimming 
output for switching/dimming emergency power circuits) 
 nSP5 PCD 2W (Secondary Pack w/ 5A relay and incandescent dimming 
 or 2-wire line voltage fluorescent dimming output)  
 nSP5 PCD 3W (Secondary Pack w/ 5A relay and 3-wire line voltage 
 fluorescent dimming output)  
 nSP5 PCD MLV (Secondary Pack w/ 5A relay and magnetic low voltage 
 dimming output)  
 nSP5 PCD ELV 120 (Secondary Pack w/ 4A relay and electronic low  voltage 
 dimming output)  
 nSP5 2P LVR (Louver/Damper Control Pack  
 nSHADE (Pulse On/Off Control Pack  
 nPP20 PL (Secondary Pack w/ 20A relay for general purpose receptacle 
 load) 
 nPS 80 (Auxiliary Bus Power Supply)  
 nPS 80 WIFI (Auxiliary Bus Power Supply, WiFi enabled)  
 nAR 40 (Low voltage auxiliary relay pack)  


E. Networked System Relay & Dimming Panels  


1. Panel shall incorporate up to 4 normally closed latching relays capable of switching 
120/277 VAC or up to 2 Dual Phase relays capable of switching 208/240/480 VAC 
loads.  


2. Relays shall be rated to switch up to a 30A ballast load at 277 VAC.  
3. Panel shall provide one 0-10VDC dimming output paired with each relay.  
4. Panel shall power itself from an integrated 120/277 VAC supply.  
5. Panel shall be capable of operating as either two networked devices or as one.  
6. Panel shall supply current limited low voltage power to other networked devices 


connected via CAT-5.  
7. Panel shall provide auxiliary low voltage device power connected wired directly to a 


dedicated terminal connection. 
8. Power (Relay) Packs and Supplies shall be the following nLight model numbers:  


 nPANEL 4 (Panel w/ four 120/277 VAC relays and four 0-10 VDC  dimming 
outputs)  
 nPANEL 2 480 (Panel w/ two dual phase relays (208/240/480 VAC) and 
 two 0-10 VDC dimming outputs)  


F. Networked Auxiliary Input / Output (I/O) Devices  
1. Devices shall be plenum rated and be inline wired, screw mountable, or have an 


extended chase nipple for mounting to a ½” knockout.  
2. Devices shall have two RJ-45 ports  
3. Communication and low voltage power shall be delivered to each device via standard 


CAT-5 low voltage cabling with RJ-45 connectors.  
4. Specific I/O devices shall have a dimming control output that can control 0-10 VDC 


dimmable ballasts or LED drivers by sinking up to 20 mA of current. 
5. Specific I/O devices shall have an input that reads a 0-10 VDC signal from an external 


device.  
6. Specific I/O devices shall have a switch input that can interface with either a maintained 


or momentary switch and run a switch event (toggle the lighting load) or run a 
local/remote control profile.  


7. Specific I/O devices shall sense state of low voltage outdoor photocells. 
8. Specific I/O devices shall enable RS-232 communication between lighting control 


system and Touch Screen based A/V control systems.  
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9. Specific I/O devices shall sense momentary and maintained contact closures, and either 
toggle a connected load after a momentary contact or ramp the load high/low during a 
maintained contact (stopping when the contact releases).  


10. Auxiliary Input/Output Devices shall be the following nLight model numbers:  
 nIO D (I/O device with 0-10 dimming output)  
 nIO 1S or nIO RLX (I/O device with contact closure or 0-10VDC dimming 
 input)  
 nIO NLI (Input device for detecting state of low voltage outdoor  
 photocell; sold in nIO PC KIT only)  
 nIO X (Interface device for communicating with RS-232 enabled AV  Touch 
Screens  


G. Networked LED Luminaires  
1. Networked LED luminaire shall have a mechanically integrated control device  
2. Networked LED luminaire shall have two RJ-45 ports available (via control device 


directly or incorporated RJ-45 splitter)  
3. Networked LED luminaire shall be able to digitally network directly to other network 


control devices (sensors, photocells, switches, dimmers)  
4. Networked LED luminaire shall provide low voltage power to other networked control 


devices (excluding EMG versions) 
5. System shall be able to turn on/off specific LED luminaires without using a relay, if LED 


driver supports “sleep mode”  
6. System shall be able to maintain constant lumen output over the specified life of the 


LED luminaire (also called lumen compensation) by varying the input control power (and 
thus saving up to 20% power usage).  


7. System shall indicate (via a blink warning) when the LED luminaire has reached its 
expected life (in hrs).  


8. Integrated control devices shall be the following nLight model series: 
 nIO LEDG (ER) 


   nIO EZ PH (ER) 
   nPS 80 EZ (ER) 
   nEPS 60 IO EZ 
   nEIO EZ LC (ER) 


9. LED Luminaires shall be the following Acuity Brands LED fixtures, which come factory 
enabled with nLight devices:  


 Lithonia model families:  
 RTL(X)  
 TL(X) 
 VTL(X) 
 FSL(X) 
 ACL(X)  
 ALL(S) 
 AVL 
 BZL 
 GTL 
 SBS 
 IBL/IBH 
 PTN 
 LDN 
 DOM 
 WL  
 STL  
   


  Gotham model families: 
 EVO 
 Incito 
  


  Mark model families:  
 Slot 2/4/6 
 Fin 
 Veil 
 Whisper 
 Nol 
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 SPR 
  


  Peerless model families:  
 Vellum 
 Mino 
 Round 2/4 
 Square 
 Origami 
 Bruno 
 Staple 
 Lightline 
 Lightedge 
 Icetray 
 Cerra 
 Prima 
 Naro 
 Tulip 
 Envision 
 Aero 
 Enzo 


H. Networked System Wall Switches & Dimmers  


1. Devices shall recess into single-gang switch box and fit a standard GFI opening.  
2. Communication and low voltage power shall be delivered to each device via standard 


CAT-5 low voltage cabling with RJ-45 connectors.  
3. All devices shall have two RJ-45 ports. 
4. All devices shall provide toggle switch control. Dimming control and low 


temperature/high humidity operation are available options.  
5. Devices shall be available in four colors (Ivory, White, Light Almond, Gray).  
6. Devices with mechanical push-buttons shall provide tactile and LED user feedback.  
7. Devices with mechanical push-buttons shall be made available with custom button 


labeling  
8. Devices with a single “on” button shall be capable of selecting all possible lighting 


combinations for a bi-level lighting zone such that the user confusion as to which of two 
buttons (as is present in multi-button scenarios) controls which load is eliminated.  


9. Wall switches & dimmers shall be the following nLight model numbers, with device 
options as specified:  


 nPODM (single on/off, push-buttons, LED user feedback)  
 nPODM DX (single on/off, single dimming raise/lower, push-buttons,  LED 
user feedback)  
 nPODM 2P (dual on/off, push-buttons, LED user feedback)  
 nPODM 2P DX (dual on/off, dual dimming raise/lower, push-buttons,  LED 
user feedback)  
 nPODM 4P (quad on/off, push-buttons, LED user feedback)  
 nPODM 4P DX (quad on/off, quad dimming raise-lower, push-buttons,  LED 
user feedback)  


I. Networked System Graphic Wall Station  


1. Device shall have a 3.5” full color touch screen for selecting up to 16 programmable 
lighting control preset scenes or acting as up to 16 on/off/dim control switches.  


2. Devices shall be available in four colors (Ivory, White, Light Almond, Gray). 
3. Device shall enable configuration of all switches, dimmers, and lighting preset scenes 


via password protected setup screens.  
4. Device shall enable user supplied .jpg screen saver image to be uploaded.  
5. Device shall surface mount to single-gang switch box. 
6. Device shall be powered with Class 2 low voltage supplied locally via a directly wired 


power supply.  
7. Device shall have a micro-USB style connector for local computer connectivity.  
8. Device shall have two RJ-45 ports for communication  
9. Device shall be the following nLight model number:  


 nPOD GFX  
 







SAN DIEGO STATE UNIVERSITY  SECTION 260943  
EIS COMPLEX                           NETWORK LIGHTING CONTROLS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                                  
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260943 - 12 Michael Wall Engineering 
 


J. Networked System Scene Controllers 


1. Device shall have two, three, four, or eight buttons for selecting programmable lighting 
control profiles or acting as on/off switches.  


2. Devices shall be available in four colors (Ivory, White, Light Almond, Gray). 
3. Device shall recess into single-gang switch box and fit a standard GFI opening.  
4. Devices shall provide LED user feedback.  
5. Communication and Class 2 low voltage power shall be delivered to each device via 


standard CAT-5 low voltage cabling with RJ-45 connectors.  
6. All devices shall have two RJ-45 ports.  
7. Device shall be capable of reprogramming other devices in its zone so as to implement 


user selected lighting scene.  
8. Device shall be capable of selecting a lighting profile be run by the system’s upstream 


Gateway so as to implement selected lighting profile across multiple zones (and not just 
its local zone).  


9. Device shall have LEDs indicating current selection.  
10. Scene Selector device shall be the following nLight model number:  


 nPODM 2S (2 Scene, push-button)  
 nPODM 4S (4 Scene, push-button)  
 nPODM 4S DX (4 Scene, push-button, On/Off/Raise/Lower)  
 nPODM 2L (2 Adjustable Preset Levels, push-button, On/Off) 
 nPODM 2L AB (2 Scene, push-button, On/Off/High/Low)  
 nPODM 4L DX (4 Adjustable Preset Levels, push-button,  
 On/Off/Raise/Lower)  
 


K. Communication Bridges  


1. Device shall surface mount to a standard 4” x 4” square junction box.  
2. Device shall have 8 RJ-45 ports.  
3. Device shall be capable of aggregating communication from multiple lighting control zones 


for purposes of minimizing backbone wiring requirements back to Control Gateway.  
4. Device shall be powered with Class 2 low voltage supplied locally via a directly wired 


power supply or delivered via a CAT-5 cabled connection.  
5. Device shall be capable of redistributing power from its local supply and connect lighting 


control zones with excess power to lighting control zones with insufficient local power. 
This architecture also enables loss of power to a particular area to be less impactful on 
network lighting control system.  


6. Communication Bridge devices shall be the following nLight model numbers:  
nBRG 8 (8 Ports)  


 


 


 


 


 
2.4. Lighting Control Profiles 


A. Changes to the operation of the system shall be capable of being made in real-time or scheduled via 
lighting control profiles. These profiles are outlines of settings that direct how a collection of devices 
function for a defined time period.  


B. Lighting control profiles shall be capable of being created and applied to a single device, zone of 
devices, or customized group of zones.  


C. All relays and dimming outputs shall be capable of being scheduled to track or ignore information 
regarding occupancy, daylight, and local user switches via lighting control profiles.  


D. Specific device parameters (e.g. sensor time delay and photocell set-point) shall be configurable via a 
lighting control profile.  


E. All lighting control profiles shall be stored on the network control gateway device, with a system 
backup on the software’s host server. 


F. Lighting control profiles shall be capable of being scheduled to run according to the following calendar 
options: start date/hour/minute, end date/hour/minute, and sunrise/sunset +/- timed offsets.  
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G. Sunrise/sunset times shall be automatically derived from location information using an astronomical 
clock.  


H. Daylight savings time adjustments shall be capable of being performed automatically, if desired.  
I. Lighting control profile schedules shall be capable of being given the following recurrence settings: 


daily, weekday, weekend, weekly, monthly, and yearly.  
J. Software shall provide a graphical tool for easily viewing scheduled lighting control profiles.  


2.5. Management Software 
A. Every device parameter (e.g. sensor time delay and photocell set-point) shall be available and 


configurable remotely from the software  
B. The following status monitoring information shall be made available from the software for all devices 


for which it is applicable: current occupancy status, current PIR Status, current Microphonics Status, 
remaining occupancy time delay(s), current photocell reading, current photocell inhibiting state, 
photocell transitions time remaining, current dim level, device temperature, and device relay state(s).  


C. The following device identification information shall be made available from the software: model 
number, model description, serial number, manufacturing date code, custom label(s), and parent 
network device.  


D. A printable network inventory report shall be available via the software.  
E. A printable report detailing all system profiles shall be available via the software.  
F. Software shall require all users to login with a User Name and Password.  
G. Software shall provide at least three permission levels for users.  
H. All sensitive stored information and privileged communication by the software shall be encrypted.  
I. All device firmware and system software updates must be available for automatic download and 


installation via the internet.  
J. Software shall be capable of managing systems interconnected via a WAN (wide area network)  


2.6. BMS Compatibility 
A. System shall provide a BACnet IP gateway as a downloadable software plug-in to its management 


software.  
B. BACnet IP connection shall also be available utilizing JACE-600 hardware unit. 
C. BACnet IP hardware shall be capable of supporting up to 1500 total devices across up to 5 total 


Gateways 
D. BACnet IP connection shall communicate information gathered by networked system to other building 


management systems.  
E. BACnet IP connection shall translate and forward lighting relay and other select control commands 


from BMS system to networked control devices via profiles stored in the system Gateway.  All system 
devices shall be available for polling for devices status. 


F. BACnet IP hardware device shall be the following nLight model name: 
nBACnet 


 


2.7. System Energy Analysis & Reporting Software 
A. System shall be capable of reporting lighting system events and performance data back to the 


management software for display and analysis.  
B. Intuitive graphical screens shall be displayed in order to facilitate simple viewing of system energy 


performance.  
C. An “Energy Scorecard” shall be display that shows calculated energy savings in dollars, KWHr, or 


CO2.  
D. Software shall calculate the allocation of energy savings to different control measures (occupancy 


sensors, photocells, manual switching, etc).  
E. Energy savings data shall be calculated for the system as a whole or for individual zones.  
F. A time scaled graph showing all relay transitions shall be presented.  
G. A time scaled graph showing a zones occupancy time delay shall be presented  
H. A time scaled graph showing the total light level shall be presented.  
I. User shall be able to customize the baseline run-time hours for a space.  
J. User shall be able to customize up to four time-of-day billing rates and schedules.  
K. Data shall be made available via a .CSV file  


2.8. Start-up & Support Features 
A. To facilitate start-up, all devices daisy-chained together (using CAT-5) shall automatically be grouped 


together into a functional lighting control zone.  
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B. All lighting control zones shall be able to function according to default settings once adequate power 
is applied and before any system software is installed.  


C. Once software is installed, system shall be able to auto-discover all system devices without requiring 
any commissioning.  


D. All system devices shall be capable of being given user defined names.  
E. All devices within the network shall be able to have their firmware upgraded remotely and without 


being physically uninstalled for purposes of upgrading functionality at a later date.  
F. All sensor devices shall have the ability to detect improper communication wiring and blink it’s LED in 


a specific cadence as to alert installation/startup personnel.  


End of Section 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. This Section includes indoor and outdoor secondary unit substations, each consisting of the 
following: 


1. Primary incoming section. 
2. Transformer. 
3. Secondary distribution section. 


B. Related Sections include the following: 


1. Division 26 Section "Medium-Voltage Cables" for requirements of terminating cables in 
incoming section of substation. 


2. Division 26 Section "Overcurrent Protective Device Coordination Study" for short-circuit 
rating of devices and for setting of overcurrent protective devices. 


3. Division 26 Section "Electrical Power Monitoring and Control" for communication features 
of power distribution system devices. 


4. Division 26 Section "Medium-Voltage Switchgear" for metering and instrument 
transformers. 


5. Division 26 Section "Enclosed Bus Assemblies" for busway connections between 
transformers and secondary distribution equipment. 


6. Division 26 Section "Power Factor Correction Equipment" for capacitors to be located in 
secondary section. 


7. Division 26 Section "Transfer Switches" for transfer switches that may be located in 
secondary distribution section. 


8. Division 26 Section "Transient-Voltage Suppression for Low-Voltage Electrical Power 
Circuits" for transient voltage surge suppressors for low-voltage power, control, and 
communication equipment that may be located in secondary section. 


1.3 DEFINITIONS 


A. NETA ATS:  Acceptance Testing Specification. 


1.4 SUBMITTALS 


A. Product Data:  Include rated capacities, furnished specialties, and accessories. 


B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 
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1. Wiring Diagrams:  Power, signal, and control wiring. 
2. Dimensioned plans and elevations showing major components and features. 
3. One-line diagram. 
4. List of materials. 
5. Nameplate legends. 
6. Size and number of bus bars and current rating for each bus, including mains and 


branches of phase, neutral, and ground buses. 
7. Short-time and short-circuit current ratings of secondary unit substations and 


components. 
8. Ratings of individual protective devices. 


C. Time-Current Characteristic Curves:  For overcurrent protective devices. 


D. Primary Fuses:  Submit recommendations and size calculations. 


E. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items 
are shown and coordinated with each other, based on input from installers of the items involved: 


1. Dimensioned concrete base, outline of secondary unit substation, conduit entries, and 
ground rod locations. 


2. Location of structural supports for structure-supported raceways, busways, and seismic 
bracing. 


3. Location of lighting fixtures, sprinkler piping and heads, ducts, and diffusers. 


F. Manufacturer Seismic Qualification Certification:  Submit certification that transformer assembly 
and components will withstand seismic forces defined in Division 26 Section "Vibration and 
Seismic Controls for Electrical Systems."  Include the following: 


1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 


a. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified." 


b. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit 
will be fully operational after the seismic event." 


2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate 
and describe mounting and anchorage provisions. 


3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 


G. Product Certificates:  For secondary unit substations, signed by product manufacturer. 


H. Qualification Data:  For testing agency. 


I. Material Test Reports:  For secondary unit substations. 


J. Factory test reports. 


K. Field quality-control test reports. 
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L. Operation and Maintenance Data:  For secondary unit substations and accessories to include in 
emergency, operation, and maintenance manuals. 


1.5 QUALITY ASSURANCE 


A. Testing Agency Qualifications:  An independent agency, with the experience and capability to 
conduct the testing indicated, that is a member company of the InterNational Electrical Testing 
Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 


1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 
Electrical Testing Association or the National Institute for Certification in Engineering 
Technologies to supervise on-site testing specified in Part 3. 


B. Source Limitations:  Obtain secondary unit substation through one source from a single 
manufacturer. 


C. Product Options:  Drawings indicate size, profiles, and dimensional requirements of secondary 
unit substations and are based on the specific system indicated.  Refer to Division 01 Section 
"Product Requirements." 


D. Electrical Components, Devices and Accessories:  Listed and labeled as defined in CEC, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 


E. Comply with IEEE C2. 


F. Comply with IEEE C37.121. 


G. Comply with CEC. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Deliver in shipping splits in sizes that can be moved past obstructions in delivery path. 


B. Coordinate delivery of secondary unit substations to allow movement into designated space. 


C. Store secondary unit substation components[ protected from weather and] so condensation 
will not form on or in units.  Provide temporary heating according to manufacturer's written 
instructions. 


D. Handle secondary unit substation components according to manufacturer's written instructions.  
Use factory-installed lifting provisions. 


1.7 PROJECT CONDITIONS 


A. Field Measurements:  Indicate measurements on Shop Drawings. 
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B. Interruption of Existing electric Service:  Do not interrupt electric service to facilities occupied by 
Owner or others unless permitted under the following conditions and then only after arranging to 
provide temporary electric service according to requirements indicated: 


1. Notify Owner and Construction Manager no fewer than 3 days in advance of proposed 
interruption of electric service. 


2. Do not proceed with interruption of electric service without Construction Manager's 
written permission. 


C. Service Conditions:  IEEE C37.121, usual service conditions, except for the following: 


1. Exposure to significant solar radiation. 
2. Altitudes above 3300 feet (1000 m). 
3. Exposure to fumes, vapors, or dust. 
4. Exposure to explosive environments. 
5. Exposure to hot and humid climate or to excessive moisture, including steam, salt spray, 


and dripping water. 
6. Exposure to seismic shock or to abnormal vibration, shock, or tilting. 
7. Exposure to excessively high or low temperatures. 
8. Unusual transportation or storage conditions. 
9. Unusual grounding resistance conditions. 
10. Unusual space limitations. 


1.8 COORDINATION 


A. Coordinate layout and installation of secondary unit substations with other construction that 
penetrates floors and ceilings, or is supported by them, including light fixtures, HVAC 
equipment, and fire-suppression-system components. 


B. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03. 


1.9 EXTRA MATERIALS 


A. Furnish extra materials described below, before installation begins, that match products 
installed and that are packaged with protective covering for storage and identified with labels 
describing contents. 


1. Spare fuses:  [Six] <Insert number>3 of each type and rating of fuse and fusible device 
used, except for medium-voltage fuses[ and fuses associated with network protector].  
Include spares for the following: 


a. Primary disconnect fuses. 
b. Potential transformer fuses. 
c. Control power fuses. 
d. Fuses and fusible devices for fused circuit breakers. 
e. Fuses for secondary fusible devices. 


2. Spare Indicating Lights:  Six of each type installed. 
3. Touchup Paint:  [Three] <Insert number> half-pint containersspray cans of paint 


matching enclosure's exterior finish. 
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4. Primary Switch Contact Lubricant:  [One] <Insert number> container(s). 
5. [One] <Insert number> set(s) of spare mounting gaskets for bushings, handholes, and 


the gasket between relief cover and flange of pressure relief device. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 


B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 


1. ABB Control, Inc. 
2. Cooper Industries, Inc.; Cooper Power Systems Division. 
3. Cutler-Hammer. 
4. GE Electrical Distribution & Control. 
5. Siemens Energy & Automation, Inc. 
6. Square D; Schneider Electric. 
7. <Insert manufacturer's name.> 


2.2 MANUFACTURED UNITS 


A. Indoor Unit Arrangement:  Single assembly. 


B. Indoor Unit Arrangement:  Separate secondary distribution equipment connected with busway. 


C.A. Outdoor Unit Arrangement:  [Single assembly] [Separate secondary distribution equipment 
connected with busway]. 


1. Weatherproof, listed for installation outdoors, complying with IEEE C37.20.1. 
2. Aisleless Construction:  Full-height doors in front of basic weatherproof equipment. 


D.B. Enclosure Finish:  Factory-applied finish in manufacturer's standard color, including under 
surfaces treated with corrosion-resistant undercoating. 


E.C. Enclosure Finish:  Factory-applied finish in manufacturer's standard gray over a rust-inhibiting 
primer on treated metal surface. 


2.3 INCOMING SECTION 


A. Primary Incoming Section:  Terminal assembly with adequate space for incoming-cable 
terminations and surge arresters. 


B. Primary Incoming Section:  Transformer cover-mounted bushings. 


C.A. Primary Incoming Section:  Enclosed, air-interrupter, [dual primary] [primary] switch. 
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1. Three pole, single throw, dead front, metal enclosed, with manual stored energy operator, 
[with fuses mounted on a single frame] [without fuses], complying with 
IEEE C37.20.3. 


2. MechanicalKey interlocking system to prevent fuse access door from being opened 
unless switch is open.[  Additionally, interlock air-interrupter switch with transformer 
secondary main circuit breaker, preventing switch from being opened or closed 
unless secondary main circuit breaker is open.] 


3. Phase Barriers:  Located between blades[ and fuses] of each phase, designed for easy 
removal, allows visual inspection of switch components when barrier is in place. 


4. Window:  Permits viewing switch-blade positions when door is closed. 
5. Accessory Set:  Tools and miscellaneous items required for interrupter switchgear test, 


inspection, maintenance, and operation.  Include fuse-handling tool as recommended by 
switchgear manufacturer. 


6. Continuous-Current Rating:  600 A. 
7. Short-Circuit Rating: 


a. Short-time momentary asymmetrical fault rating of 40 kA. 
b. 3-second symmetrical rating of 25-kA RMS. 
c. Fault close asymmetrical rating of 40 kA. 


8. Fuses:  Sizes recommended by secondary unit substation manufacturer, considering fan 
cooling, temperature-rise specification, and cycle loading.  Comply with the following: 


a. Current-limiting type, rated for not less than 50-kA RMS symmetrical current-
interrupting capacity. 


b. Indicator integral with each fuse to show when it has blown. 
c. Spares:  Include three fuses in use and three spare fuses in storage clips in each 


switch. 


D.B. Surge Arresters:  Comply with IEEE C62.11, Distribution class; metal-oxide-varistor type, with 
ratings as indicated, connected in each phase of incoming circuit and ahead of any 
disconnecting device. 


2.4 LIQUID-FILLED TRANSFORMER SECTION 


A. Description:  IEEE C57.12.00 and UL 1062, liquid-filled, 2-winding, secondary unit substation 
transformer. 


B. Insulating Liquid:  Mineral oil complying with ASTM D 3487, Type II, and tested according to 
ASTM D 117. 


C.B. Insulating Liquid:  Less flammable, edible-seed-oil based, and UL listed as complying with 
NFPA 70 requirements for fire point of not less than 300 deg C when tested according to 
ASTM D 92.  Liquid shall be biodegradable and nontoxic. 


D. Insulating Liquid:  Less flammable, dielectric, and UL listed as complying with NFPA 70 
requirements for fire point of not less than 300 deg C when tested according to ASTM D 92.  
Liquid shall be biodegradable and nontoxic. 


E. Insulating Liquid:  Less flammable, silicone-based dielectric, and UL listed as complying with 
NFPA 70 requirements for fire point of not less than 300 deg C when tested according to 
ASTM D 92.  Liquid shall have low toxicity and be nonhazardous. 
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F. Insulation Temperature Rise:  65/55 deg C, based on an average ambient temperature of 30 
deg C over 24 hours with a maximum ambient temperature of 40 deg C.  Insulation system shall 
be rated to continuously allow an additional 12-percent kVA output, at 65 deg C temperature 
rise, without decreasing rated transformer life. 


G.C. Insulation Temperature Rise:  65 deg C, based on an average ambient temperature of 30 deg C 
over 24 hours with a maximum ambient temperature of 40 deg C. 


H.D. Basic Impulse Level:  Comply with UL 1062. 


I.E. Basic Impulse Level:  [60] [75] [95] [110] kV. 


J.F. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps, 2 above and 2 below rated primary 
voltage; with externally operable tap changer for de-energized use and with position indicator 
and padlock hasp. 


K. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps below rated primary voltage, with 
externally operable tap changer for de-energized use and with position indicator and padlock 
hasp. 


L.G. Cooling System:  Class [OA, liquid cooled] [OA/FA, liquid cooled, and with forced-air 
rating] [OA/FFA, liquid cooled, and with provisions for future forced-air rating].  Cooling 
systems shall include auxiliary cooling equipment, automatic controls, and status indicating 
lights. 


M.H. Sound level may not exceed 58 dB, without fans. 


N.I. Impedance:  5.75<Insert value> percent. 


O.J. Accessories:  Grounding pads, lifting lugs, and provisions for jacking under base.  Transformers 
shall have a steel base and frame allowing use of pipe rollers in any direction, and an insulated, 
low-voltage, neutral bushing with removable ground strap.  Include the following additional 
accessories: 


1. Liquid-level gage. 
2. Pressure-vacuum gage. 
3. Liquid temperature indicator. 
4. Drain and filter valves. 
5. Pressure relief device. 


2.5 DRY-TYPE TRANSFORMER SECTION 


A. Description:  IEEE C57.12.01, [IEEE C57.12.50] [IEEE C57.12.51] [IEEE C57.12.52], 
NEMA ST 20, and dry-type, 2-winding, secondary unit substation transformer. 


B. Enclosure:  [Indoor, ventilated] [Outdoor, ventilated] [Totally enclosed, nonventilated], cast 
coil/encapsulated coil, with primary and secondary windings individually cast in epoxy; with 
insulation system rated at 185 deg C with an 80 deg C average winding temperature rise above 
a maximum ambient temperature of 40 deg C. 
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C. Enclosure:  [Indoor, ventilated] [Outdoor, ventilated] [Totally enclosed, nonventilated], 
vacuum-pressure, impregnated type and with insulation system rated at 220 deg C with an 80 
deg C average winding temperature rise above a maximum ambient temperature of 40 deg C. 


D. Cooling System:  Class [AA, air cooled] [AA/FA, air cooled with forced-air rating] [AA/FFA, 
air cooled with provisions for future forced-air rating], complying with IEEE C57.12.01. 


1. Automatic forced-air cooling system controls, including thermal sensors, fans, control 
wiring, temperature controller with test switch, power panel with current-limiting fuses, 
indicating lights, alarm, and alarm silencing relay. 


2. Include mounting provision for fans. 


E. Insulation Materials:  IEEE C57.12.01, rated 220 deg C. 


F. Insulation Temperature Rise:  [80] [115] [150] deg C, maximum rise above 40 deg C. 


G. Basic Impulse Level:  [60] [75] [95] [110] kV. 


H. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps, 2 above and 2 below rated primary 
voltage. 


I. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps below rated primary voltage. 


J. Sound level may not exceed <Insert maximum dBA level>, without fans operating. 


K. Impedance:  <Insert value> percent. 


L. High-Temperature Alarm:  Sensor at transformer with local audible and visual alarm and 
contacts for remote alarm. 


2.62.5 SECONDARY DISTRIBUTION SECTION 


A. Secondary Terminal Compartment:  Bus [bars mounted on standoff insulators] [duct flange 
for close coupling with busway]. 


B. Secondary Distribution:  Low-voltage switchgear as specified in Division 26 Section "Low-
Voltage Switchgear." 


C.A. Secondary Distribution:  Low-voltage switchboard as specified in Division 26 Section 
"Switchboards." 


D. Secondary Distribution:  Motor-control center as specified in Division 26 Section "Motor-Control 
Centers." 


E. Distribution Panelboard:  Panelboards as specified in Division 26 Section "Panelboards." 


F. Network Protectors: 


1. Rated for continuous service in an ambient temperature of up to 40 deg C, applied to 3-
phase, 4-wire, solidly grounded wye secondary networks.  Comply with IEEE C57.12.44. 


2. Dead-front, drawout design with externally mounted fuses, using hand-cranked rail 
system.  Relay and control panel located on a separate drawout module. 
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3. Protector Operator:  [Spring-close] [and] [or] [stored-energy] mechanism, rated to 
close on a [25,000] [40,000] RMS symmetrical load. 


4. Control Voltage:  Not more than 125 V. 
5. Control microprocessor-based, three-phase, tripping relay with features and functions as 


follows: 


a. Close protector if positive sequence power flows into the network.  Adjustable 
closing range shall be from 0.5 to 3.5 V in phase difference between network and 
transformer voltages. 


b. Trip protector if there is a net, three-phase, reverse power flow through protector.  
Trip protectors shall be adjustable from 0.05 to 5 percent of continuous-current 
rating of current transformers within protector. 


c. Trip protector if there is a flow of reverse magnetizing current of its associated 
transformer. 


d. Field-adjustable relay parameters and watt or watt-var trip values. 


6. Protector shall not open under any fault on network side of protector. 
7. Current-limiting fuses shall have interrupting capacity of 150,000 A on network side of 


protector for protection against switchboard bus faults. 
8. Mechanical interlocks shall prevent racking in and racking out when protector is closed. 
9. Auxiliary contacts shall be remotely tripped and locked out by four-wire remote pilot 


devices. 
10. Network protectors shall have not less than two spare auxiliary dry contacts. 
11. Network Switchgear-Mounted Disconnect Switch:  Supply each network-protector circuit 


with a switchgear-mounted fuse truck, with Class L fuses rated for 200-kA interrupting 
capacity, and key interlocked with each associated protector. 


12. Network Switchgear-Mounted Disconnect Switch:  Supply each network-protector circuit 
with a switchgear-mounted main circuit breaker rated for fault current that can be 
delivered by the network transformers, less one.  Use drawout type to provide a means of 
isolating the load side of each protector from the network bus. 


2.72.6 IDENTIFICATION DEVICES 


A. Compartment Nameplates:  Engraved, laminated-plastic or metal nameplate for each 
compartment, mounted with corrosion-resistant screws.  Nameplates and label products are 
specified in Division 26 Section "Identification for Electrical Systems." 


2.82.7 SOURCE QUALITY CONTROL 


A. Factory Tests:  Perform design and routine tests according to standards specified for 
components.  Conduct transformer tests according to IEEE C57.12.90.  Conduct switchgear 
and switchboard tests according to ANSI C37.51. 


B. Factory Tests:  Perform the following factory-certified tests on each secondary unit substation: 


1. Resistance measurements of all windings on the rated voltage connection and on tap 
extreme connections. 


2. Ratios on the rated voltage connection and on tap extreme connections. 
3. Polarity and phase relation on the rated voltage connection. 
4. No-load loss at rated voltage on the rated voltage connection. 
5. Exciting current at rated voltage on the rated voltage connection. 
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6. Impedance and load loss at rated current on the rated voltage connection and on tap 
extreme connections. 


7. Applied potential. 
8. Induced potential. 
9. Temperature Test:  If a transformer is supplied with auxiliary cooling equipment to 


provide more than one rating, test at lowest kilovolt-ampere Class OA or Class AA rating 
and highest kilovolt-ampere Class FA rating. 


a. Temperature test is not required if a record of a temperature test on an essentially 
duplicate unit is available. 


10. Owner will witness all required factory tests.  Notify Architect at least 14 days before date 
of tests and indicate their approximate duration. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas and space conditions for compliance with requirements for secondary unit 
substations and other conditions affecting performance of work. 


B. Examine roughing-in of conduits and grounding systems to verify the following: 


1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer and no feeders will 


have to cross section barriers to reach load or line lugs. 


C. Examine walls, floors, roofs, and concrete bases for suitable conditions for secondary unit 
substation installation. 


D. Verify that ground connections are in place and that requirements in Division 26 Section 
"Grounding and Bonding for Electrical Systems" have been met.  Maximum ground resistance 
shall be 5 ohms at secondary unit substation location. 


E. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Install secondary unit substations on concrete bases. 


1. Anchor secondary unit substations to concrete bases according to manufacturer's written 
instructions, seismic codes at Project, and requirements in Division 26 Sections "Hangers 
and Supports for Electrical Systems" and "Vibration and Seismic Controls for Electrical 
Systems." 


2. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) 
larger in both directions than supported unit and 4 inches (100 mm) high. 


3. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in 
Division 03 3000 Section Cast-in-Place Concrete. 


4. Install dowel rods to connect concrete bases to concrete floor.  Unless otherwise 
indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of base. 
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5. Install epoxy-coated anchor bolts for anchoring equipment to the concrete base. 
6. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 


drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 


7. Bolt transformers to channel-iron sills embedded in concrete bases.  Install sills level and 
grout flush with floor or base. 


B. Maintain minimum clearances and workspace at equipment according to manufacturer's written 
instructions and CEC. 


3.3 IDENTIFICATION 


A. Identify field-installed wiring and components and provide warning signs as specified in 
Division 26 Section "Identification for Electrical Systems." 


B. Operating Instructions:  Frame printed operating instructions for secondary unit substations, 
including key interlocking, control sequences, elementary single-line diagram, and emergency 
procedures.  Fabricate frame of finished wood or metal and cover instructions with clear acrylic 
plastic.  Mount on front of secondary unit substation. 


3.4 CONNECTIONS 


A. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 


B. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 


3.5 CLEANING 


A. After completing equipment installation and before energizing, inspect unit components.  
Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match 
original finish.  Vacuum interiors of secondary unit substation sections. 


3.6 FIELD QUALITY CONTROL 


A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect[, test, and adjust] field-assembled components and equipment installation, including 
connections[, and to assist in field testing].  Report results in writing. 


B.A. Testing:  Owner will engage a qualified testing and inspecting agency to perform field tests and 
inspections and prepare test reports. 


C.B. Testing:  Engage a qualified testing and inspecting agency to perform the following field tests 
and inspections and prepare test reports: 


D.C. Perform the following field tests and inspections and prepare test reports: 
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1. Perform each visual and mechanical inspection and electrical test according to 
NETA ATS.  Certify compliance with test parameters. 


2. After installing secondary unit substation but before primary is energized, verify that 
grounding system at the substation tested at the specified value or less. 


3. After installing secondary unit substation and after electrical circuitry has been energized, 
test for compliance with requirements. 


4. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 


a. Remove and replace malfunctioning units and retest as specified above. 


3.7 FOLLOW-UP SERVICE 


A. Voltage Monitoring and Adjusting:  After Substantial Completion, if requested by Owner, but not 
more than six months after Final Acceptance, perform the following voltage monitoring: 


1. During a period of normal load cycles as evaluated by Owner, perform seven days of 
three-phase voltage recording at the outgoing section of each secondary unit substation.  
Use voltmeters with calibration traceable to the National Institute of Science and 
Technology standards and with a chart speed of not less than 1 inch (25 mm) per hour.  
Voltage unbalance greater than 1 percent between phases, or deviation of any phase 
voltage from the nominal value by more than plus or minus 5 percent during the test 
period, is unacceptable. 


2. Corrective Action:  If test results are unacceptable, perform the following corrective 
action, as appropriate: 


a. Adjust transformer taps. 
b. Rebalance loads. 
c. Prepare written request for voltage adjustment by electric utility. 


3. Retests:  Repeat monitoring, after corrective action has been performed, until satisfactory 
results are obtained. 


4. Report:  Prepare a written report covering monitoring performed and corrective action 
taken. 


B. Infrared Scanning:  Perform as specified in Division 26 Section "Medium-Voltage Switchgear." 


3.8 DEMONSTRATION 


A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain systems.  Refer to Division 01 Section "Demonstration and 
Training." 


END OF SECTION 





		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

		1.2 SUMMARY

		A. This Section includes indoor and outdoor secondary unit substations, each consisting of the following:

		2. Transformer.

		3. Secondary distribution section.

		B. Related Sections include the following:

		2. Division 26 Section "Overcurrent Protective Device Coordination Study" for short-circuit rating of devices and for setting of overcurrent protective devices.

		3. Division 26 Section "Electrical Power Monitoring and Control" for communication features of power distribution system devices.

		4. Division 26 Section "Medium-Voltage Switchgear" for metering and instrument transformers.

		5. Division 26 Section "Enclosed Bus Assemblies" for busway connections between transformers and secondary distribution equipment.

		6. Division 26 Section "Power Factor Correction Equipment" for capacitors to be located in secondary section.

		7. Division 26 Section "Transfer Switches" for transfer switches that may be located in secondary distribution section.

		8. Division 26 Section "Transient-Voltage Suppression for Low-Voltage Electrical Power Circuits" for transient voltage surge suppressors for low-voltage power, control, and communication equipment that may be located in secondary section.

		1.3 DEFINITIONS

		A. NETA ATS:  Acceptance Testing Specification.

		1.4 SUBMITTALS

		A. Product Data:  Include rated capacities, furnished specialties, and accessories.

		B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

		1. Wiring Diagrams:  Power, signal, and control wiring.

		2. Dimensioned plans and elevations showing major components and features.

		3. One-line diagram.

		4. List of materials.

		5. Nameplate legends.

		6. Size and number of bus bars and current rating for each bus, including mains and branches of phase, neutral, and ground buses.

		7. Short-time and short-circuit current ratings of secondary unit substations and components.

		8. Ratings of individual protective devices.

		D. Primary Fuses:  Submit recommendations and size calculations.

		2. Location of structural supports for structure-supported raceways, busways, and seismic bracing.

		3. Location of lighting fixtures, sprinkler piping and heads, ducts, and diffusers.

		1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."

		2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.

		3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

		G. Product Certificates:  For secondary unit substations, signed by product manufacturer.

		L. Operation and Maintenance Data:  For secondary unit substations and accessories to include in emergency, operation, and maintenance manuals.

		1.5 QUALITY ASSURANCE

		1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.

		B. Source Limitations:  Obtain secondary unit substation through one source from a single manufacturer.

		D. Electrical Components, Devices and Accessories:  Listed and labeled as defined in CEC, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

		E. Comply with IEEE C2.

		F. Comply with IEEE C37.121.

		G. Comply with CEC.

		1.6 DELIVERY, STORAGE, AND HANDLING

		B. Coordinate delivery of secondary unit substations to allow movement into designated space.

		C. Store secondary unit substation components[ protected from weather and] so condensation will not form on or in units.  Provide temporary heating according to manufacturer's written instructions.

		D. Handle secondary unit substation components according to manufacturer's written instructions.  Use factory-installed lifting provisions.

		1.7 PROJECT CONDITIONS

		A. Field Measurements:  Indicate measurements on Shop Drawings.

		1. Notify Owner and Construction Manager no fewer than 3 days in advance of proposed interruption of electric service.

		2. Do not proceed with interruption of electric service without Construction Manager's written permission.

		C. Service Conditions:  IEEE C37.121, usual service conditions, except for the following:

		2. Altitudes above 3300 feet (1000 m).

		3. Exposure to fumes, vapors, or dust.

		4. Exposure to explosive environments.

		5. Exposure to hot and humid climate or to excessive moisture, including steam, salt spray, and dripping water.

		6. Exposure to seismic shock or to abnormal vibration, shock, or tilting.

		7. Exposure to excessively high or low temperatures.

		8. Unusual transportation or storage conditions.

		9. Unusual grounding resistance conditions.

		10. Unusual space limitations.

		1.8 COORDINATION

		B. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.

		1.9 EXTRA MATERIALS

		a. Primary disconnect fuses.

		b. Potential transformer fuses.

		c. Control power fuses.

		d. Fuses and fusible devices for fused circuit breakers.

		e. Fuses for secondary fusible devices.

		2. Spare Indicating Lights:  Six of each type installed.

		3. Touchup Paint:  [Three] <Insert number> half-pint containersspray cans of paint matching enclosure's exterior finish.

		4. Primary Switch Contact Lubricant:  [One] <Insert number> container(s).

		1. [One] <Insert number> set(s) of spare mounting gaskets for bushings, handholes, and the gasket between relief cover and flange of pressure relief device.

		PART 2 -  PRODUCTS

		2.1 MANUFACTURERS

		1. ABB Control, Inc.

		2. Cooper Industries, Inc.; Cooper Power Systems Division.

		3. Cutler-Hammer.

		4. GE Electrical Distribution & Control.

		5. Siemens Energy & Automation, Inc.

		6. Square D; Schneider Electric.

		1. <Insert manufacturer's name.>



		2.2 MANUFACTURED UNITS

		A. Indoor Unit Arrangement:  Single assembly.

		A. Outdoor Unit Arrangement:  [Single assembly] [Separate secondary distribution equipment connected with busway].

		1. Weatherproof, listed for installation outdoors, complying with IEEE C37.20.1.

		2. Aisleless Construction:  Full-height doors in front of basic weatherproof equipment.



		B. Enclosure Finish:  Factory-applied finish in manufacturer's standard color, including under surfaces treated with corrosion-resistant undercoating.



		2.3 INCOMING SECTION

		A. Primary Incoming Section:  Transformer cover-mounted bushings.

		A. Primary Incoming Section:  Enclosed, air-interrupter, [dual primary] [primary] switch.

		1. Three pole, single throw, dead front, metal enclosed, with manual stored energy operator, [with fuses mounted on a single frame] [without fuses], complying with IEEE C37.20.3.

		2. MechanicalKey interlocking system to prevent fuse access door from being opened unless switch is open.[  Additionally, interlock air-interrupter switch with transformer secondary main circuit breaker, preventing switch from being opened or closed unless secondary main circuit breaker is open.]

		3. Phase Barriers:  Located between blades[ and fuses] of each phase, designed for easy removal, allows visual inspection of switch components when barrier is in place.

		4. Window:  Permits viewing switch-blade positions when door is closed.

		5. Accessory Set:  Tools and miscellaneous items required for interrupter switchgear test, inspection, maintenance, and operation.  Include fuse-handling tool as recommended by switchgear manufacturer.

		7. Short-Circuit Rating:

		a. Short-time momentary asymmetrical fault rating of 40 kA.

		b. 3-second symmetrical rating of 25-kA RMS.

		c. Fault close asymmetrical rating of 40 kA.



		8. Fuses:  Sizes recommended by secondary unit substation manufacturer, considering fan cooling, temperature-rise specification, and cycle loading.  Comply with the following:

		a. Current-limiting type, rated for not less than 50-kA RMS symmetrical current-interrupting capacity.

		b. Indicator integral with each fuse to show when it has blown.

		c. Spares:  Include three fuses in use and three spare fuses in storage clips in each switch.







		2.4 LIQUID-FILLED TRANSFORMER SECTION

		A. Insulating Liquid:  Mineral oil complying with ASTM D 3487, Type II, and tested according to ASTM D 117.

		A. Insulating Liquid:  Less flammable, dielectric, and UL listed as complying with NFPA 70 requirements for fire point of not less than 300 deg C when tested according to ASTM D 92.  Liquid shall be biodegradable and nontoxic.

		A. Insulating Liquid:  Less flammable, silicone-based dielectric, and UL listed as complying with NFPA 70 requirements for fire point of not less than 300 deg C when tested according to ASTM D 92.  Liquid shall have low toxicity and be nonhazardous.

		C. Insulation Temperature Rise:  65 deg C, based on an average ambient temperature of 30 deg C over 24 hours with a maximum ambient temperature of 40 deg C.

		D. Basic Impulse Level:  Comply with UL 1062.

		A. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps below rated primary voltage, with externally operable tap changer for de-energized use and with position indicator and padlock hasp.

		G. Cooling System:  Class [OA, liquid cooled] [OA/FA, liquid cooled, and with forced-air rating] [OA/FFA, liquid cooled, and with provisions for future forced-air rating].  Cooling systems shall include auxiliary cooling equipment, automatic controls, and status indicating lights.

		J. Accessories:  Grounding pads, lifting lugs, and provisions for jacking under base.  Transformers shall have a steel base and frame allowing use of pipe rollers in any direction, and an insulated, low-voltage, neutral bushing with removable ground strap.  Include the following additional accessories:

		1. Liquid-level gage.

		2. Pressure-vacuum gage.

		3. Liquid temperature indicator.

		4. Drain and filter valves.

		5. Pressure relief device.





		1.1 DRY-TYPE TRANSFORMER SECTION

		A. Enclosure:  [Indoor, ventilated] [Outdoor, ventilated] [Totally enclosed, nonventilated], cast coil/encapsulated coil, with primary and secondary windings individually cast in epoxy; with insulation system rated at 185 deg C with an 80 deg C average winding temperature rise above a maximum ambient temperature of 40 deg C.

		A. Cooling System:  Class [AA, air cooled] [AA/FA, air cooled with forced-air rating] [AA/FFA, air cooled with provisions for future forced-air rating], complying with IEEE C57.12.01.

		A. Insulation Materials:  IEEE C57.12.01, rated 220 deg C.

		A. Insulation Temperature Rise:  [80] [115] [150] deg C, maximum rise above 40 deg C.

		A. Full-Capacity Voltage Taps:  4 nominal 2.5 percent taps below rated primary voltage.



		2.5 SECONDARY DISTRIBUTION SECTION

		A. Secondary Distribution:  Low-voltage switchgear as specified in Division 26 Section "Low-Voltage Switchgear."

		A. Secondary Distribution:  Low-voltage switchboard as specified in Division 26 Section "Switchboards."

		A. Secondary Distribution:  Motor-control center as specified in Division 26 Section "Motor-Control Centers."

		A. Distribution Panelboard:  Panelboards as specified in Division 26 Section "Panelboards."

		A. Network Protectors:

		1. Rated for continuous service in an ambient temperature of up to 40 deg C, applied to 3-phase, 4-wire, solidly grounded wye secondary networks.  Comply with IEEE C57.12.44.

		1. Dead-front, drawout design with externally mounted fuses, using hand-cranked rail system.  Relay and control panel located on a separate drawout module.

		1. Protector Operator:  [Spring-close] [and] [or] [stored-energy] mechanism, rated to close on a [25,000] [40,000] RMS symmetrical load.

		1. Control Voltage:  Not more than 125 V.

		a. Close protector if positive sequence power flows into the network.  Adjustable closing range shall be from 0.5 to 3.5 V in phase difference between network and transformer voltages.

		a. Trip protector if there is a net, three-phase, reverse power flow through protector.  Trip protectors shall be adjustable from 0.05 to 5 percent of continuous-current rating of current transformers within protector.

		a. Trip protector if there is a flow of reverse magnetizing current of its associated transformer.

		a. Field-adjustable relay parameters and watt or watt-var trip values.



		1. Protector shall not open under any fault on network side of protector.

		1. Current-limiting fuses shall have interrupting capacity of 150,000 A on network side of protector for protection against switchboard bus faults.

		1. Mechanical interlocks shall prevent racking in and racking out when protector is closed.

		1. Auxiliary contacts shall be remotely tripped and locked out by four-wire remote pilot devices.

		1. Network protectors shall have not less than two spare auxiliary dry contacts.

		1. Network Switchgear-Mounted Disconnect Switch:  Supply each network-protector circuit with a switchgear-mounted fuse truck, with Class L fuses rated for 200-kA interrupting capacity, and key interlocked with each associated protector.





		2.6 IDENTIFICATION DEVICES

		2.7 SOURCE QUALITY CONTROL

		A. Factory Tests:  Perform design and routine tests according to standards specified for components.  Conduct transformer tests according to IEEE C57.12.90.  Conduct switchgear and switchboard tests according to ANSI C37.51.

		B. Factory Tests:  Perform the following factory-certified tests on each secondary unit substation:

		1. Resistance measurements of all windings on the rated voltage connection and on tap extreme connections.

		2. Ratios on the rated voltage connection and on tap extreme connections.

		3. Polarity and phase relation on the rated voltage connection.

		4. No-load loss at rated voltage on the rated voltage connection.

		5. Exciting current at rated voltage on the rated voltage connection.

		6. Impedance and load loss at rated current on the rated voltage connection and on tap extreme connections.

		7. Applied potential.

		8. Induced potential.

		a. Temperature test is not required if a record of a temperature test on an essentially duplicate unit is available.









		PART 3 -  EXECUTION

		3.1 EXAMINATION

		A. Examine areas and space conditions for compliance with requirements for secondary unit substations and other conditions affecting performance of work.

		B. Examine roughing-in of conduits and grounding systems to verify the following:

		1. Wiring entries comply with layout requirements.

		2. Entries are within conduit-entry tolerances specified by manufacturer and no feeders will have to cross section barriers to reach load or line lugs.



		C. Examine walls, floors, roofs, and concrete bases for suitable conditions for secondary unit substation installation.

		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Install secondary unit substations on concrete bases.

		3. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in Division 03 3000 Section Cast-in-Place Concrete.

		4. Install dowel rods to connect concrete bases to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of base.

		5. Install epoxy-coated anchor bolts for anchoring equipment to the concrete base.

		6. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

		7. Bolt transformers to channel-iron sills embedded in concrete bases.  Install sills level and grout flush with floor or base.



		B. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and CEC.



		3.3 IDENTIFICATION

		A. Identify field-installed wiring and components and provide warning signs as specified in Division 26 Section "Identification for Electrical Systems."

		B. Operating Instructions:  Frame printed operating instructions for secondary unit substations, including key interlocking, control sequences, elementary single-line diagram, and emergency procedures.  Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic.  Mount on front of secondary unit substation.



		3.4 CONNECTIONS

		A. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."

		B. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."



		3.5 CLEANING

		A. After completing equipment installation and before energizing, inspect unit components.  Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match original finish.  Vacuum interiors of secondary unit substation sections.



		3.6 FIELD QUALITY CONTROL

		B. Testing:  Engage a qualified testing and inspecting agency to perform the following field tests and inspections and prepare test reports:

		C. Perform the following field tests and inspections and prepare test reports:

		2. After installing secondary unit substation but before primary is energized, verify that grounding system at the substation tested at the specified value or less.

		3. After installing secondary unit substation and after electrical circuitry has been energized, test for compliance with requirements.

		4. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

		a. Remove and replace malfunctioning units and retest as specified above.







		3.7 FOLLOW-UP SERVICE

		A. Voltage Monitoring and Adjusting:  After Substantial Completion, if requested by Owner, but not more than six months after Final Acceptance, perform the following voltage monitoring:

		1. During a period of normal load cycles as evaluated by Owner, perform seven days of three-phase voltage recording at the outgoing section of each secondary unit substation.  Use voltmeters with calibration traceable to the National Institute of Science and Technology standards and with a chart speed of not less than 1 inch (25 mm) per hour.  Voltage unbalance greater than 1 percent between phases, or deviation of any phase voltage from the nominal value by more than plus or minus 5 percent during the test period, is unacceptable.

		2. Corrective Action:  If test results are unacceptable, perform the following corrective action, as appropriate:

		a. Adjust transformer taps.

		b. Rebalance loads.

		c. Prepare written request for voltage adjustment by electric utility.



		3. Retests:  Repeat monitoring, after corrective action has been performed, until satisfactory results are obtained.

		4. Report:  Prepare a written report covering monitoring performed and corrective action taken.



		B. Infrared Scanning:  Perform as specified in Division 26 Section "Medium-Voltage Switchgear."



		3.8 DEMONSTRATION

		A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain systems.  Refer to Division 01 Section "Demonstration and Training."
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


C. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


D. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the Contractor. 


E. Testing Agency Qualifications: Member company of NETA. 
1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 


testing. 


1.2 SUMMARY 


A. Section includes dead-front, SF6 switch 


1.3 DEFINITIONS 


A. BIL: Basic Impulse Insulation Level. 


B. Bushing: An insulating structure including a central conductor, or providing a central 
passage for a conductor, with provision for mounting on a barrier, conducting or 
otherwise, for insulating the conductor from the barrier and conducting current from 
one side of the barrier to the other. 


C. Bushing Elbow: An insulated device used to connect insulated conductors to 
separable insulated connectors on dead-front, pad-mounted switchgear and to 
provide a fully insulated connection. Also called an "elbow connector." 


D. Bushing Insert: That component of a separable insulated connector that is inserted 
into a bushing well to complete a dead-front, load break or non-load break, 
separable insulated connector (bushing). 


E. Bushing Well: A component of a separable insulated connector, either permanently 
welded or clamped to an enclosure wall or barrier, having a cavity that receives a 
replaceable component (bushing insert) to complete the separable insulated 
connector (bushing). 
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F. Fault Interrupter: A self-controlled mechanical switching device capable of making, 
carrying, and automatically interrupting an alternating current. It includes an 
assembly of control elements to detect overcurrents and control the fault interrupter. 
A fault interrupter always consists of a switching device, a control unit, and sensors 
for current and/or voltage sensing. 


G. Hotstick: An insulated stick, usually made of fiberglass, that is used to work 
energized overhead conductors and operate electrical equipment that is overhead, 
underground, and compartmentalized. 


H. NETA ATS: Acceptance Testing Specification. 


I. SCADA: Supervisory control and data acquisition. 


J. Way: A three-phase or single-phase circuit connection to the bus that may contain 
combinations of switches and protective devices or may be a solid bus. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Switch detailed drawings 
2. Switch ratings and test data 


a. Voltage. 
b. Continuous current. 
c. Short-circuit rating. 
d. BIL. 


3. Mounting details 
4. Fault current ratings 
5. Singleline diagrams 
6. Enclosure detailed drawings 
7. Design Calculations: Seismic certification restraints. 
8. Wiring Diagrams: For each switchgear assembly, include the following: 


a. Power, signal, and control wiring. 
b. Schematic diagrams showing connections to remote 


devices including SCADA remote terminal unit. 
9. ISO 9001-2000 certification 
10. Warranty 
11. Qualification Data: For testing agency. 
12. Seismic Qualification Certificates: For pad-mounted switchgear, from 


manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


13. Field quality-control reports. 
14. Operation and Maintenance Data: For switchgear and switchgear 


components to include in emergency, operation, and maintenance manuals. 
a. In addition to items specified in Section 017823 "Operation and 


Maintenance Data," include the following: 
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1) Manufacturer's written instructions for testing and adjusting 
overcurrent protective devices. 


2) Time-current curves, including selectable ranges for each 
type of overcurrent protective device. 


3) Record as-left set points of adjustable devices. 


B. Coordination Drawings: 
1. Utilities site plan, drawn to scale, showing heavy equipment or truck access 


paths for maintenance and replacement. 


PART 2 - PRODUCTS 


2.1 MANUFACTURER 


A. Switch manufacturer shall be Canada Power, G&W, S&C, or equal. 


2.2 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: The switchgear shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the switchgear will remain in place without 


separation of any parts when subjected to the seismic forces specified." 
2. Component Importance Factor:  1.25. 
3. Component Amplification Factor:  2.5. 
4. Component Response Modification Factor:  6.0. 


B. Service Conditions: 
1. Switchgear shall be suitable for operation under service conditions specified 


as usual service conditions in IEEE C37.20.3. 


2.3 ELECTRICAL RATINGS AND STANDARDS 


A. Switches are to be designed, tested, and built per applicable sections of ANSI 
C37.71-1987 and IEC 265-1.  Certified test reports shall be provided confirming 
complete ANSI series test results.  The switch assembly itself shall be rated: 
1. Max. design voltage, kV 15.5 
2. Impulse level (BIL), kV 95 
3. Open gap (BIL), kV 200 
4. Contr. & loadbreak, Amps 600 
5. 1 min. withstand, AC kV 34 
6. 15 min. withstand, DC kV 53 
7. Momentary asym, kA 40 
8. Fault-close asym, kA 40 
9. 1 second RMS sym, kA 25 
10. Operating overload interrupting capability, A 3,000 
11. Operations load interrupt endurance at 610A 1,200 
12. Max. gas leak test, cc/sec 10 -7 


B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


C. Comply with IEEE C2. 
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D. Comply with IEEE C37.74. 


2.4 SWITCH CONFIGURATION 


A. Switches shall be designed for front access to cables and switch operators.  Each 
switch shall have 3-phase load switch ways and/or 3-phase vacuum interrupter 
tapped ways as shown on the drawings.  


2.5 SWITCH CONSTRUCTION 


A. Weatherproof enclosure with an integral skid mounting frame, designed for mounting 
on a concrete pad, suitable to allow skidding or rolling of the switchgear in any 
direction, and with provision for anchoring the frame to the pad. 


B. Enclosure Integrity: Comply with IEEE C57.12.28 for compartmentalized enclosures 
that contain energized electrical equipment in excess of 600 V that may be exposed 
to the public. 


C. Corrosion Protection: Enclosure coating system shall be factory applied, meeting the 
requirements of IEEE C57.12.29, in manufacturer's standard color green. 


D. Dead-front, front access switchgear. 


E. Construct switchgear assembly with switched ways that have front-accessible 
terminations for cables entering from below and with manual operating provisions 
with a lineman's hotstick. 


F. Viewing Windows: For each switch, located adjacent to manual operating devices, 
and positioned to show switch contact position. 


G. Grounding: Provision to make grounding cable and wire connections at each way. 


H. All switch components and entrances shall be assembled in a totally welded 
stainless steel tank comprised of 11 gauge tank walls and a 1/4" thick lid.  Entrances 
shall be internally connected by copper conductors capable of handling momentary 
and continuous current duty.  The switch shall contain no electrically floating metallic 
parts of components.  Switches will be shipped factory filled with SF6 gas.  Tank 
shall be designed to withstand 15 PSIG internal pressure and an external pressure 
of 14 PSIG without affecting the performance of the switch. 


2.6 STANDARD COMPONENTS 


A. The following shall be included: 
1. SF6 fill valve. 
2. Two welded lifting eyes. 
3. Welded or bolted, gasketed entrance bushings. 
4. Gas pressure gauge and fill valve. 
5. Grounding provisions for one 1/2"-3/4” ground connection per switch way 


plus provisions for one 1/2"-3/4” tank ground connection. 
6. Stainless steel tank design using stainless steel and brass fasteners with no 


external aluminum parts. 
7. Three-line diagram and stainless steel nameplate, permanently mounted. 
8. Compression spring center. 
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9. 11 gauge stainless steel tank with 1/4" stainless steel lids. 
10. Tank coating to be light gray (ASA 70) vinyl paint with primer, three mil thick 


minimum. 
11. Padlockable operating mechanism with position indication. 
12. 5" phase spacing. 
13. 2" high mild steel mounting channel. 
14. Phase designation nameplates. 
15. Removable or fixed style operating handle(s). 
16. Switch enclosure shall be factory standard finish (color: green) with one-


year factory warranty. 


2.7 CABLE ENTRANCES 


A. Cable entrances shall be tested to ANSI/IEEE 386 and be 600A apparatus 
bushings. 


2.8 SWITCH OPERATION 


A. Each switching way shall be equipped with an internally mounted puffer-type 
operating mechanism capable of providing quick-make, quick-break operation in 
either switching direction.  The mechanism must be capable of delivering sufficient 
torque and shall be provided with latches for each position to assure load 
interrupting, fault closing, and momentary ratings. The mechanism shall use 
compression type springs to assure long life and reliability.  All switch positions are 
to be clearly identified and padlockable.  The operating mechanism shall be 
actuated from outside the switch tank by an external operating handle.  The 
operating shaft shall be made of stainless steel for maximum corrosion resistance.  
A double “O” ring type operating shaft seal shall be used for a leak resistant, long life 
seal. 


2.9 SWITCH CONTACTS 


A. Switch contacts shall be puffer-type linear design and made of high-conductivity 
copper alloy with arcing tips of copper/tungsten alloy to assure permanent low 
resistance and to avoid sticking during operation.  The contacts shall be designed so 
that: 
1. Arcing does not occur in the area of main current interchange. 
2. Contact pressure shall increase with increasing current flow. 


B. The contact nozzle shall have a converging/diverging geometry which improves the 
flow of SF6 into the arc zone.  Contact travel shall be three inches and have 
sufficient open contact separation to assure efficient arc extinction and to withstand 
field DC testing levels and maintain BIL levels.  The stationary contacts shall be 
supported independent of the cable entrance bushings, eliminating possible 
misalignment resulting from tank deflections.  Temperature rise shall not exceed 
ANSI C37.71 and IEC 265-1 standards for this type of device.  Switch contacts shall 
be clearly visible in the open position with optional viewing windows. 


2.10 MOUNTING FRAMES 


A. Frames shall be of bolted galvanized steel construction. 







SAN DIEGO STATE UNIVERSITY         SECTION 261329 
EIS COMPLEX                               MEDIUM-VOLTAGE, PAD-MOUNTED SWITCHGEAR 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                                            
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 261329 - 6 Michael Wall EngineeringACM 


2.11 OPTIONS 


A. The following options shall be supplied: 
1. Provisions for keylock. 
2. Remote monitoring 
3. Viewing windows per switchway. 
4. Provisions for use identification plate. 


2.12 WARNING LABELS AND SIGNS 


A. Comply with requirements in Section 260553 "Identification for Electrical Systems" 
for labels and signs. 
1. High-Voltage Warning Label: Self-adhesive warning signs on the outside of 


the high-voltage compartment door(s). Sign legend shall be "DANGER 
HIGH VOLTAGE" printed in two lines of nominal 2-inch (50 mm) high letters. 
The word "DANGER" shall be in white letters on a red background and the 
words "HIGH VOLTAGE" shall be in black letters on a white background. 


2. Arc-Flash Warning Label: Self-adhesive warning signs on the outside of the 
high-voltage compartment door(s), warning of potential electrical arc-flash 
hazards and appropriate personal protective equipment required. 


2.13 FACTORY PRODUCTION TESTING 


A. Factory Tests: Comply with requirements in IEEE C37.60 and IEEE C37.74 for 
testing procedures. 
1. Circuit Resistance Test: Verify that switchgear contacts have been properly 


aligned and current transfer points have been properly assembled. 
2. Power-frequency dry withstand voltage test. 
3. Dielectric withstand test; one-minute dry power-frequency. 
4. Calibrate overcurrent devices for conformance to published time-current 


characteristic curves. 
5. Sealed Tank Leak Test: 


a. Comply with IEC 62271-1 for test procedure for switchgear using 
SF6. 


b. The test procedure for vacuum switchgear shall be as follows: 
6. Each vacuum tube shall be identified by its serial number. Its vacuum 


pressure level shall be tested by the manufacturer of the vacuum interrupter. 
Document the test results. 


7. After assembly of the switchgear way, test the vacuum pressure level of the 
vacuum tubes by the routine dielectric test across the open contacts. The 
test voltage shall be stated by the manufacturer. The dielectric test shall be 
carried out after the mechanical routine test. 


8. Operating tests shall verify the following: 
a. Switch position indicators and contacts are in the correct position for 


both the open and closed positions. 
b. Insulating medium quantity indicator (if provided) is functioning 


properly. 
c. Circuit configuration is shown correctly. 
d. Mechanical interlocks are in place and operative. 
e. Position and polarity of current transformers meets requirements. 
f. Control, secondary wiring, and accessory devices are connected 


correctly. 
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g. Devices and relays actually operate as intended. Circuits for which 
operation is not feasible shall be checked for continuity. 


B. Bulk SF6 gas supply for each individual switch shall be tested for moisture content.  
Each individual switch shall undergo a mechanical operation check, leak test, and a 
moisture content check.  Switch shall be factory filled with SF6 gas and AC Hi-Pot 
tested one minute phase-to-phase and phase-to-ground and across the open 
contacts.  Circuit resistance shall be checked on all ways. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Upon delivery of switchgear and prior to unloading, inspect equipment for damage. 
1. Examine tie rods and chains to verify they are undamaged and tight and that 


blocking and bracing are tight. 
2. Verify that there is no evidence of load shifting in transit and that readings 


from transportation shock recorders, if equipped, are within manufacturer's 
recommendations. 


3. Examine switchgear for external damage, including dents or scratches in 
doors and sill, and termination provisions. 


4. Compare switchgear and accessories received with the bill of materials to 
verify that the shipment is complete. Verify that switchgear and accessories 
conform to the manufacturer's quotation and Shop Drawings. If the shipment 
is not complete or does not comply with project requirements, notify the 
manufacturer in writing immediately. 


5. Unload switchgear, observing packing label warnings and handling 
instructions. 


6. Open compartment doors and inspect components for damage or displaced 
parts, loose or broken connections, cracked or chipped insulators, bent 
mounting flanges, dirt or foreign material, and water or moisture. 


B. Handling: 
1. Handle switchgear, according to manufacturer's recommendations; avoid 


damage to the enclosure, termination compartments, base, frame, and 
internal components. Do not subject switchgear to impact, jolting, jarring, or 
rough handling. 


2. Transport switchgear upright to avoid internal stresses on equipment 
mounting assemblies. Do not tilt or tip switchgear. 


3. Use spreaders or a lifting beam to obtain a vertical lift and to protect 
switchgear from straps bearing against the enclosure. Lifting cable pull 
angles may not be greater than 15 degrees from vertical. 


4. Do not damage structure when handling switchgear. 


C. Storage: 
1. Switchgear may be stored outdoors. If possible, store switchgear at final 


installation locations on concrete pads. If dry concrete surfaces are not 
available, use pallets of adequate strength to protect switchgear from direct 
contact with the ground. Ensure switchgear is level. 


2. Protect switchgear from physical damage. Do not store switchgear in the 
presence of corrosive or explosive gases. 


3. Store switchgear with compartment doors closed. 
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D. Examine roughing-in of conduits and grounding systems to verify the following: 
1. Wiring entries comply with layout requirements. 
2. Entries are within conduit-entry tolerances specified by manufacturer and no 


feeders have to cross section barriers to reach load or line lugs. 


E. Pre-Installation Checks: 
1. Verify removal of any shipping bracing after placement. 


F. Verify that ground connections are in place and that requirements in Section 260526 
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground 
resistance shall be 5 ohms at switchgear location. 


G. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Comply with NECA 1. 


B. Equipment Mounting: 
1. Install switchgear on cast-in-place concrete equipment base(s). Comply with 


requirements for equipment bases and foundations specified in 
Section 033000 "Cast-in-Place Concrete." 


2. Comply with requirements for vibration isolation and seismic control devices 
specified in Section 260548.16 "Seismic Controls for Electrical Systems." 


C. Install level and plumb, tilting less than 1.5 degrees when energized. 


D. Maintain minimum clearances and workspace at equipment according to 
manufacturer's written instructions and CEC. 


E. Maintain minimum clearances and workspace at equipment according to 
manufacturer's written instructions and IEEE C2. 


3.3 CONNECTIONS 


A. Ground equipment according to Section 260526 "Grounding and Bonding for 
Electrical Systems." 
1. For counterpoise, use tinned bare copper cable not smaller than No. 4/0 


AWG, buried not less than 30 inches below grade interconnecting the 
grounding electrodes. Bond surge arrester and neutrals directly to the 
switchgear enclosure and then to the grounding electrode system with bare 
copper conductors, sized as shown. Keep lead lengths as short as 
practicable with no kinks or sharp bends. 


2. Fence and equipment connections shall not be smaller than No. 4 AWG. 
Ground fence at each gate post and corner post and at intervals not 
exceeding 10 ft.. Bond each gate section to the fence post using 1/8 by 1 
inch flexible braided copper strap and clamps. 


3. Make joints in grounding conductors and loops by exothermic weld or 
compression connector. 


4. Terminate all grounding and bonding conductors on a common equipment 
grounding terminal on the switchgear enclosure. 


5. Complete the switchgear grounding and surge protector connections prior to 
making any other electrical connections. 
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B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 
1. Maintain air clearances between energized live parts and between live parts 


and ground for exposed connections in accordance with manufacturer 
recommendations. 


2. Bundle associated phase, neutral, and equipment grounding conductors 
together within the switchgear enclosure. Arrange conductors such that 
there is not excessive strain on the connections that could cause loose 
connections. Allow adequate slack for expansion and contraction of 
conductors. 


C. Terminate medium-voltage cables in incoming section of switchgear according to 
Section 260513 "Medium-Voltage Cables." 


3.4 SIGNS AND LABELS 


A. Comply with the installation requirements for labels and signs specified in 
Section 260553 "Identification for Electrical Systems." 


B. Install warning signs as required to comply with OSHA 29 CFR 1910.269. 


3.5 FIELD QUALITY CONTROL 


A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”. 


END OF SECTION 
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		3. Open gap (BIL), kV	200

		4. Contr. & loadbreak, Amps	600

		5. 1 min. withstand, AC kV	34

		6. 15 min. withstand, DC kV	53

		7. Momentary asym, kA	40

		8. Fault-close asym, kA	40

		9. 1 second RMS sym, kA	25

		10. Operating overload interrupting capability, A	3,000

		11. Operations load interrupt endurance at 610A	1,200

		12. Max. gas leak test, cc/sec	10 -7



		B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		C. Comply with IEEE C2.

		D. Comply with IEEE C37.74.



		2.4 SWITCH CONFIGURATION

		A. Switches shall be designed for front access to cables and switch operators.  Each switch shall have 3-phase load switch ways and/or 3-phase vacuum interrupter tapped ways as shown on the drawings.	



		2.5 SWITCH CONSTRUCTION

		A. Weatherproof enclosure with an integral skid mounting frame, designed for mounting on a concrete pad, suitable to allow skidding or rolling of the switchgear in any direction, and with provision for anchoring the frame to the pad.

		B. Enclosure Integrity: Comply with IEEE C57.12.28 for compartmentalized enclosures that contain energized electrical equipment in excess of 600 V that may be exposed to the public.

		C. Corrosion Protection: Enclosure coating system shall be factory applied, meeting the requirements of IEEE C57.12.29, in manufacturer's standard color green.

		D. Dead-front, front access switchgear.

		E. Construct switchgear assembly with switched ways that have front-accessible terminations for cables entering from below and with manual operating provisions with a lineman's hotstick.

		F. Viewing Windows: For each switch, located adjacent to manual operating devices, and positioned to show switch contact position.

		G. Grounding: Provision to make grounding cable and wire connections at each way.

		H. All switch components and entrances shall be assembled in a totally welded stainless steel tank comprised of 11 gauge tank walls and a 1/4" thick lid.  Entrances shall be internally connected by copper conductors capable of handling momentary and continuous current duty.  The switch shall contain no electrically floating metallic parts of components.  Switches will be shipped factory filled with SF6 gas.  Tank shall be designed to withstand 15 PSIG internal pressure and an external pressure of 14 PSIG without affecting the performance of the switch.



		2.6 STANDARD COMPONENTS

		A. The following shall be included:

		1. SF6 fill valve.

		2. Two welded lifting eyes.

		3. Welded or bolted, gasketed entrance bushings.

		4. Gas pressure gauge and fill valve.

		5. Grounding provisions for one 1/2"-3/4” ground connection per switch way plus provisions for one 1/2"-3/4” tank ground connection.

		6. Stainless steel tank design using stainless steel and brass fasteners with no external aluminum parts.

		7. Three-line diagram and stainless steel nameplate, permanently mounted.

		8. Compression spring center.

		9. 11 gauge stainless steel tank with 1/4" stainless steel lids.

		10. Tank coating to be light gray (ASA 70) vinyl paint with primer, three mil thick minimum.

		11. Padlockable operating mechanism with position indication.

		12. 5" phase spacing.

		13. 2" high mild steel mounting channel.

		14. Phase designation nameplates.

		15. Removable or fixed style operating handle(s).

		16. Switch enclosure shall be factory standard finish (color: green) with one-year factory warranty.





		2.7 CABLE ENTRANCES

		A. Cable entrances shall be tested to ANSI/IEEE 386 and be 600A apparatus bushings.



		2.8 SWITCH OPERATION

		A. Each switching way shall be equipped with an internally mounted puffer-type operating mechanism capable of providing quick-make, quick-break operation in either switching direction.  The mechanism must be capable of delivering sufficient torque and shall be provided with latches for each position to assure load interrupting, fault closing, and momentary ratings. The mechanism shall use compression type springs to assure long life and reliability.  All switch positions are to be clearly identified and padlockable.  The operating mechanism shall be actuated from outside the switch tank by an external operating handle.  The operating shaft shall be made of stainless steel for maximum corrosion resistance.  A double “O” ring type operating shaft seal shall be used for a leak resistant, long life seal.



		2.9 SWITCH CONTACTS

		A. Switch contacts shall be puffer-type linear design and made of high-conductivity copper alloy with arcing tips of copper/tungsten alloy to assure permanent low resistance and to avoid sticking during operation.  The contacts shall be designed so that:

		1. Arcing does not occur in the area of main current interchange.

		2. Contact pressure shall increase with increasing current flow.



		B. The contact nozzle shall have a converging/diverging geometry which improves the flow of SF6 into the arc zone.  Contact travel shall be three inches and have sufficient open contact separation to assure efficient arc extinction and to withstand field DC testing levels and maintain BIL levels.  The stationary contacts shall be supported independent of the cable entrance bushings, eliminating possible misalignment resulting from tank deflections.  Temperature rise shall not exceed ANSI C37.71 and IEC 265-1 standards for this type of device.  Switch contacts shall be clearly visible in the open position with optional viewing windows.



		2.10 MOUNTING FRAMES

		A. Frames shall be of bolted galvanized steel construction.



		2.11 OPTIONS

		A. The following options shall be supplied:

		1. Provisions for keylock.

		2. Remote monitoring

		3. Viewing windows per switchway.

		4. Provisions for use identification plate.





		2.12 WARNING LABELS AND SIGNS

		A. Comply with requirements in Section 260553 "Identification for Electrical Systems" for labels and signs.

		1. High-Voltage Warning Label: Self-adhesive warning signs on the outside of the high-voltage compartment door(s). Sign legend shall be "DANGER HIGH VOLTAGE" printed in two lines of nominal 2-inch (50 mm) high letters. The word "DANGER" shall be in white letters on a red background and the words "HIGH VOLTAGE" shall be in black letters on a white background.

		2. Arc-Flash Warning Label: Self-adhesive warning signs on the outside of the high-voltage compartment door(s), warning of potential electrical arc-flash hazards and appropriate personal protective equipment required.





		2.13 FACTORY PRODUCTION TESTING

		A. Factory Tests: Comply with requirements in IEEE C37.60 and IEEE C37.74 for testing procedures.

		1. Circuit Resistance Test: Verify that switchgear contacts have been properly aligned and current transfer points have been properly assembled.

		2. Power-frequency dry withstand voltage test.

		3. Dielectric withstand test; one-minute dry power-frequency.

		4. Calibrate overcurrent devices for conformance to published time-current characteristic curves.

		5. Sealed Tank Leak Test:

		a. Comply with IEC 62271-1 for test procedure for switchgear using SF6.

		b. The test procedure for vacuum switchgear shall be as follows:



		6. Each vacuum tube shall be identified by its serial number. Its vacuum pressure level shall be tested by the manufacturer of the vacuum interrupter. Document the test results.

		7. After assembly of the switchgear way, test the vacuum pressure level of the vacuum tubes by the routine dielectric test across the open contacts. The test voltage shall be stated by the manufacturer. The dielectric test shall be carried out after the mechanical routine test.

		8. Operating tests shall verify the following:

		a. Switch position indicators and contacts are in the correct position for both the open and closed positions.

		b. Insulating medium quantity indicator (if provided) is functioning properly.

		c. Circuit configuration is shown correctly.

		d. Mechanical interlocks are in place and operative.

		e. Position and polarity of current transformers meets requirements.

		f. Control, secondary wiring, and accessory devices are connected correctly.

		g. Devices and relays actually operate as intended. Circuits for which operation is not feasible shall be checked for continuity.





		B. Bulk SF6 gas supply for each individual switch shall be tested for moisture content.  Each individual switch shall undergo a mechanical operation check, leak test, and a moisture content check.  Switch shall be factory filled with SF6 gas and AC Hi-Pot tested one minute phase-to-phase and phase-to-ground and across the open contacts.  Circuit resistance shall be checked on all ways.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Upon delivery of switchgear and prior to unloading, inspect equipment for damage.

		1. Examine tie rods and chains to verify they are undamaged and tight and that blocking and bracing are tight.

		2. Verify that there is no evidence of load shifting in transit and that readings from transportation shock recorders, if equipped, are within manufacturer's recommendations.

		3. Examine switchgear for external damage, including dents or scratches in doors and sill, and termination provisions.

		4. Compare switchgear and accessories received with the bill of materials to verify that the shipment is complete. Verify that switchgear and accessories conform to the manufacturer's quotation and Shop Drawings. If the shipment is not complete or does not comply with project requirements, notify the manufacturer in writing immediately.

		5. Unload switchgear, observing packing label warnings and handling instructions.

		6. Open compartment doors and inspect components for damage or displaced parts, loose or broken connections, cracked or chipped insulators, bent mounting flanges, dirt or foreign material, and water or moisture.



		B. Handling:

		1. Handle switchgear, according to manufacturer's recommendations; avoid damage to the enclosure, termination compartments, base, frame, and internal components. Do not subject switchgear to impact, jolting, jarring, or rough handling.

		2. Transport switchgear upright to avoid internal stresses on equipment mounting assemblies. Do not tilt or tip switchgear.

		3. Use spreaders or a lifting beam to obtain a vertical lift and to protect switchgear from straps bearing against the enclosure. Lifting cable pull angles may not be greater than 15 degrees from vertical.

		4. Do not damage structure when handling switchgear.



		C. Storage:

		1. Switchgear may be stored outdoors. If possible, store switchgear at final installation locations on concrete pads. If dry concrete surfaces are not available, use pallets of adequate strength to protect switchgear from direct contact with the ground. Ensure switchgear is level.

		2. Protect switchgear from physical damage. Do not store switchgear in the presence of corrosive or explosive gases.

		3. Store switchgear with compartment doors closed.



		D. Examine roughing-in of conduits and grounding systems to verify the following:

		1. Wiring entries comply with layout requirements.

		2. Entries are within conduit-entry tolerances specified by manufacturer and no feeders have to cross section barriers to reach load or line lugs.



		E. Pre-Installation Checks:

		1. Verify removal of any shipping bracing after placement.



		F. Verify that ground connections are in place and that requirements in Section 260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at switchgear location.

		G. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Comply with NECA 1.

		B. Equipment Mounting:

		1. Install switchgear on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."

		2. Comply with requirements for vibration isolation and seismic control devices specified in Section 260548.16 "Seismic Controls for Electrical Systems."



		C. Install level and plumb, tilting less than 1.5 degrees when energized.

		D. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and CEC.

		E. Maintain minimum clearances and workspace at equipment according to manufacturer's written instructions and IEEE C2.



		3.3 CONNECTIONS

		A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

		1. For counterpoise, use tinned bare copper cable not smaller than No. 4/0 AWG, buried not less than 30 inches below grade interconnecting the grounding electrodes. Bond surge arrester and neutrals directly to the switchgear enclosure and then to the grounding electrode system with bare copper conductors, sized as shown. Keep lead lengths as short as practicable with no kinks or sharp bends.

		2. Fence and equipment connections shall not be smaller than No. 4 AWG. Ground fence at each gate post and corner post and at intervals not exceeding 10 ft.. Bond each gate section to the fence post using 1/8 by 1 inch flexible braided copper strap and clamps.

		3. Make joints in grounding conductors and loops by exothermic weld or compression connector.

		4. Terminate all grounding and bonding conductors on a common equipment grounding terminal on the switchgear enclosure.

		5. Complete the switchgear grounding and surge protector connections prior to making any other electrical connections.



		B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

		1. Maintain air clearances between energized live parts and between live parts and ground for exposed connections in accordance with manufacturer recommendations.

		2. Bundle associated phase, neutral, and equipment grounding conductors together within the switchgear enclosure. Arrange conductors such that there is not excessive strain on the connections that could cause loose connections. Allow adequate slack for expansion and contraction of conductors.



		C. Terminate medium-voltage cables in incoming section of switchgear according to Section 260513 "Medium-Voltage Cables."



		3.4 SIGNS AND LABELS

		A. Comply with the installation requirements for labels and signs specified in Section 260553 "Identification for Electrical Systems."

		B. Install warning signs as required to comply with OSHA 29 CFR 1910.269.



		3.5 FIELD QUALITY CONTROL

		A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes:  Distribution, dry-type transformers rated 600 V and less, with 
capacities up to 1500 kVA. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Testing Agency Qualifications: Member company of NETA or an NRTL. 
1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 


testing. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Action Submittals 
1. Product Data: For each type of product. 


a. Include construction details, material descriptions, dimensions of 
individual components and profiles, and finishes for each type and 
size of transformer. 


b. Include rated nameplate data, capacities, weights, dimensions, 
minimum clearances, installed devices and features, and 
performance for each type and size of transformer. 
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2. Shop Drawings: 
a. Detail equipment assemblies and indicate dimensions, weights, 


loads, required clearances, method of field assembly, components, 
and location and size of each field connection. 


b. Vibration Isolation Base Details: Detail fabrication including 
anchorages and attachments to structure and to supported 
equipment. 


c. Include diagrams for power, signal, and control wiring. 


C. Informational Submittals 
1. Seismic Qualification Certificates: For transformers, accessories, and 


components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


2. Qualification Data: For testing agency. 
3. Source quality-control reports. 
4. Field quality-control reports. 


D. Closeout Submittals 
1. Operation and Maintenance Data: For transformers to include in emergency, 


operation, and maintenance manuals. 


PART 2 - PRODUCTS 


2.1 GENERAL REQUIREMENTS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D. 


B. Transformers shall be general purpose, energy efficient, ventilated dry-type, factory 
assembled, dead-front, metal enclosed, self-supporting floor standing as noted in 
the construction documents. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. Provide transformers that are constructed to withstand seismic forces specified in 
Section 260548.16 "Seismic Controls for Electrical Systems." 


E. Transformers shall be 480V-208Y/120V 3PH 4W (primary-secondary) voltage rated, 
unless noted otherwise. 


F. Transformers shall be rated for 115 degrees C rise above an ambient temperature of 
40 degrees C.   


G. Transformers shall have Class 220 coil insulation minimum. 
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H. K-Factor Rating: Transformers indicated to be K-factor rated shall comply with 
UL 1561 requirements for nonsinusoidal load current-handling capability to the 
degree defined by designated K-factor. 
1. Unit shall not overheat when carrying full-load current with harmonic 


distortion corresponding to designated K-factor. 
2. Indicate value of K-factor on transformer nameplate. 
3. Unit shall meet requirements of NEMA TP 1 when tested according to 


NEMA TP 2 with a K-factor equal to one. 


I. Cores: Electrical grade, non-aging silicon steel with high permeability and low 
hysteresis losses. One leg per phase. 


J. Coils shall be continuously wound non-hygroscopic type with thermosetting varnish.  
Windings shall be copper. 


K. Encapsulation: Transformers smaller than 30 kVA shall have core and coils 
completely resin encapsulated. 


L. Taps shall be provided at primary windings with (6) 2 1/2% taps, two above and four 
below rated voltage. 


M. Grounding shall be provided by means of a flexible grounding strap. 


N. Transformers shall be suitable for the environment in which they are located and 
shall be NEMA 1, indoor, unless noted otherwise on the construction documents. 


O. Transformers shall have lifting lugs and be enclosed in a heavy gauge, sheet steel 
housing with baked enamel finish.  The enclosure shall be ventilated. 


P. Transformers located in exterior areas shall be NEMA 3R, with drip shield and 
corrosion resistant finish. 


Q. Transformers shall comply with the latest ANSI and NEMA ST-20 sound 
performance requirements and as a minimum exceed the requirements by 3 dB. 


R. Transformers 15kVA and larger shall comply with the latest NEMA TP-1 energy 
efficiency requirements as mandated by California Administrative Code Title 20 and 
24. 


S. Transformers shall have impedances greater than or equal to the following minimum 
values: 


30kVA: 2.7% 
45kVA: 1.8% 
75kVA: 2.5% 
112.5kVA: 2.2% 
150kVA: 2.3% 
225kVA: 3.6% 
300kVA: 4.3% 


T. Neutral: Rated 200 percent of full load current for K-factor rated transformers. 


U. Wall Brackets:  Manufacturer's standard brackets. 
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V. Low-Sound-Level Requirements: Minimum of 3 dBA less than NEMA ST 20 
standard sound levels when factory tested according to IEEE C57.12.91. 


2.2 IDENTIFICATION DEVICES 


A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution 
transformer, mounted with corrosion-resistant screws. Nameplates and label 
products are specified in Section 260553 "Identification for Electrical Systems." 


2.3 SOURCE QUALITY CONTROL 


A. Test and inspect transformers according to IEEE C57.12.01 and IEEE C57.12.91. 
1. Resistance measurements of all windings at the rated voltage connections 


and at all tap connections. 
2. Ratio tests at the rated voltage connections and at all tap connections. 
3. Phase relation and polarity tests at the rated voltage connections. 
4. No load losses, and excitation current and rated voltage at the rated voltage 


connections. 
5. Impedance and load losses at rated current and rated frequency at the rated 


voltage connections. 
6. Applied and induced tensile tests. 
7. Regulation and efficiency at rated load and voltage. 
8. Insulation Resistance Tests: 


a. High-voltage to ground. 
b. Low-voltage to ground. 
c. High-voltage to low-voltage. 


9. Temperature tests. 


B. Factory Sound-Level Tests:  Conduct prototype sound-level tests on production-line 
products. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine conditions for compliance with enclosure- and ambient-temperature 
requirements for each transformer. 


B. Verify that field measurements are as needed to maintain working clearances 
required by CEC and manufacturer's written instructions. 


C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions 
where transformers will be installed. 


D. Verify that ground connections are in place and requirements in Section 260526 
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground 
resistance shall be 5 ohms at location of transformer. 


E. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 INSTALLATION 


A. Installation method of transformers shall comply with the latest enforced edition of 
the National Electrical Code and the authority having jurisdiction. 


B. Install all transformers in accordance with the manufacturer’s recommendations and 
requirements. 


C. Coordinate transformer location and size with architectural and interior drawings.  
Coordinate with other trades to identify conflicts with transformer locations and notify 
the Engineer of any conflicts.   


D. Locate transformers away from corners and not parallel to adjacent wall surface. 


E. Coordinate transformer size with concrete housekeeping pads, structural frames, 
and mounting hardware. 


F. Construct concrete bases according to Section 033000 "Cast-in-Place Concrete" 
and anchor floor-mounted transformers according to manufacturer's written 
instructions, seismic codes applicable to Project, and requirements in 
Section 260529 "Hangers and Supports for Electrical Systems." 
1. Coordinate size and location of concrete bases with actual transformer 


provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and 
formwork requirements are specified with concrete. 


G. Brace transformers per California Code of Regulations, Title 24, Seismic Design 
Category D requirements. 


H. Provide rubber vibration isolation between transformer and floor, structure, or any 
fixed surface (including wireways). 


I. Secure covers to enclosure and tighten all bolts to manufacturer-recommended 
torques to reduce noise generation. 


J. Remove shipping bolts, blocking, and wedges. 


K. Test all transformers for voltage level at primary and secondary windings. 


L. Install all transformers plumb and square to structure and adjacent surfaces. 


M. Ground equipment according to Section 260526 "Grounding and Bonding for 
Electrical Systems." 


N. Connect wiring according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 


O. Install all conduit connections to transformer with flexible conduit. 


P. Install wall-mounted transformers level and plumb with wall brackets fabricated by 
transformer manufacturer. 
1. Coordinate installation of wall-mounted and structure-hanging supports with 


actual transformer provided. 
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2. Brace wall-mounted transformers as specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 


Q. Clean all transformer interiors and exteriors prior to handing over to Owner.  Touch 
up scratched paint and finishes as necessary. 


R. Tighten electrical connectors and terminals according to manufacturer’s published 
torque-tightening values. If manufacturer’s torque values are not indicated, use 
those specified in UL 486A-486B. 


3.3 FIELD QUALITY CONTROL 


A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections 
and prepare test reports. 


B. Tests and Inspections: 
1. Perform each visual and mechanical inspection and electrical test stated in 


NETA ATS for dry-type, air-cooled, low-voltage transformers. Certify 
compliance with test parameters. 


C. Remove and replace units that do not pass tests or inspections and retest as 
specified above. 


D. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and 
signed "Satisfactory Test" label to tested component. 


END OF SECTION 
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		L. Taps shall be provided at primary windings with (6) 2 1/2% taps, two above and four below rated voltage.

		M. Grounding shall be provided by means of a flexible grounding strap.

		N. Transformers shall be suitable for the environment in which they are located and shall be NEMA 1, indoor, unless noted otherwise on the construction documents.

		O. Transformers shall have lifting lugs and be enclosed in a heavy gauge, sheet steel housing with baked enamel finish.  The enclosure shall be ventilated.

		P. Transformers located in exterior areas shall be NEMA 3R, with drip shield and corrosion resistant finish.

		Q. Transformers shall comply with the latest ANSI and NEMA ST-20 sound performance requirements and as a minimum exceed the requirements by 3 dB.

		R. Transformers 15kVA and larger shall comply with the latest NEMA TP-1 energy efficiency requirements as mandated by California Administrative Code Title 20 and 24.

		S. Transformers shall have impedances greater than or equal to the following minimum values:

		T. Neutral: Rated 200 percent of full load current for K-factor rated transformers.

		U. Wall Brackets:  Manufacturer's standard brackets.

		V. Low-Sound-Level Requirements: Minimum of 3 dBA less than NEMA ST 20 standard sound levels when factory tested according to IEEE C57.12.91.



		2.2 IDENTIFICATION DEVICES

		A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution transformer, mounted with corrosion-resistant screws. Nameplates and label products are specified in Section 260553 "Identification for Electrical Systems."



		2.3 SOURCE QUALITY CONTROL

		A. Test and inspect transformers according to IEEE C57.12.01 and IEEE C57.12.91.

		1. Resistance measurements of all windings at the rated voltage connections and at all tap connections.

		2. Ratio tests at the rated voltage connections and at all tap connections.

		3. Phase relation and polarity tests at the rated voltage connections.

		4. No load losses, and excitation current and rated voltage at the rated voltage connections.

		5. Impedance and load losses at rated current and rated frequency at the rated voltage connections.

		6. Applied and induced tensile tests.

		7. Regulation and efficiency at rated load and voltage.

		8. Insulation Resistance Tests:

		a. High-voltage to ground.

		b. Low-voltage to ground.

		c. High-voltage to low-voltage.



		9. Temperature tests.



		B. Factory Sound-Level Tests:  Conduct prototype sound-level tests on production-line products.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each transformer.

		B. Verify that field measurements are as needed to maintain working clearances required by CEC and manufacturer's written instructions.

		C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will be installed.

		D. Verify that ground connections are in place and requirements in Section 260526 "Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 ohms at location of transformer.

		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Installation method of transformers shall comply with the latest enforced edition of the National Electrical Code and the authority having jurisdiction.

		B. Install all transformers in accordance with the manufacturer’s recommendations and requirements.

		C. Coordinate transformer location and size with architectural and interior drawings.  Coordinate with other trades to identify conflicts with transformer locations and notify the Engineer of any conflicts.  

		D. Locate transformers away from corners and not parallel to adjacent wall surface.

		E. Coordinate transformer size with concrete housekeeping pads, structural frames, and mounting hardware.

		F. Construct concrete bases according to Section 033000 "Cast-in-Place Concrete" and anchor floor-mounted transformers according to manufacturer's written instructions, seismic codes applicable to Project, and requirements in Section 260529 "Hangers and Supports for Electrical Systems."

		1. Coordinate size and location of concrete bases with actual transformer provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with concrete.



		G. Brace transformers per California Code of Regulations, Title 24, Seismic Design Category D requirements.

		H. Provide rubber vibration isolation between transformer and floor, structure, or any fixed surface (including wireways).

		I. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to reduce noise generation.

		J. Remove shipping bolts, blocking, and wedges.

		K. Test all transformers for voltage level at primary and secondary windings.

		L. Install all transformers plumb and square to structure and adjacent surfaces.

		M. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

		N. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

		O. Install all conduit connections to transformer with flexible conduit.

		P. Install wall-mounted transformers level and plumb with wall brackets fabricated by transformer manufacturer.

		1. Coordinate installation of wall-mounted and structure-hanging supports with actual transformer provided.

		2. Brace wall-mounted transformers as specified in Section 260548.16 "Seismic Controls for Electrical Systems."



		Q. Clean all transformer interiors and exteriors prior to handing over to Owner.  Touch up scratched paint and finishes as necessary.

		R. Tighten electrical connectors and terminals according to manufacturer’s published torque-tightening values. If manufacturer’s torque values are not indicated, use those specified in UL 486A-486B.



		3.3 FIELD QUALITY CONTROL

		A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare test reports.

		B. Tests and Inspections:

		1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS for dry-type, air-cooled, low-voltage transformers. Certify compliance with test parameters.



		C. Remove and replace units that do not pass tests or inspections and retest as specified above.

		D. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory Test" label to tested component.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Service and distribution switchboards rated 600 V and less. 
2. Surge protection devices. 
3. Disconnecting and overcurrent protective devices. 
4. Instrumentation. 
5. Control power. 
6. Accessory components and features. 
7. Identification. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Testing Agency Qualifications: Member company of NETA or an NRTL. 
1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site 


testing. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for . 
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A.B. Action Submittals 
1. Product Data: For each switchboard, overcurrent protective device, surge 


protection device, ground-fault protector, accessory, and component. 
a. Include dimensions and manufacturers' technical data on features, 


performance, electrical characteristics, ratings, accessories, and 
finishes. 


2. Shop Drawings: For each switchboard and related equipment. 
a. Include dimensioned plans, elevations, sections, and details, 


including required clearances and service space around equipment. 
Show tabulations of installed devices, equipment features, and 
ratings. 


b. Detail enclosure types for types other than NEMA 250, Type 1. 
c. Detail bus configuration, current, and voltage ratings. 
d. Detail short-circuit current rating of switchboards and overcurrent 


protective devices. 
e. Include evidence of NRTL listing for series rating of installed 


devices. 
f. Detail features, characteristics, ratings, and factory settings of 


individual overcurrent protective devices and auxiliary components. 
g. Include time-current coordination curves for each type and rating of 


overcurrent protective device included in switchboards.  
h. Include schematic and wiring diagrams for power, signal, and 


control wiring. 


B.C. Informational Submittals 
1. Qualification Data: For testing agency. 
2. Seismic Qualification Certificates: For switchboards, overcurrent protective 


devices, accessories, and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


3. Field Quality-Control Reports: 
a. Test procedures used. 
b. Test results that comply with requirements. 
c. Results of failed tests and corrective action taken to achieve test 


results that comply with requirements. 


C.D. Closeout Submittals 
1. Operation and Maintenance Data: For switchboards and components to 


include in emergency, operation, and maintenance manuals. 
a. In addition to items specified in Section 017823 "Operation and 


Maintenance Data," include the following: 
1) Routine maintenance requirements for switchboards and all 


installed components. 
2) Manufacturer's written instructions for testing and adjusting 


overcurrent protective devices. 
3) Time-current coordination curves for each type and rating of 


overcurrent protective device included in switchboards. 
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Submit on translucent log-log graft paper; include selectable 
ranges for each type of overcurrent protective device. 


 


D.E. Maintenance Material Submittals 
1. Furnish extra materials that match products installed and that are packaged 


with protective covering for storage and identified with labels describing 
contents. 
a. Potential Transformer Fuses: Equal to 10 percent of quantity 


installed for each size and type but no fewer than two of each size 
and type. 


b. Control-Power Fuses: Equal to 10 percent of quantity installed for 
each size and type, but no fewer than two of each size and type. 


c. Indicating Lights: Equal to 10 percent of quantity installed for each 
size and type but no less than one of each size and type. 


1.5 FIELD CONDITIONS 


A. Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and 
structures to provide pathway for moving switchboards into place. 


B. Environmental Limitations: 
1. Do not deliver or install switchboards until spaces are enclosed and 


weathertight, wet work in spaces is complete and dry, work above 
switchboards is complete, and HVAC system is operating and maintaining 
ambient temperature and humidity conditions at occupancy levels during the 
remainder of the construction period. 


2. Rate equipment for continuous operation under the following conditions 
unless otherwise indicated: 
a. Ambient Temperature: Not exceeding 104 deg F. 
b. Altitude: Not exceeding 6600 feet. 


1.6 COORDINATION 


A. Coordinate layout and installation of switchboards and components with other 
construction that penetrates walls or is supported by them, including electrical and 
other types of equipment, raceways, piping, encumbrances to workspace clearance 
requirements, and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 


B. Coordinate sizes and locations of concrete bases with actual equipment provided. 
Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork 
requirements are specified with concrete. 


1.7 WARRANTY 


A. Manufacturer's Warranty: Manufacturer agrees to repair or replace switchboard 
enclosures, buswork, overcurrent protective devices, accessories, and factory 
installed interconnection wiring that fail in materials or workmanship within specified 
warranty period. 
1. Warranty Period:  One years from date of Substantial Completion. 
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B. Manufacturer's Warranty: Manufacturer's agrees to repair or replace surge 
protection devices that fail in materials or workmanship within specified warranty 
period. 
1. Warranty Period:  Five years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Switchboards shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 
1. Basis for Certification: Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. Shake-table testing 
shall comply with ICC-ES AC156. 


2. The term "withstand" means "the unit will remain in place without separation 
of any parts from the device when subjected to the seismic forces specified." 


2.2 SWITCHBOARDS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D. 
1. Source Limitations: Obtain switchboards, overcurrent protective devices, 


components, and accessories from single source from single manufacturer. 


B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
switchboards including clearances between switchboards and adjacent surfaces and 
other items. Comply with indicated maximum dimensions. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. Comply with NEMA PB 2. 


E. Comply with CEC. 


F. Comply with UL 891. 


G. Switchboards shall be factory assembled, dead-front, metal enclosed, self-
supporting floor standing sections as noted in the construction documents. 


H. Front-Connected, Front-Accessible Switchboards with sections front and rear 
aligned. 


I. Seismic Requirements: Fabricate and test switchboards according to IEEE 344 to 
withstand seismic forces defined in Section 260548.16 "Seismic Controls for 
Electrical Systems." 
1. Basis for Certification: Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. Shake-table testing 
shall comply with ICC-ES AC156. 
a. The term "withstand" means "the unit will remain in place without 


separation of any parts from the device when subjected to the 
seismic forces specified." 
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J. Service Entrance Rating: Switchboards intended for use as service entrance 
equipment shall contain from one to six service disconnecting means with 
overcurrent protection, a neutral bus with disconnecting link, a grounding electrode 
conductor terminal, and a main bonding jumper. 


K. Customer Metering Compartment: A separate customer metering compartment and 
section with front hinged door, for indicated metering, and current transformers for 
each meter. Current transformer secondary wiring shall be terminated on shorting-
type terminal blocks. Include potential transformers having primary and secondary 
fuses with disconnecting means and secondary wiring terminated on terminal 
blocks. 


L. Bus Transition and Incoming Pull Sections: Matched and aligned with basic 
switchboard. 


M. Vertical sections shall contain overcurrent protective devices including circuit 
breakers and fuses and shall be nominally 90" in height. 


N. Switchboard finish shall be baked enamel factory paint of manufacturer’s standard 
color.   


O. Provide front accessibility for wireways on each side of overcurrent protective 
devices for entire height of section.  Provide welded steel framework with screw 
covers removable from the front; covers may be hinged. 


P. All bussing shall be silver-coated copper (maximum 1000A/square inch current 
density) with ratings as indicated in the construction documents. 


Q. Buses and Connections: Three phase, four wire unless otherwise indicated. 
1. Provide phase bus arrangement A, B, C from front to back, top to bottom, 


and left to right when viewed from the front of the switchboard. 
2. Copper feeder circuit-breaker line connections. 
3. Ground Bus:  1/4-by-2-inch- hard-drawn copper of 98 percent conductivity, 


equipped with mechanical connectors for feeder and branch-circuit ground 
conductors. 


4. Main-Phase Buses and Equipment-Ground Buses: Uniform capacity for 
entire length of switchboard's main and distribution sections. Provide for 
future extensions from both ends. 


5. Disconnect Links: 
a. Isolate neutral bus from incoming neutral conductors. 
b. Bond neutral bus to equipment-ground bus for switchboards utilized 


as service equipment or separately derived systems. 
6. Neutral Buses: 100 percent of the ampacity of phase buses unless 


otherwise indicated, equipped with mechanical connectors for outgoing 
circuit neutral cables. Brace bus extensions for busway feeder neutral bus. 


R. Future Devices: Equip compartments with mounting brackets, supports, bus 
connections, and appurtenances at full rating of circuit-breaker compartment. 


S. Switchboard, bussing, and devices shall be fully-rated for the available short circuit 
current as determined by the Contractor’s short circuit study (see 2.16 below), 
inclusive of all motor contribution and utility contribution.  The minimum AIC ratings 
of the equipment may exceed those indicated on the construction documents, due to 
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the results of the Contractor’s short circuit study.  The Contractor shall include all 
study costs and resultant equipment costs during bidding.  The Contractor may 
provide series-rated equipment, fully compliant with all CEC requirements and the 
short circuit study, but shall not provide series-rated equipment without explicit 
written permission from the Engineer.  


T. Switchboards shall be equipped with lifting eyes. 


U. Switchboards shall be suitable for the environment in which they are located and 
shall be NEMA 1, indoor, and rated for Seismic Design Category D, unless noted 
otherwise on the construction documents. 


V. Main circuit breakers shall be provided and shall be insulated case solid-state 
(LSIG) trip type with ratings as noted.   Main breakers shall be 100% rated devices. 


W. Main circuit breaker shall be individually mounted, unless noted otherwise. 


X. Main circuit breaker shall have maximum closing time of five (5) cycles, three (3) 
cycles upon opening. 


Y. Main circuit breaker shall have field-replaceable trip plugs. 


Z. Cross bussing shall be fully rated (maximum 1000A/square inch current density) for 
the length of the switchboard. 


AA. Instrumentation shall be provided where noted.  Owner metering shall be provided in 
accordance with the Owner’s requirements. 


BB. Instrument Transformers: NEMA EI 21.1, and the following: 
1. Current Transformers: NEMA EI 21.1; 5 A, 60 Hz, secondary; wound type; 


single secondary winding and secondary shorting device. Burden and 
accuracy shall be consistent with connected metering and relay devices. 


2. Control-Power Transformers: Dry type, mounted in separate compartments 
for units larger than 3 kVA. 


3. Current Transformers for Neutral and Ground-Fault Current Sensing: 
Connect secondary wiring to ground overcurrent relays, via shorting 
terminals, to provide selective tripping of main and tie circuit breaker. 
Coordinate with feeder circuit-breaker, ground-fault protection. 


CC. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- 
or four-wire systems and with the following features: 
1. Switch-selectable digital display of the following values with maximum 


accuracy tolerances as indicated: 
a. Phase Currents, Each Phase: Plus or minus 0.5 percent. 
b. Phase-to-Phase Voltages, Three Phase: Plus or minus 0.5 percent. 
c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 0.5 percent. 
d. Megawatts: Plus or minus 1 percent. 
e. Megavars: Plus or minus 1 percent. 
f. Power Factor: Plus or minus 1 percent. 
g. Frequency: Plus or minus 0.1 percent. 
h. Accumulated Energy, Megawatt Hours: Plus or minus 1 percent; 


accumulated values unaffected by power outages up to 72 hours. 
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i. Megawatt Demand: Plus or minus 1 percent; demand interval 
programmable from five to 60 minutes. 


j. Contact devices to operate remote impulse-totalizing demand 
meter. 


2. Mounting: Display and control unit flush or semiflush mounted in instrument 
compartment door. 


DD. Service Equipment Label: NRTL labeled for use as service equipment for 
switchboards with one or more service disconnecting and overcurrent protective 
devices. 


EE. Provide permanently adhered “bakelite” labels indicating the identification of each 
device on the switchboard adjacent to the device and visible on the enclosure 
exterior. 


FF. Provide a ground bus in each switchboard section with connecting ground bonds 
between sections. Ground bus shall be rated at 30% of the incoming capacity. 


GG. Rodent-proof ventilation as required to maintain allowable temperature rise at rated 
capacity.   


2.3 SURGE PROTECTION DEVICES 


A. SPDs: Comply with UL 1449, Type 1. 


B. SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction 
as complying with UL 1449, Type 1. 
1. SPDs with the following features and accessories: 


a. Integral disconnect switch. 
b. Internal thermal protection that disconnects the SPD before 


damaging internal suppressor components. 
c. Indicator light display for protection status. 
d. Form-C contacts rated at 5 A and 250-V ac, one normally open and 


one normally closed, for remote monitoring of protection 
status. Contacts shall reverse on failure of any surge diversion 
module or on opening of any current-limiting device. Coordinate with 
building power monitoring and control system. 


e. Surge counter. 


C. Peak Surge Current Rating: The minimum single-pulse surge current withstand 
rating per phase shall not be less than 200 kA. The peak surge current rating shall 
be the arithmetic sum of the ratings of the individual MOVs in a given mode. 


D. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V, 
three-phase, four-wire circuits shall not exceed the following: 
1. Line to Neutral:  1200 V for 480Y/277 V. 
2. Line to Ground:  1200 V for 480Y/277 V. 
3. Line to Line:  2000 V for 480Y/277 V. 


E. SCCR: Equal or exceed 200 kA. 


F. Nominal Rating: 20 kA. 
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2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 


A. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, bolt-on type, with 
interrupting capacity to meet available fault currents. 
1. Frame size 400A and less: Thermal-Magnetic Circuit Breakers:  


a. Inverse time-current element for low-level overloads. 
b. Instantaneous magnetic trip element for short circuits.  
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A 


and larger. 
2. Frame size larger than 600A and more: Electronic Trip Circuit Breakers: 


a. RMS sensing. 
b. Field-replaceable rating plug or field-replicable electronic trip. 
c. Field-adjustable settings: 


1) Instantaneous trip. 
2) Long- and short-time pickup levels. 
3) Long and short time adjustments. 
4) Ground-fault pickup level, time delay, and I2t response 


where shown on drawings. 
3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A 


ground-fault protection (6-mA trip). 
4. MCCB Features and Accessories: 


a. Standard frame sizes, trip ratings, and number of poles. 
b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and 


conductor material. 
c. Application Listing: Appropriate for application; Type SWD for 


switching fluorescent lighting loads; Type HID for feeding 
fluorescent and high-intensity discharge (HID) lighting circuits. 


d. Ground-Fault Protection:  Integrally mounted relay and trip unit with 
adjustable pickup and time-delay settings, push-to-test feature, and 
ground-fault indicator. 


2.5 CONTROL POWER 


A. Control Circuits: 120-V ac, supplied through secondary disconnecting devices from 
control-power transformer. 


B. Control-Power Fuses: Primary and secondary fuses for current-limiting and overload 
protection of transformer and fuses for protection of control circuits. 


C. Control Wiring: Factory installed, with bundling, lacing, and protection included. 
Provide flexible conductors for No. 8 AWG and smaller, for conductors across 
hinges, and for conductors for interconnections between shipping units. 


2.6 ACCESSORY COMPONENTS AND FEATURES 


A. Portable Test Set: For testing functions of solid-state trip devices without removing 
from switchboard. Include relay and meter test plugs suitable for testing switchboard 
meters and switchboard class relays. 


B. Portable Circuit Breaker Trolley Lift. 
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C. Mounting Accessories: For anchors, mounting channels, bolts, washers, and other 
mounting accessories, comply with requirements in Section 260548.16 "Seismic 
Controls for Electrical Systems" or manufacturer's instructions. 


PART 3 - EXECUTION 


3.1  EXAMINATION 


A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1. 
1. Lift or move panelboards with spreader bars and manufacturer-supplied 


lifting straps following manufacturer's instructions. 
2. Use rollers, slings, or other manufacturer-approved methods if lifting straps 


are not furnished. 
3. Protect from moisture, dust, dirt, and debris during storage and installation. 
4. Install temporary heating during storage per manufacturer's instructions. 


B. Examine switchboards before installation. Reject switchboards that are moisture 
damaged or physically damaged. 


C. Examine elements and surfaces to receive switchboards for compliance with 
installation tolerances and other conditions affecting performance of the Work or that 
affect the performance of the equipment. 


D. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Installation method of switchboards shall comply with the 2013 edition of the 
California Electrical Code and the authority having jurisdiction. 


B. Install all switchboards in accordance with the manufacturer’s recommendations and 
requirements. 


C. Install switchboards and accessories according to NEMA PB 2.1. 


D. Coordinate switchboard location and size with architectural and interior drawings.  
Coordinate with other trades to identify conflicts with switchboard locations and 
notify the Engineer of any conflicts.   


E. Equipment Mounting: Install switchboards on concrete base, 4-inch nominal 
thickness. Comply with requirements for concrete base specified in Section 033000 
"Cast-in-Place Concrete." 
1. Install conduits entering underneath the switchboard, entering under the 


vertical section where the conductors will terminate. Install dowel rods to 
connect concrete base to concrete floor. Unless otherwise indicated, install 
dowel rods on 18-inch centers around the full perimeter of concrete base. 


2. Place and secure anchorage devices. Use setting drawings, templates, 
diagrams, instructions, and directions furnished with items to be embedded. 


3. Anchor switchboard to building structure at the top of the switchboard if 
required or recommended by the manufacturer. 


F. Coordinate switchboard size with concrete housekeeping pads to be constructed by 
others. 
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G. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, straps and 
brackets, and temporary blocking of moving parts from switchboard units and 
components. 


H. Comply with mounting and anchoring requirements specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 


I. Operating Instructions: Frame and mount the printed basic operating instructions for 
switchboards, including control and key interlocking sequences and emergency 
procedures. Fabricate frame of finished wood or metal and cover instructions with 
clear acrylic plastic. Mount on front of switchboards. 


J. Install filler plates in unused spaces of panel-mounted sections. 


K. Check all connections, phase rotation, ground resistance and insulation resistance 
levels. 


L. Ground fault protective devices shall be tested by an approved third party testing 
agency and a written report submitted with the operation manual for review. 


M. Test all switchboards and overcurrent protection devices for voltage level, continuity, 
ground fault, and short circuits. 


N. Install all switchboards plumb and square to structure and adjacent surfaces. 


O. Connect and inspect all ground bonds prior to energizing switchboard. 


P. Demonstrate the proper operation of all ground fault protective devices. 


Q. Clean all switchboard interiors and exteriors to be free of dirt, dust and debris prior 
to handing over to Owner.  Touch up scratched paint and finishes as necessary. 


R. Install overcurrent protective devices, surge protection devices, and instrumentation. 


S. Adjust and set all devices for proper operation.  Set all protective devices as per the 
written report recommendations. 


T. Comply with NECA 1. 


U. Comply with requirements for terminating feeder bus specified in Section 262500 
"Enclosed Bus Assemblies." Drawings indicate general arrangement of bus, fittings, 
and specialties. 


V. Bond conduits entering underneath the switchboard to the equipment ground bus 
with a bonding conductor sized per CEC. 


W. Support and secure conductors within the switchboard according to CEC. 


X. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs complying with requirements for identification specified in 
Section 260553 "Identification for Electrical Systems." 
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Y. Switchboard Nameplates: Label each switchboard compartment with a nameplate 
complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems." 


Z. Device Nameplates: Label each disconnecting and overcurrent protective device 
and each meter and control device mounted in compartment doors with a nameplate 
complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems." 


3.3 FIELD QUALITY CONTROL 


A. Testing Agency:  Engage a qualified testing agency to perform tests and 
inspections. 


B. Perform the following tests and inspections: 
1. Acceptance Testing: 


a. Test insulation resistance for each switchboard bus, component, 
connecting supply, feeder, and control circuit. Open control and 
metering circuits within the switchboard, and remove neutral 
connection to surge protection and other electronic devices prior to 
insulation test. Reconnect after test. 


b. Test continuity of each circuit. 
2. Test ground-fault protection of equipment for service equipment per CEC. 
3. Perform each visual and mechanical inspection and electrical test stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 


4. Correct malfunctioning units on-site where possible, and retest to 
demonstrate compliance; otherwise, replace with new units and retest. 


5. Perform the following infrared scan tests and inspections, and prepare 
reports: 
a. Initial Infrared Scanning: After Substantial Completion, but not more 


than 60 days after Final Acceptance, perform an infrared scan of 
each switchboard. Remove front panels so joints and connections 
are accessible to portable scanner. 


b. Instruments and Equipment: 
1) Use an infrared scanning device designed to measure 


temperature or to detect significant deviations from normal 
values. Provide calibration record for device. 


6. Test and adjust controls, remote monitoring, and safeties. Replace 
damaged and malfunctioning controls and equipment. 


C. Switchboard will be considered defective if it does not pass tests and inspections. 


D. Prepare test and inspection reports, including a certified report that identifies 
switchboards included and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after remedial action. 


3.4 ADJUSTING 


A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 
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B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 
"Overcurrent Protective Device Coordination Study." 


3.5 DEMONSTRATION 


A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain switchboards, overcurrent protective 
devices, instrumentation, and accessories, and to use and reprogram 
microprocessor-based trip, monitoring, and communication units. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Service and distribution switchboards rated 600 V and less.

		2. Surge protection devices.

		3. Disconnecting and overcurrent protective devices.

		4. Instrumentation.

		5. Control power.

		6. Accessory components and features.

		7. Identification.





		1.3 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.

		D. Testing Agency Qualifications: Member company of NETA or an NRTL.

		1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.





		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for .

		B. Action Submittals

		1. Product Data: For each switchboard, overcurrent protective device, surge protection device, ground-fault protector, accessory, and component.

		a. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.



		2. Shop Drawings: For each switchboard and related equipment.

		a. Include dimensioned plans, elevations, sections, and details, including required clearances and service space around equipment. Show tabulations of installed devices, equipment features, and ratings.

		b. Detail enclosure types for types other than NEMA 250, Type 1.

		c. Detail bus configuration, current, and voltage ratings.

		d. Detail short-circuit current rating of switchboards and overcurrent protective devices.

		e. Include evidence of NRTL listing for series rating of installed devices.

		f. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.

		g. Include time-current coordination curves for each type and rating of overcurrent protective device included in switchboards. 

		h. Include schematic and wiring diagrams for power, signal, and control wiring.





		C. Informational Submittals

		1. Qualification Data: For testing agency.

		2. Seismic Qualification Certificates: For switchboards, overcurrent protective devices, accessories, and components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		3. Field Quality-Control Reports:

		a. Test procedures used.

		b. Test results that comply with requirements.

		c. Results of failed tests and corrective action taken to achieve test results that comply with requirements.





		D. Closeout Submittals

		1. Operation and Maintenance Data: For switchboards and components to include in emergency, operation, and maintenance manuals.

		a. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		1) Routine maintenance requirements for switchboards and all installed components.

		2) Manufacturer's written instructions for testing and adjusting overcurrent protective devices.

		3) Time-current coordination curves for each type and rating of overcurrent protective device included in switchboards. Submit on translucent log-log graft paper; include selectable ranges for each type of overcurrent protective device.







		E. Maintenance Material Submittals

		1. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		a. Potential Transformer Fuses: Equal to 10 percent of quantity installed for each size and type but no fewer than two of each size and type.

		b. Control-Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than two of each size and type.

		c. Indicating Lights: Equal to 10 percent of quantity installed for each size and type but no less than one of each size and type.







		1.5 FIELD CONDITIONS

		A. Installation Pathway: Remove and replace access fencing, doors, lift-out panels, and structures to provide pathway for moving switchboards into place.

		B. Environmental Limitations:

		1. Do not deliver or install switchboards until spaces are enclosed and weathertight, wet work in spaces is complete and dry, work above switchboards is complete, and HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.

		2. Rate equipment for continuous operation under the following conditions unless otherwise indicated:

		a. Ambient Temperature: Not exceeding 104 deg F.

		b. Altitude: Not exceeding 6600 feet.







		1.6 COORDINATION

		A. Coordinate layout and installation of switchboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.

		B. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with concrete.



		1.7 WARRANTY

		A. Manufacturer's Warranty: Manufacturer agrees to repair or replace switchboard enclosures, buswork, overcurrent protective devices, accessories, and factory installed interconnection wiring that fail in materials or workmanship within specified warranty period.

		1. Warranty Period:  One years from date of Substantial Completion.



		B. Manufacturer's Warranty: Manufacturer's agrees to repair or replace surge protection devices that fail in materials or workmanship within specified warranty period.

		1. Warranty Period:  Five years from date of Substantial Completion.







		PART 2 - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Switchboards shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation. Shake-table testing shall comply with ICC-ES AC156.

		2. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."





		2.2 SWITCHBOARDS

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.

		1. Source Limitations: Obtain switchboards, overcurrent protective devices, components, and accessories from single source from single manufacturer.



		B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for switchboards including clearances between switchboards and adjacent surfaces and other items. Comply with indicated maximum dimensions.

		C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		D. Comply with NEMA PB 2.

		E. Comply with CEC.

		F. Comply with UL 891.

		G. Switchboards shall be factory assembled, dead-front, metal enclosed, self-supporting floor standing sections as noted in the construction documents.

		H. Front-Connected, Front-Accessible Switchboards with sections front and rear aligned.

		I. Seismic Requirements: Fabricate and test switchboards according to IEEE 344 to withstand seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems."

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation. Shake-table testing shall comply with ICC-ES AC156.

		a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."





		J. Service Entrance Rating: Switchboards intended for use as service entrance equipment shall contain from one to six service disconnecting means with overcurrent protection, a neutral bus with disconnecting link, a grounding electrode conductor terminal, and a main bonding jumper.

		K. Customer Metering Compartment: A separate customer metering compartment and section with front hinged door, for indicated metering, and current transformers for each meter. Current transformer secondary wiring shall be terminated on shorting-type terminal blocks. Include potential transformers having primary and secondary fuses with disconnecting means and secondary wiring terminated on terminal blocks.

		L. Bus Transition and Incoming Pull Sections: Matched and aligned with basic switchboard.

		M. Vertical sections shall contain overcurrent protective devices including circuit breakers and fuses and shall be nominally 90" in height.

		N. Switchboard finish shall be baked enamel factory paint of manufacturer’s standard color.  

		O. Provide front accessibility for wireways on each side of overcurrent protective devices for entire height of section.  Provide welded steel framework with screw covers removable from the front; covers may be hinged.

		P. All bussing shall be silver-coated copper (maximum 1000A/square inch current density) with ratings as indicated in the construction documents.

		Q. Buses and Connections: Three phase, four wire unless otherwise indicated.

		1. Provide phase bus arrangement A, B, C from front to back, top to bottom, and left to right when viewed from the front of the switchboard.

		2. Copper feeder circuit-breaker line connections.

		3. Ground Bus:  1/4-by-2-inch- hard-drawn copper of 98 percent conductivity, equipped with mechanical connectors for feeder and branch-circuit ground conductors.

		4. Main-Phase Buses and Equipment-Ground Buses: Uniform capacity for entire length of switchboard's main and distribution sections. Provide for future extensions from both ends.

		5. Disconnect Links:

		a. Isolate neutral bus from incoming neutral conductors.

		b. Bond neutral bus to equipment-ground bus for switchboards utilized as service equipment or separately derived systems.



		6. Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise indicated, equipped with mechanical connectors for outgoing circuit neutral cables. Brace bus extensions for busway feeder neutral bus.



		R. Future Devices: Equip compartments with mounting brackets, supports, bus connections, and appurtenances at full rating of circuit-breaker compartment.

		S. Switchboard, bussing, and devices shall be fully-rated for the available short circuit current as determined by the Contractor’s short circuit study (see 2.16 below), inclusive of all motor contribution and utility contribution.  The minimum AIC ratings of the equipment may exceed those indicated on the construction documents, due to the results of the Contractor’s short circuit study.  The Contractor shall include all study costs and resultant equipment costs during bidding.  The Contractor may provide series-rated equipment, fully compliant with all CEC requirements and the short circuit study, but shall not provide series-rated equipment without explicit written permission from the Engineer. 

		T. Switchboards shall be equipped with lifting eyes.

		U. Switchboards shall be suitable for the environment in which they are located and shall be NEMA 1, indoor, and rated for Seismic Design Category D, unless noted otherwise on the construction documents.

		V. Main circuit breakers shall be provided and shall be insulated case solid-state (LSIG) trip type with ratings as noted.   Main breakers shall be 100% rated devices.

		W. Main circuit breaker shall be individually mounted, unless noted otherwise.

		X. Main circuit breaker shall have maximum closing time of five (5) cycles, three (3) cycles upon opening.

		Y. Main circuit breaker shall have field-replaceable trip plugs.

		Z. Cross bussing shall be fully rated (maximum 1000A/square inch current density) for the length of the switchboard.

		AA. Instrumentation shall be provided where noted.  Owner metering shall be provided in accordance with the Owner’s requirements.

		BB. Instrument Transformers: NEMA EI 21.1, and the following:

		1. Current Transformers: NEMA EI 21.1; 5 A, 60 Hz, secondary; wound type; single secondary winding and secondary shorting device. Burden and accuracy shall be consistent with connected metering and relay devices.

		2. Control-Power Transformers: Dry type, mounted in separate compartments for units larger than 3 kVA.

		3. Current Transformers for Neutral and Ground-Fault Current Sensing: Connect secondary wiring to ground overcurrent relays, via shorting terminals, to provide selective tripping of main and tie circuit breaker. Coordinate with feeder circuit-breaker, ground-fault protection.



		CC. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three- or four-wire systems and with the following features:

		1. Switch-selectable digital display of the following values with maximum accuracy tolerances as indicated:

		a. Phase Currents, Each Phase: Plus or minus 0.5 percent.

		b. Phase-to-Phase Voltages, Three Phase: Plus or minus 0.5 percent.

		c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 0.5 percent.

		d. Megawatts: Plus or minus 1 percent.

		e. Megavars: Plus or minus 1 percent.

		f. Power Factor: Plus or minus 1 percent.

		g. Frequency: Plus or minus 0.1 percent.

		h. Accumulated Energy, Megawatt Hours: Plus or minus 1 percent; accumulated values unaffected by power outages up to 72 hours.

		i. Megawatt Demand: Plus or minus 1 percent; demand interval programmable from five to 60 minutes.

		j. Contact devices to operate remote impulse-totalizing demand meter.



		2. Mounting: Display and control unit flush or semiflush mounted in instrument compartment door.



		DD. Service Equipment Label: NRTL labeled for use as service equipment for switchboards with one or more service disconnecting and overcurrent protective devices.

		EE. Provide permanently adhered “bakelite” labels indicating the identification of each device on the switchboard adjacent to the device and visible on the enclosure exterior.

		FF. Provide a ground bus in each switchboard section with connecting ground bonds between sections. Ground bus shall be rated at 30% of the incoming capacity.

		GG. Rodent-proof ventilation as required to maintain allowable temperature rise at rated capacity.  



		2.3 SURGE PROTECTION DEVICES

		A. SPDs: Comply with UL 1449, Type 1.

		B. SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1449, Type 1.

		1. SPDs with the following features and accessories:

		a. Integral disconnect switch.

		b. Internal thermal protection that disconnects the SPD before damaging internal suppressor components.

		c. Indicator light display for protection status.

		d. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for remote monitoring of protection status. Contacts shall reverse on failure of any surge diversion module or on opening of any current-limiting device. Coordinate with building power monitoring and control system.

		e. Surge counter.





		C. Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per phase shall not be less than 200 kA. The peak surge current rating shall be the arithmetic sum of the ratings of the individual MOVs in a given mode.

		D. Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V, three-phase, four-wire circuits shall not exceed the following:

		1. Line to Neutral:  1200 V for 480Y/277 V.

		2. Line to Ground:  1200 V for 480Y/277 V.

		3. Line to Line:  2000 V for 480Y/277 V.



		E. SCCR: Equal or exceed 200 kA.

		F. Nominal Rating: 20 kA.



		2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

		A. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, bolt-on type, with interrupting capacity to meet available fault currents.

		1. Frame size 400A and less: Thermal-Magnetic Circuit Breakers: 

		a. Inverse time-current element for low-level overloads.

		b. Instantaneous magnetic trip element for short circuits. 

		c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.



		2. Frame size larger than 600A and more: Electronic Trip Circuit Breakers:

		a. RMS sensing.

		b. Field-replaceable rating plug or field-replicable electronic trip.

		c. Field-adjustable settings:

		1) Instantaneous trip.

		2) Long- and short-time pickup levels.

		3) Long and short time adjustments.

		4) Ground-fault pickup level, time delay, and I2t response where shown on drawings.





		3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault protection (6-mA trip).

		4. MCCB Features and Accessories:

		a. Standard frame sizes, trip ratings, and number of poles.

		b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor material.

		c. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.

		d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.







		2.5 CONTROL POWER

		A. Control Circuits: 120-V ac, supplied through secondary disconnecting devices from control-power transformer.

		B. Control-Power Fuses: Primary and secondary fuses for current-limiting and overload protection of transformer and fuses for protection of control circuits.

		C. Control Wiring: Factory installed, with bundling, lacing, and protection included. Provide flexible conductors for No. 8 AWG and smaller, for conductors across hinges, and for conductors for interconnections between shipping units.



		2.6 ACCESSORY COMPONENTS AND FEATURES

		A. Portable Test Set: For testing functions of solid-state trip devices without removing from switchboard. Include relay and meter test plugs suitable for testing switchboard meters and switchboard class relays.

		B. Portable Circuit Breaker Trolley Lift.

		C. Mounting Accessories: For anchors, mounting channels, bolts, washers, and other mounting accessories, comply with requirements in Section 260548.16 "Seismic Controls for Electrical Systems" or manufacturer's instructions.





		PART 3 - EXECUTION

		3.1  EXAMINATION

		A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1.

		1. Lift or move panelboards with spreader bars and manufacturer-supplied lifting straps following manufacturer's instructions.

		2. Use rollers, slings, or other manufacturer-approved methods if lifting straps are not furnished.

		3. Protect from moisture, dust, dirt, and debris during storage and installation.

		4. Install temporary heating during storage per manufacturer's instructions.



		B. Examine switchboards before installation. Reject switchboards that are moisture damaged or physically damaged.

		C. Examine elements and surfaces to receive switchboards for compliance with installation tolerances and other conditions affecting performance of the Work or that affect the performance of the equipment.

		D. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Installation method of switchboards shall comply with the 2013 edition of the California Electrical Code and the authority having jurisdiction.

		B. Install all switchboards in accordance with the manufacturer’s recommendations and requirements.

		C. Install switchboards and accessories according to NEMA PB 2.1.

		D. Coordinate switchboard location and size with architectural and interior drawings.  Coordinate with other trades to identify conflicts with switchboard locations and notify the Engineer of any conflicts.  

		E. Equipment Mounting: Install switchboards on concrete base, 4-inch nominal thickness. Comply with requirements for concrete base specified in Section 033000 "Cast-in-Place Concrete."

		1. Install conduits entering underneath the switchboard, entering under the vertical section where the conductors will terminate. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of concrete base.

		2. Place and secure anchorage devices. Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

		3. Anchor switchboard to building structure at the top of the switchboard if required or recommended by the manufacturer.



		F. Coordinate switchboard size with concrete housekeeping pads to be constructed by others.

		G. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, straps and brackets, and temporary blocking of moving parts from switchboard units and components.

		H. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."

		I. Operating Instructions: Frame and mount the printed basic operating instructions for switchboards, including control and key interlocking sequences and emergency procedures. Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic. Mount on front of switchboards.

		J. Install filler plates in unused spaces of panel-mounted sections.

		K. Check all connections, phase rotation, ground resistance and insulation resistance levels.

		L. Ground fault protective devices shall be tested by an approved third party testing agency and a written report submitted with the operation manual for review.

		M. Test all switchboards and overcurrent protection devices for voltage level, continuity, ground fault, and short circuits.

		N. Install all switchboards plumb and square to structure and adjacent surfaces.

		O. Connect and inspect all ground bonds prior to energizing switchboard.

		P. Demonstrate the proper operation of all ground fault protective devices.

		Q. Clean all switchboard interiors and exteriors to be free of dirt, dust and debris prior to handing over to Owner.  Touch up scratched paint and finishes as necessary.

		R. Install overcurrent protective devices, surge protection devices, and instrumentation.

		S. Adjust and set all devices for proper operation.  Set all protective devices as per the written report recommendations.

		T. Comply with NECA 1.

		U. Comply with requirements for terminating feeder bus specified in Section 262500 "Enclosed Bus Assemblies." Drawings indicate general arrangement of bus, fittings, and specialties.

		V. Bond conduits entering underneath the switchboard to the equipment ground bus with a bonding conductor sized per CEC.

		W. Support and secure conductors within the switchboard according to CEC.

		X. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		Y. Switchboard Nameplates: Label each switchboard compartment with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		Z. Device Nameplates: Label each disconnecting and overcurrent protective device and each meter and control device mounted in compartment doors with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."



		3.3 FIELD QUALITY CONTROL

		A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.

		B. Perform the following tests and inspections:

		1. Acceptance Testing:

		a. Test insulation resistance for each switchboard bus, component, connecting supply, feeder, and control circuit. Open control and metering circuits within the switchboard, and remove neutral connection to surge protection and other electronic devices prior to insulation test. Reconnect after test.

		b. Test continuity of each circuit.



		2. Test ground-fault protection of equipment for service equipment per CEC.

		3. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		4. Correct malfunctioning units on-site where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

		5. Perform the following infrared scan tests and inspections, and prepare reports:

		a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each switchboard. Remove front panels so joints and connections are accessible to portable scanner.

		b. Instruments and Equipment:

		1) Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.





		6. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.



		C. Switchboard will be considered defective if it does not pass tests and inspections.

		D. Prepare test and inspection reports, including a certified report that identifies switchboards included and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.



		3.4 ADJUSTING

		A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.

		B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent Protective Device Coordination Study."



		3.5 DEMONSTRATION

		A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain switchboards, overcurrent protective devices, instrumentation, and accessories, and to use and reprogram microprocessor-based trip, monitoring, and communication units.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Distribution panelboards. 
2. Lighting and appliance branch-circuit panelboards. 


1.3 DEFINITIONS 


A. ATS: Acceptance testing specification. 


B. GFCI: Ground-fault circuit interrupter. 


C. HID: High-intensity discharge. 


D. MCCB: Molded-case circuit breaker. 


E. SPD: Surge protective device. 


F. VPR: Voltage protection rating. 


1.4 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Manufacturer Qualifications: ISO 9001 or 9002 certified. 
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1.5 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Action Submittals 
1. Product Data: For each type of panelboard. 


a. Include materials, switching and overcurrent protective devices, 
SPDs, accessories, and components indicated. 


b. Include dimensions and manufacturers' technical data on features, 
performance, electrical characteristics, ratings, and finishes. 


2. Shop Drawings: For each panelboard and related equipment. 
a. Include dimensioned plans, elevations, sections, and details. 
b. Show tabulations of installed devices with nameplates, conductor 


termination sizes, equipment features, and ratings. 
c. Detail enclosure types including mounting and anchorage, 


environmental protection, knockouts, corner treatments, covers and 
doors, gaskets, hinges, and locks. 


d. Detail bus configuration, current, and voltage ratings. 
e. Short-circuit current rating of panelboards and overcurrent 


protective devices. 
f. Include evidence of NRTL listing for SPD as installed in panelboard. 
g. Detail features, characteristics, ratings, and factory settings of 


individual overcurrent protective devices and auxiliary components. 
h. Include wiring diagrams for power, signal, and control wiring. 
i. Key interlock scheme drawing and sequence of operations. 
j. Include time-current coordination curves for each type and rating of 


overcurrent protective device included in panelboards. Include an 
Internet link for electronic access to downloadable PDF of the 
coordination curves. 


C. Informational Submittals 
1. Qualification Data: For testing agency. 
2. Panelboard Schedules: For installation in panelboards. 


D. Closeout Submittals 
1. Operation and Maintenance Data: For panelboards and components to 


include in emergency, operation, and maintenance manuals. In addition to 
items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 
a. Manufacturer's written instructions for testing and adjusting 


overcurrent protective devices. 
b. Time-current curves, including selectable ranges for each type of 


overcurrent protective device that allows adjustments. 


E. Maintenance Material Submittals 
1. Furnish extra materials that match products installed and that are packaged 


with protective covering for storage and identified with labels describing 
contents. 
a. Keys:  Two spares for each type of panelboard cabinet lock. 
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1.6 FIELD CONDITIONS 


A. Environmental Limitations: 
1. Rate equipment for continuous operation under the following conditions 


unless otherwise indicated: 
a. Ambient Temperature: Not exceeding 23 deg F to plus 104 deg F. 
b. Altitude: Not exceeding 6600 feet. 


1.7 WARRANTY 


A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that 
fail in materials or workmanship within specified warranty period. 
1. Panelboard Warranty Period:  12 months from date of Substantial 


Completion. 


B. Special Warranty: Manufacturer's standard form in which manufacturer agrees to 
repair or replace SPD that fails in materials or workmanship within specified 
warranty period. 
1. SPD Warranty Period:  Five years from date of Substantial Completion. 


PART 2 - PRODUCTS 
 


2.1 MANUFACTURERS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D. 


2.2 PANELBOARDS COMMON REQUIREMENTS 


A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces 
defined in Section 260548.16 "Seismic Controls for Electrical Systems." 


B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
panelboards including clearances between panelboards and adjacent surfaces and 
other items. Comply with indicated maximum dimensions. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. Comply with NEMA PB 1. 


E. Comply with CEC. 


F. Enclosures:  Flush and Surface-mounted, dead-front cabinets. 
1. Rated for environmental conditions at installed location. 


a. Indoor Dry and Clean Locations: NEMA 250, Type 1. 
b. Outdoor Locations: NEMA 250, Type 3R. 
c. Wash-Down Areas: NEMA 250, Type 4X, stainless steel. 
d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 
e. Indoor Locations Subject to Dust, Falling Dirt, and Dripping 


Noncorrosive Liquids: NEMA 250, Type 12. 
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2. Front accessibility for wireways on each side of overcurrent protective 
devices for entire height of panelboard. 


3. Hinged Front Cover: Entire front trim hinged to box and with standard door 
within hinged trim cover. Trims shall cover all live parts and shall have no 
exposed hardware. 


4. Finishes: 
a. Panels and Trim:  Steel, factory finished immediately after cleaning 


and pretreating with manufacturer's standard two-coat, baked-on 
finish consisting of prime coat and thermosetting topcoat. 


b. Back Boxes:  Galvanized steel. 


G. Incoming Mains: 
1. Location:  Convertible between top and bottom. 
2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible 


to main breaker. 


H. Phase, Neutral, and Ground Buses: 
1. Material:  Hard-drawn copper, 98 percent conductivity. 


a. Plating shall run entire length of bus. 
b. Bus shall be fully rated the entire length. 


2. Interiors shall be factory assembled into a unit. Replacing switching and 
protective devices shall not disturb adjacent units or require removing the 
main bus connectors. 


3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment 
grounding conductors; bonded to box. 


4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service 
entrance applications. Mount electrically isolated from enclosure. Do not 
mount neutral bus in gutter. 


5. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and 
listed and labeled by an NRTL acceptable to authority having jurisdiction, as 
suitable for nonlinear loads in electronic-grade panelboards and others 
designated on Drawings. Connectors shall be sized for double-sized or 
parallel conductors as indicated on Drawings. Do not mount neutral bus in 
gutter. 


6. Split Bus: Vertical buses divided into individual vertical sections. 


I. Conductor Connectors: Suitable for use with conductor material and sizes. 
1. Material:  Hard-drawn copper, 98 percent conductivity. 
2. Terminations shall allow use of 75 deg C rated conductors without derating. 
3. Size: Lugs suitable for indicated conductor sizes, with additional gutter 


space, if required, for larger conductors. 
4. Main Lugs: Anti-turn solderless pressure type for use with copper 


conductors. 
5. Neutral Lugs:  Mechanical type, with a lug on the neutral bar for each pole in 


the panelboard. 
6. Ground Lugs and Bus-Configured Terminators:  Mechanical type, with a lug 


on the bar for each pole in the panelboard. 
7. Feed-Through Lugs:  Mechanical type, suitable for use with conductor 


material. Locate at opposite end of bus from incoming lugs or main device. 
As shown on plans. 


8. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor 
material. Locate at same end of bus as incoming lugs or main device. As 
shown on plans. 
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9. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on 
extra-capacity neutral bus. As shown on plans. 


J. Future Devices: Panelboards shall have mounting brackets, bus connections, filler 
plates, and necessary appurtenances required for future installation of devices. 
1. Percentage of Future Space Capacity:  20 percent. 


K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-
circuit current available at terminals. Assembly listed by an NRTL for 100 percent 
interrupting capacity. 
1. Panelboards and overcurrent protective devices rated 240 V or less shall 


have short-circuit ratings as shown on Drawings, but not less than 10,000 A 
rms symmetrical. 


2. Panelboards and overcurrent protective devices rated above 240 V and less 
than 600 V shall have short-circuit ratings as shown on Drawings, but not 
less than 14,000 A rms symmetrical. 


3. The Contractor may provide series-rated equipment, fully compliant with all 
CEC requirements and the short circuit study, but shall not provide series-
rated equipment without explicit written permission from the Engineer. 


2.3 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Panelboards shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the unit will remain in place without separation 


of any parts from the device when subjected to the seismic forces specified." 


2.4 POWER PANELBOARDS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D 
1. All enclosures, panel interiors, and devices shall be of one manufacturer. 


B. Panelboards: NEMA PB 1, distribution type. 


C. Mains:  Circuit breaker or Lugs only. 


D. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and 
Smaller:  Bolt-on circuit breakers. 


E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 
125 A:  Bolt-on circuit breakers. 


2.5 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D 
1. All enclosures, panel interiors, and devices shall be of one manufacturer. 


B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 


C. Mains:  Circuit breaker or lugs only. 


D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable 
without disturbing adjacent units. 
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E. Doors: Door-in-door construction with concealed hinges; secured with multipoint 
latch with tumbler lock; keyed alike. Outer door shall permit full access to the panel 
interior. Inner door shall permit access to breaker operating handles and labeling, 
but current carrying terminals and bus shall remain concealed. 


2.6 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D 


B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault 
currents. 
1. Frame Size 4600A and lessmore: Thermal-Magnetic Circuit Breakers: 


a. Inverse time-current element for low-level overloads. 
b. Instantaneous magnetic trip element for short circuits. 
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A 


and larger. 
2. Frame Size 600400A and moreless: Electronic Trip Circuit Breakers: 


a. RMS sensing. 
b. Field-replaceable rating plug or electronic trip. 
c. Adjustable dials of settings, trip targets, and indicated metering 


displays. 
 


d. Field-Adjustable Settings: 
1) Instantaneous trip. 
2) Long- and short-time pickup levels. 
3) Long and short time adjustments. 
4) Ground-fault pickup level, time delay, and I squared T 


response where shown on drawings. 
3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A 


ground-fault protection (6-mA trip). 
4. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 


120/240-V, single-pole configuration. 
5. Subfeed Circuit Breakers: Vertically mounted. 
6. MCCB Features and Accessories: 


a. Standard frame sizes, trip ratings, and number of poles. 
b. Breaker handle indicates tripped status. 
c. UL listed for reverse connection without restrictive line or load 


ratings. 
d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and 


conductor materials. 
e. Application Listing: Appropriate for application; Type SWD for 


switching fluorescent lighting loads; Type HID for feeding 
fluorescent and HID lighting circuits. 


f. Ground-Fault Protection:  Integrally mounted relay and trip unit with 
adjustable pickup and time-delay settings, push-to-test feature, and 
ground-fault indicator. 


g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip 
at 55 percent of rated voltage where shown on drawings. 


h. Multipole units enclosed in a single housing with a single handle or 
factory assembled to operate as a single unit. 


i. Handle Clamp: Loose attachment, for holding circuit-breaker handle 
in on position. 
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2.7 IDENTIFICATION 


A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number 
of phases, and number of poles shall be located on the interior of the panelboard 
door. 


B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification 
standards, and AIC rating. 


C. Circuit Directory: Computer-generated circuit directory mounted inside panelboard 
door with transparent plastic protective cover. 
1. Circuit directory shall identify specific purpose with detail sufficient to 


distinguish it from all other circuits. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Verify actual conditions with field measurements prior to ordering panelboards to 
verify that equipment fits in allocated space in, and comply with, minimum required 
clearances specified in NFPA 70. 


B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 


C. Examine panelboards before installation. Reject panelboards that are damaged, 
rusted, or have been subjected to water saturation. 


D. Examine elements and surfaces to receive panelboards for compliance with 
installation tolerances and other conditions affecting performance of the Work. 


E. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Coordinate layout and installation of panelboards and components with other 
construction that penetrates walls or is supported by them, including electrical and 
other types of equipment, raceways, piping, encumbrances to workspace clearance 
requirements, and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels. 


B. Installation method of panelboards shall comply with the latest enforced edition of 
the National Electrical Code and the authority having jurisdiction. 


C. Comply with NECA 1. 


D. Install panelboards and accessories according to NEMA PB 1.1. 


E. Install all panelboards in accordance with the manufacturer’s recommendations and 
requirements. 


F. Coordinate panelboard location and size with architectural and interior drawings.  
Coordinate with other trades to identify conflicts with panelboard locations and notify 
the Engineer of any conflicts.   
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G. Fasten panelboards securely to structural wall or surface to Seismic Design 
Category D requirements. Panelboards shall be mounted no higher than 6'0" to the 
highest device from finished floor and no lower than 24" above finished floor.  
Provide panel skirts where noted. 


H. Comply with mounting and anchoring requirements specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 


I. Mount top of trim 90 inches above finished floor unless otherwise indicated. 


J. Mounting panelboards with space behind is recommended for damp, wet, or dirty 
locations. The steel slotted supports in the following paragraph provide an even 
mounting surface and the recommended space behind to prevent moisture or dirt 
collection. 


K. Mount surface-mounted panelboards to steel slotted supports 1 1/4 inch in depth. 
Orient steel slotted supports vertically or install backing in wall required to support 
panel. 


L. Provide a minimum of five (5) empty ¾” conduits out of each recessed panelboard to 
an accessible location above ceiling.  Identify each as “SPARE”. 


M. Arrange conductors in gutters into groups and bundle and wrap with wire ties. 


N. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and 
brackets and temporary blocking of moving parts from panelboards. 


O. Check all connections, phase rotation, ground resistance and insulation resistance 
levels. 


P. Complete the panel schedule card and place in the sleeve on the interior of the 
panelboard door. 


Q. Test all panelboards and overcurrent protection devices for voltage level, continuity, 
ground fault, and short circuits. 


R. Install all panelboards plumb and square to structure and adjacent surfaces. 


S. Mount recessed panelboards with fronts uniformly flush with wall finish and mating 
with back box. 


T. Make grounding connections and bond neutral for services and separately derived 
systems to ground. Make connections to grounding electrodes, separate grounds for 
isolated ground bars, and connections to separate ground bars. 


U. Install filler plates in unused spaces. 


V. Demonstrate the proper operation of all ground fault protective devices. 


W. Clean all panelboard interiors and exteriors prior to handing over to Owner.  Touch 
up scratched paint and finishes as necessary. 


X. Install overcurrent protective devices and controllers not already factory installed. 
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1. Set field-adjustable, circuit-breaker trip ranges. 
2. Tighten bolted connections and circuit breaker connections using calibrated 


torque wrench or torque screwdriver per manufacturer's written instructions. 


3.3 IDENTIFICATION 


A. Identify field-installed conductors, interconnecting wiring, and components; install 
warning signs complying with requirements in Section 260553 "Identification for 
Electrical Systems." 


B. Create a directory to indicate installed circuit loads; incorporate Owner's final room 
designations. Obtain approval before installing. Handwritten directories are not 
acceptable. Install directory inside panelboard door. 


C. Panelboard Nameplates: Label each panelboard with a nameplate complying with 
requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 


D. Device Nameplates: Label each branch circuit device in power panelboards with a 
nameplate complying with requirements for identification specified in Section 260553 
"Identification for Electrical Systems." 


E. Install warning signs complying with requirements in Section 260553 "Identification 
for Electrical Systems" identifying source of remote circuit. 


3.4 FIELD QUALITY CONTROL 


A. Acceptance Testing Preparation: 
1. Test insulation resistance for each panelboard bus, component, connecting 


supply, feeder, and control circuit. 
2. Test continuity of each circuit. 


B. Tests and Inspections: 
1. Perform each visual and mechanical inspection and electrical test for low-


voltage air circuit breakers and low-voltage surge arrestors stated in NETA 
ATS, Paragraph 7.6 Circuit Breakers and Paragraph 7.19.1 Surge Arrestors, 
Low-Voltage. Perform optional tests. Certify compliance with test 
parameters. 


2. Correct malfunctioning units on-site, where possible, and retest to 
demonstrate compliance; otherwise, replace with new units and retest. 


3. Perform the following infrared scan tests and inspections and prepare 
reports: 
a. Initial Infrared Scanning: After Substantial Completion, but not more 


than 60 days after Final Acceptance, perform an infrared scan of 
each panelboard. Remove front panels so joints and connections 
are accessible to portable scanner. 


b. Instruments and Equipment: 
1) Use an infrared scanning device designed to measure 


temperature or to detect significant deviations from normal 
values. Provide calibration record for device. 


C. Panelboards will be considered defective if they do not pass tests and inspections. 
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D. Prepare test and inspection reports, including a certified report that identifies 
panelboards included and that describes scanning results, with comparisons of the 
two scans. Include notation of deficiencies detected, remedial action taken, and 
observations after remedial action. 


3.5 ADJUSTING 


A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 


B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 
"Overcurrent Protective Device Coordination Study." 


C. Load Balancing: After Substantial Completion, but not more than 60 days after Final 
Acceptance, measure load balancing and make circuit changes. Prior to making 
circuit changes to achieve load balancing, inform Architect of effect on phase color 
coding. 
1. Measure loads during period of normal facility operations. 
2. Perform circuit changes to achieve load balancing outside normal facility 


operation schedule or at times directed by the Architect. Avoid disrupting 
services such as fax machines and on-line data processing, computing, 
transmitting, and receiving equipment. 


3. After changing circuits to achieve load balancing, recheck loads during 
normal facility operations. Record load readings before and after changing 
circuits to achieve load balancing. 


4. Tolerance: Maximum difference between phase loads, within a panelboard, 
shall not exceed 20 percent. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Distribution panelboards.

		2. Lighting and appliance branch-circuit panelboards.





		1.3 DEFINITIONS

		A. ATS: Acceptance testing specification.

		B. GFCI: Ground-fault circuit interrupter.

		C. HID: High-intensity discharge.

		D. MCCB: Molded-case circuit breaker.

		E. SPD: Surge protective device.

		F. VPR: Voltage protection rating.



		1.4 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.

		D. Manufacturer Qualifications: ISO 9001 or 9002 certified.



		1.5 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review.

		B. Action Submittals

		1. Product Data: For each type of panelboard.

		a. Include materials, switching and overcurrent protective devices, SPDs, accessories, and components indicated.

		b. Include dimensions and manufacturers' technical data on features, performance, electrical characteristics, ratings, and finishes.



		2. Shop Drawings: For each panelboard and related equipment.

		a. Include dimensioned plans, elevations, sections, and details.

		b. Show tabulations of installed devices with nameplates, conductor termination sizes, equipment features, and ratings.

		c. Detail enclosure types including mounting and anchorage, environmental protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and locks.

		d. Detail bus configuration, current, and voltage ratings.

		e. Short-circuit current rating of panelboards and overcurrent protective devices.

		f. Include evidence of NRTL listing for SPD as installed in panelboard.

		g. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.

		h. Include wiring diagrams for power, signal, and control wiring.

		i. Key interlock scheme drawing and sequence of operations.

		j. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards. Include an Internet link for electronic access to downloadable PDF of the coordination curves.





		C. Informational Submittals

		1. Qualification Data: For testing agency.

		2. Panelboard Schedules: For installation in panelboards.



		D. Closeout Submittals

		1. Operation and Maintenance Data: For panelboards and components to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		a. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.

		b. Time-current curves, including selectable ranges for each type of overcurrent protective device that allows adjustments.





		E. Maintenance Material Submittals

		1. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		a. Keys:  Two spares for each type of panelboard cabinet lock.







		1.6 FIELD CONDITIONS

		A. Environmental Limitations:

		1. Rate equipment for continuous operation under the following conditions unless otherwise indicated:

		a. Ambient Temperature: Not exceeding 23 deg F to plus 104 deg F.

		b. Altitude: Not exceeding 6600 feet.







		1.7 WARRANTY

		A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in materials or workmanship within specified warranty period.

		1. Panelboard Warranty Period:  12 months from date of Substantial Completion.



		B. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace SPD that fails in materials or workmanship within specified warranty period.

		1. SPD Warranty Period:  Five years from date of Substantial Completion.







		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.



		2.2 PANELBOARDS COMMON REQUIREMENTS

		A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems."

		B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for panelboards including clearances between panelboards and adjacent surfaces and other items. Comply with indicated maximum dimensions.

		C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		D. Comply with NEMA PB 1.

		E. Comply with CEC.

		F. Enclosures:  Flush and Surface-mounted, dead-front cabinets.

		1. Rated for environmental conditions at installed location.

		a. Indoor Dry and Clean Locations: NEMA 250, Type 1.

		b. Outdoor Locations: NEMA 250, Type 3R.

		c. Wash-Down Areas: NEMA 250, Type 4X, stainless steel.

		d. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

		e. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA 250, Type 12.



		2. Front accessibility for wireways on each side of overcurrent protective devices for entire height of panelboard.

		3. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover. Trims shall cover all live parts and shall have no exposed hardware.

		4. Finishes:

		a. Panels and Trim:  Steel, factory finished immediately after cleaning and pretreating with manufacturer's standard two-coat, baked-on finish consisting of prime coat and thermosetting topcoat.

		b. Back Boxes:  Galvanized steel.





		G. Incoming Mains:

		1. Location:  Convertible between top and bottom.

		2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to main breaker.



		H. Phase, Neutral, and Ground Buses:

		1. Material:  Hard-drawn copper, 98 percent conductivity.

		a. Plating shall run entire length of bus.

		b. Bus shall be fully rated the entire length.



		2. Interiors shall be factory assembled into a unit. Replacing switching and protective devices shall not disturb adjacent units or require removing the main bus connectors.

		3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding conductors; bonded to box.

		4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance applications. Mount electrically isolated from enclosure. Do not mount neutral bus in gutter.

		5. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and listed and labeled by an NRTL acceptable to authority having jurisdiction, as suitable for nonlinear loads in electronic-grade panelboards and others designated on Drawings. Connectors shall be sized for double-sized or parallel conductors as indicated on Drawings. Do not mount neutral bus in gutter.

		6. Split Bus: Vertical buses divided into individual vertical sections.



		I. Conductor Connectors: Suitable for use with conductor material and sizes.

		1. Material:  Hard-drawn copper, 98 percent conductivity.

		2. Terminations shall allow use of 75 deg C rated conductors without derating.

		3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if required, for larger conductors.

		4. Main Lugs: Anti-turn solderless pressure type for use with copper conductors.

		5. Neutral Lugs:  Mechanical type, with a lug on the neutral bar for each pole in the panelboard.

		6. Ground Lugs and Bus-Configured Terminators:  Mechanical type, with a lug on the bar for each pole in the panelboard.

		7. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material. Locate at opposite end of bus from incoming lugs or main device. As shown on plans.

		8. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material. Locate at same end of bus as incoming lugs or main device. As shown on plans.

		9. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-capacity neutral bus. As shown on plans.



		J. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.

		1. Percentage of Future Space Capacity:  20 percent.



		K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit current available at terminals. Assembly listed by an NRTL for 100 percent interrupting capacity.

		1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-circuit ratings as shown on Drawings, but not less than 10,000 A rms symmetrical.

		2. Panelboards and overcurrent protective devices rated above 240 V and less than 600 V shall have short-circuit ratings as shown on Drawings, but not less than 14,000 A rms symmetrical.

		3. The Contractor may provide series-rated equipment, fully compliant with all CEC requirements and the short circuit study, but shall not provide series-rated equipment without explicit written permission from the Engineer.





		2.3 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."





		2.4 POWER PANELBOARDS

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D

		1. All enclosures, panel interiors, and devices shall be of one manufacturer.



		B. Panelboards: NEMA PB 1, distribution type.

		C. Mains:  Circuit breaker or Lugs only.

		D. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and Smaller:  Bolt-on circuit breakers.

		E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers.



		2.5 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D

		1. All enclosures, panel interiors, and devices shall be of one manufacturer.



		B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

		C. Mains:  Circuit breaker or lugs only.

		D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.

		E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch with tumbler lock; keyed alike. Outer door shall permit full access to the panel interior. Inner door shall permit access to breaker operating handles and labeling, but current carrying terminals and bus shall remain concealed.



		2.6 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D

		B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.

		1. Frame Size 4600A and lessmore: Thermal-Magnetic Circuit Breakers:

		a. Inverse time-current element for low-level overloads.

		b. Instantaneous magnetic trip element for short circuits.

		c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.



		2. Frame Size 600400A and moreless: Electronic Trip Circuit Breakers:

		a. RMS sensing.

		b. Field-replaceable rating plug or electronic trip.

		c. Adjustable dials of settings, trip targets, and indicated metering displays.

		d. Field-Adjustable Settings:

		1) Instantaneous trip.

		2) Long- and short-time pickup levels.

		3) Long and short time adjustments.

		4) Ground-fault pickup level, time delay, and I squared T response where shown on drawings.





		3. GFCI Circuit Breakers: Single- and double-pole configurations with Class A ground-fault protection (6-mA trip).

		4. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V, single-pole configuration.

		5. Subfeed Circuit Breakers: Vertically mounted.

		6. MCCB Features and Accessories:

		a. Standard frame sizes, trip ratings, and number of poles.

		b. Breaker handle indicates tripped status.

		c. UL listed for reverse connection without restrictive line or load ratings.

		d. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.

		e. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and HID lighting circuits.

		f. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

		g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage where shown on drawings.

		h. Multipole units enclosed in a single housing with a single handle or factory assembled to operate as a single unit.

		i. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position.







		2.7 IDENTIFICATION

		A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of phases, and number of poles shall be located on the interior of the panelboard door.

		B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC rating.

		C. Circuit Directory: Computer-generated circuit directory mounted inside panelboard door with transparent plastic protective cover.

		1. Circuit directory shall identify specific purpose with detail sufficient to distinguish it from all other circuits.







		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Verify actual conditions with field measurements prior to ordering panelboards to verify that equipment fits in allocated space in, and comply with, minimum required clearances specified in NFPA 70.

		B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1.

		C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or have been subjected to water saturation.

		D. Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.

		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.

		B. Installation method of panelboards shall comply with the latest enforced edition of the National Electrical Code and the authority having jurisdiction.

		C. Comply with NECA 1.

		D. Install panelboards and accessories according to NEMA PB 1.1.

		E. Install all panelboards in accordance with the manufacturer’s recommendations and requirements.

		F. Coordinate panelboard location and size with architectural and interior drawings.  Coordinate with other trades to identify conflicts with panelboard locations and notify the Engineer of any conflicts.  

		G. Fasten panelboards securely to structural wall or surface to Seismic Design Category D requirements. Panelboards shall be mounted no higher than 6'0" to the highest device from finished floor and no lower than 24" above finished floor.  Provide panel skirts where noted.

		H. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."

		I. Mount top of trim 90 inches above finished floor unless otherwise indicated.

		J. Mounting panelboards with space behind is recommended for damp, wet, or dirty locations. The steel slotted supports in the following paragraph provide an even mounting surface and the recommended space behind to prevent moisture or dirt collection.

		K. Mount surface-mounted panelboards to steel slotted supports 1 1/4 inch in depth. Orient steel slotted supports vertically or install backing in wall required to support panel.

		L. Provide a minimum of five (5) empty ¾” conduits out of each recessed panelboard to an accessible location above ceiling.  Identify each as “SPARE”.

		M. Arrange conductors in gutters into groups and bundle and wrap with wire ties.

		N. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from panelboards.

		O. Check all connections, phase rotation, ground resistance and insulation resistance levels.

		P. Complete the panel schedule card and place in the sleeve on the interior of the panelboard door.

		Q. Test all panelboards and overcurrent protection devices for voltage level, continuity, ground fault, and short circuits.

		R. Install all panelboards plumb and square to structure and adjacent surfaces.

		S. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.

		T. Make grounding connections and bond neutral for services and separately derived systems to ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, and connections to separate ground bars.

		U. Install filler plates in unused spaces.

		V. Demonstrate the proper operation of all ground fault protective devices.

		W. Clean all panelboard interiors and exteriors prior to handing over to Owner.  Touch up scratched paint and finishes as necessary.

		X. Install overcurrent protective devices and controllers not already factory installed.

		1. Set field-adjustable, circuit-breaker trip ranges.

		2. Tighten bolted connections and circuit breaker connections using calibrated torque wrench or torque screwdriver per manufacturer's written instructions.





		3.3 IDENTIFICATION

		A. Identify field-installed conductors, interconnecting wiring, and components; install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems."

		B. Create a directory to indicate installed circuit loads; incorporate Owner's final room designations. Obtain approval before installing. Handwritten directories are not acceptable. Install directory inside panelboard door.

		C. Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		D. Device Nameplates: Label each branch circuit device in power panelboards with a nameplate complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		E. Install warning signs complying with requirements in Section 260553 "Identification for Electrical Systems" identifying source of remote circuit.



		3.4 FIELD QUALITY CONTROL

		A. Acceptance Testing Preparation:

		1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.

		2. Test continuity of each circuit.



		B. Tests and Inspections:

		1. Perform each visual and mechanical inspection and electrical test for low-voltage air circuit breakers and low-voltage surge arrestors stated in NETA ATS, Paragraph 7.6 Circuit Breakers and Paragraph 7.19.1 Surge Arrestors, Low-Voltage. Perform optional tests. Certify compliance with test parameters.

		2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

		3. Perform the following infrared scan tests and inspections and prepare reports:

		a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each panelboard. Remove front panels so joints and connections are accessible to portable scanner.

		b. Instruments and Equipment:

		1) Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.







		C. Panelboards will be considered defective if they do not pass tests and inspections.

		D. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results, with comparisons of the two scans. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.



		3.5 ADJUSTING

		A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.

		B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent Protective Device Coordination Study."

		C. Load Balancing: After Substantial Completion, but not more than 60 days after Final Acceptance, measure load balancing and make circuit changes. Prior to making circuit changes to achieve load balancing, inform Architect of effect on phase color coding.

		1. Measure loads during period of normal facility operations.

		2. Perform circuit changes to achieve load balancing outside normal facility operation schedule or at times directed by the Architect. Avoid disrupting services such as fax machines and on-line data processing, computing, transmitting, and receiving equipment.

		3. After changing circuits to achieve load balancing, recheck loads during normal facility operations. Record load readings before and after changing circuits to achieve load balancing.

		4. Tolerance: Maximum difference between phase loads, within a panelboard, shall not exceed 20 percent.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section includes equipment for electricity metering by Owner. 


1.3 DEFINITIONS 


A. KY Pulse:  Term used by the metering industry to describe a method of measuring 
consumption of electricity that is based on a relay opening and closing in response 
to the rotation of the disk in the meter. 


B. PC:  Personal computer. 


1.4 SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. Shop Drawings:  For electricity-metering equipment. 
1. Dimensioned plans and sections or elevation layouts. 
2. Wiring Diagrams:  For power, signal, and control wiring.  Identify terminals 


and wiring designations and color-codes to facilitate installation, operation, 
and maintenance.  Indicate recommended types, wire sizes, and circuiting 
arrangements for field-installed wiring, and show circuit protection features. 


C. Field quality-control reports. 


D. Operation and Maintenance Data.  In addition to items specified in Division 01 
Section "Operation and Maintenance Data," include the following: 
1. Application and operating software documentation. 
2. Software licenses. 
3. Software service agreement. 
4. Hard copies of manufacturer's operating specifications, design user's guides 


for software and hardware, and PDF files on CD-ROM of the hard-copy 
Submittal. 


1.5 QUALITY ASSURANCE 


A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Receive, store, and handle modular meter center according to NECA 400. 
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1.7 PROJECT CONDITIONS 


A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to 
facilities occupied by Owner unless permitted under the following conditions and 
then only after arranging to provide temporary electrical service according to 
requirements indicated: 
1. Notify the Owner no fewer than (7) days in advance of proposed interruption 


of electrical service. 
2. Do not proceed with interruption of electrical service without the Owner's 


written permission. 


1.8 SOFTWARE SERVICE AGREEMENT 


A. Technical Support:  Beginning with project acceptance, provide software support for 
(2) years. 


B. Upgrade Service:  Update software to latest version at project acceptance.  Install 
and program software upgrades that become available within (2) years from date of 
Substantial Completion.  Upgrading software shall include operating system.  
Upgrade shall include new or revised licenses for use of software. 
1. Provide (30) days' notice to Owner to allow scheduling and access to 


system and to allow Owner to upgrade his computer equipment if 
necessary. 


PART 2 - PRODUCTS 


2.1 EQUIPMENT FOR ELECTRICITY METERING BY OWNER 


A. Manufacturers:  Subject to compliance with requirements, provide products by the 
following available manufacturer offering products that may be incorporated into the 
Work: 


B. Subject to compliance with requirements, provide product indicated on Drawings by 
the following: 
1. Square D PowerLogic; a brand of Schneider Electric. 


C. General Requirements for Owner's Meters: 
1. Comply with UL 1244. 
2. Meters used for billing shall have an accuracy of 0.5 percent of reading, 


complying with requirements in ANSI C12.20. 
3. Meters shall be certified by Title 4, California Code of Regulations, Article 


2.2. 
4. Enclosure:  NEMA 250, Type 1 minimum, with hasp for padlocking or 


sealing. 
5. Identification:  Comply with requirements in Division 26 Section "Electrical 


Identification". 
6. Memory Backup:  Self-contained to maintain memory throughout power 


outages of 72 hours, minimum. 
7. Sensors:  Current-sensing type, with current or voltage output, selected for 


optimum range and accuracy for meters indicated for this application. 
a. Type:  solid core. 


8. Current-Transformer Cabinet:  Listed or recommended by metering 
equipment manufacturer for use with sensors indicated. 
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9. Building Automation System (BAS) Interface:  One digital KY pulse to a 
user-definable increment of energy measurement.  Match signal to BAS 
input and arrange to convey the instantaneous, integrated, demand level 
measured by meter to provide data for processing and possible 
programmed demand control action by destination system. 


D. Kilowatt-hour Meter:  Electronic three-phase meters, measuring electricity used. 
1. Voltage and Phase Configuration:  Meter shall be designed for use on 


circuits with voltage rating and phase configuration indicated for its 
application. 


2. Display:  LCD with characters not less than 0.25 inch high, indicating 
accumulative kilowatt-hours and current kilowatt load.  Retain accumulated 
kilowatt-hour in a nonvolatile memory, until reset. 


3. Display:  Digital electromechanical counter, indicating accumulative kilowatt-
hours. 


E. Kilowatt-hour/Demand Meter:  Electronic three-phase meters, measuring electricity 
use and demand.  Demand shall be integrated over a 15-minute interval. 
1. Voltage and Phase Configuration:  Meter shall be designed for use on 


circuits with voltage rating and phase configuration indicated for its 
application. 


2. Display:  LCD with characters not less than 0.25 inch high, indicating 
accumulative kilowatt-hours, current time and date, current demand, historic 
peak demand, and time and date of historic peak demand.  Retain 
accumulated kilowatt-hour and historic peak demand in a nonvolatile 
memory, until reset. 


F. Data Transmission Cable:  Transmit KY pulse data over Class 1 control-circuit 
conductors in raceway. 


G. Software:  PC based, a product of meter manufacturer, suitable for calculation of 
utility cost allocation and billing. 
1. Utility Cost Allocation:  Automatically import energy-usage records to 


allocate energy costs for the following: 
a. At least (15) departments. 
b. At least (30) tenants. 
c. At least (5) processes. 
d. At least (5) buildings. 


2. Tenant or Activity Billing Software:  Automatically import energy-usage 
records to automatically compute and prepare activity demand and energy-
use statements based on metering of energy use and peak demand.  
Maintain separate directory for each tenant's historical billing information.  
Prepare summary reports in user-defined formats and time intervals. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Comply with equipment installation requirements in NECA 1. 


B. Install meters in accordance with Owner’s requirements and the manufacturer’s 
requirements.  Install raceways and equipment according to Owner’s written 
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requirements.  Provide empty conduits for metering leads and extend grounding 
connections as required by utility company. 


C. Install modular meter center according to NECA 400 switchboard installation 
requirements. 


3.2 IDENTIFICATION 


A. Comply with requirements for identification specified in Division 26 Section 
"Electrical Identification". 
1. Series Combination Warning Label:  Self-adhesive type, with text as 


required by CEC. 
2. Equipment Identification Labels:  Adhesive film labels with clear protective 


overlay.  For residential meters, provide an additional card holder suitable 
for weather-resistant card with occupant's name. 


3.3 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 
1. Manufacturer's Field Service:  Engage a factory-authorized service 


representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 


B. Tests and Inspections: 
1. Connect a load of known kilowatt rating, 1.5kW minimum, to a circuit 


supplied by metered feeder. 
2. Turn off circuits supplied by metered feeder and secure them in off 


condition. 
3. Run test load continuously for eight hours minimum, or longer, to obtain a 


measurable meter indication.  Use test-load placement and setting that 
ensures continuous, safe operation. 


4. Check and record meter reading at end of test period and compare with 
actual electricity used, based on test-load rating, duration of test, and 
sample measurements of supply voltage at test-load connection.  Record 
test results. 


C. Electricity metering will be considered defective if it does not pass tests and 
inspections. 


D. Prepare test and inspection reports. 


END OF SECTION 





		1.1 RELATED DOCUMENTS

		1.2 SUMMARY

		A. Section includes equipment for electricity metering by Owner.

		1.3 DEFINITIONS

		B. PC:  Personal computer.

		1.4 SUBMITTALS

		B. Shop Drawings:  For electricity-metering equipment.

		1. Dimensioned plans and sections or elevation layouts.

		1. Application and operating software documentation.

		2. Software licenses.

		3. Software service agreement.

		4. Hard copies of manufacturer's operating specifications, design user's guides for software and hardware, and PDF files on CD-ROM of the hard-copy Submittal.

		1.5 QUALITY ASSURANCE

		A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		1.6 DELIVERY, STORAGE, AND HANDLING

		1.7 PROJECT CONDITIONS

		1. Notify the Owner no fewer than (7) days in advance of proposed interruption of electrical service.

		2. Do not proceed with interruption of electrical service without the Owner's written permission.

		1.8 SOFTWARE SERVICE AGREEMENT

		B. Upgrade Service:  Update software to latest version at project acceptance.  Install and program software upgrades that become available within (2) years from date of Substantial Completion.  Upgrading software shall include operating system.  Upgrade shall include new or revised licenses for use of software.

		1. Provide (30) days' notice to Owner to allow scheduling and access to system and to allow Owner to upgrade his computer equipment if necessary.

		PART 2 - PRODUCTS

		2.1 EQUIPMENT FOR ELECTRICITY METERING BY OWNER

		C. General Requirements for Owner's Meters:

		1. Comply with UL 1244.

		4. Enclosure:  NEMA 250, Type 1 minimum, with hasp for padlocking or sealing.

		5. Identification:  Comply with requirements in Division 26 Section "Electrical Identification".

		6. Memory Backup:  Self-contained to maintain memory throughout power outages of 72 hours, minimum.

		7. Sensors:  Current-sensing type, with current or voltage output, selected for optimum range and accuracy for meters indicated for this application.



		D. Kilowatt-hour Meter:  Electronic three-phase meters, measuring electricity used.

		1. Voltage and Phase Configuration:  Meter shall be designed for use on circuits with voltage rating and phase configuration indicated for its application.

		3. Display:  Digital electromechanical counter, indicating accumulative kilowatt-hours.

		1. Voltage and Phase Configuration:  Meter shall be designed for use on circuits with voltage rating and phase configuration indicated for its application.

		2. Display:  LCD with characters not less than 0.25 inch high, indicating accumulative kilowatt-hours, current time and date, current demand, historic peak demand, and time and date of historic peak demand.  Retain accumulated kilowatt-hour and historic peak demand in a nonvolatile memory, until reset.



		F. Data Transmission Cable:  Transmit KY pulse data over Class 1 control-circuit conductors in raceway.

		1. Utility Cost Allocation:  Automatically import energy-usage records to allocate energy costs for the following:

		a. At least (15) departments.

		b. At least (30) tenants.

		c. At least (5) processes.

		d. At least (5) buildings.



		2. Tenant or Activity Billing Software:  Automatically import energy-usage records to automatically compute and prepare activity demand and energy-use statements based on metering of energy use and peak demand.  Maintain separate directory for each tenant's historical billing information.  Prepare summary reports in user-defined formats and time intervals.







		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Comply with equipment installation requirements in NECA 1.



		3.2 IDENTIFICATION

		A. Comply with requirements for identification specified in Division 26 Section "Electrical Identification".

		1. Series Combination Warning Label:  Self-adhesive type, with text as required by CEC.

		2. Equipment Identification Labels:  Adhesive film labels with clear protective overlay.  For residential meters, provide an additional card holder suitable for weather-resistant card with occupant's name.





		3.3 FIELD QUALITY CONTROL

		D. Prepare test and inspection reports.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Twist-locking receptacles. 
3. Receptacles with integral surge-suppression units. 
4. Isolated-ground receptacles. 
5. Weather-resistant receptacles. 
6. Snap switches and wall-box dimmers. 
7. Pendant cord-connector devices. 
8. Cord and plug sets. 
9. Floor service outlets, poke-through assemblies, service poles, and 


multioutlet assemblies. 


1.3 DEFINITIONS 


A. EMI: Electromagnetic interference. 


B. GFCI: Ground-fault circuit interrupter. 


C. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 


D. RFI: Radio-frequency interference. 


E. TVSS: Transient voltage surge suppressor. 


1.4 ADMINISTRATIVE REQUIREMENTS 


A. Coordination: 
1. Receptacles for Owner-Furnished Equipment: Match plug configurations. 
2. Cord and Plug Sets: Match equipment requirements. 
3. Verify NEMA configuration with construction documents. 


1.5 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the State of California, including the regulations of serving utilities and 
any participating government agencies having jurisdiction. 
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B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


1.6 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Receptacles 
2. Switches 
3. Wiring devices 
4. Accessories 
5. List of legends and description of materials and process used for 


premarking wall plates. 


B. Closeout Submittals 
1. Operation and Maintenance Data: For wiring devices to include in all 


manufacturers' packing-label warnings and instruction manuals that include 
labeling conditions. 


C. Maintenance Material Submittals 
1. Furnish extra materials that match products installed and that are packaged 


with protective covering for storage and identified with labels describing 
contents. 
a. Poke-Through, Fire-Rated Closure Plugs:  One for every five floor 


service outlets installed, but no fewer than two. 
b. TVSS Receptacles:  One for every 10 of each type installed, but no 


fewer than two of each type. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Acceptable manufactures for receptacles, switches, floor service outlets, poke-
through assemblies, service poles, and multioutlet assemblies shall be Arrow Hart, 
Hubbell, Leviton, or Pass and Seymour. 


B. Acceptable manufactures for wall box dimmers shall be Leviton ‘Touch Point’ series, 
or equal by Lutron. 


C. Source Limitations: Obtain each type of wiring device and associated wall plate from 
single source from single manufacturer. 


2.2 GENERAL WIRING-DEVICE REQUIREMENTS 


A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 
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B. Comply with NFPA 70. 


C. UL listed and suitable for the application. 


2.3 STRAIGHT-BLADE RECEPTACLES 


A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 
Configuration 5-20R, UL 498, and FS W-C-596.  
1. Description: Straight blade; heavy duty, screw type, side wired. 


B. Isolated-Ground, Duplex Convenience Receptacles, 125 V, 20 A: Comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596. 
1. Description: Straight blade; heavy duty, screw type, side wired; equipment 


grounding contacts shall be connected only to the green grounding screw 
terminal of the device and with inherent electrical isolation from mounting 
strap. Isolation shall be integral to receptacle construction and not 
dependent on removable parts. 


2.4 GFCI RECEPTACLES 


A. Duplex GFCI Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, 
NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596. 
1. Description: Straight blade; heavy duty, screw type, side wired, feed-through 


type. Include indicator light that shows when the GFCI has malfunctioned 
and no longer provides proper GFCI protection. Capable of detecting a 
leaking current of 5mA. 


2.5 TVSS RECEPTACLES 


A. General Description: Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 1449, and 
FS W-C-596, with integral TVSS in line to ground, line to neutral, and neutral to 
ground. 
1. TVSS Components: Multiple metal-oxide varistors; with a nominal clamp-


level rating of 400 V and minimum single transient pulse energy dissipation 
of 240 J, according to IEEE C62.41.2 and IEEE C62.45. 


2. Active TVSS Indication: Visual and audible, with light visible in face of 
device to indicate device is "active" or "no longer in service." 


B. Duplex TVSS Convenience Receptacles: 
1. Description: Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R. 


C. Isolated-Ground, Duplex Convenience Receptacles: 
1. Description: 


a. Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R. 
b. Equipment grounding contacts shall be connected only to the green 


grounding screw terminal of the device and with inherent electrical 
isolation from mounting strap. Isolation shall be integral to 
receptacle construction and not dependent on removable parts. 


2.6 HAZARDOUS (CLASSIFIED) LOCATION RECEPTACLES 


A. Wiring Devices for Hazardous (Classified) Locations: Comply with NEMA FB 11 and 
UL 1010. 
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2.7 TWIST-LOCKING RECEPTACLES 


A. Single Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, 
NEMA WD 6 Configuration L5-20R, and UL 498. 


B. Isolated-Ground, Single Convenience Receptacles, 125 V, 20 A: 
1. Description: 


a. Comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and 
UL 498. 


b. Equipment grounding contacts shall be connected only to the green 
grounding screw terminal of the device and with inherent electrical 
isolation from mounting strap. Isolation shall be integral to 
receptacle construction and not dependent on removable parts. 


2.8 PENDANT CORD-CONNECTOR DEVICES 


A. Description: 
1. Matching, locking-type plug and receptacle body connector. 
2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty grade, and 


FS W-C-596. 
3. Body: Nylon, with screw-open, cable-gripping jaws and provision for 


attaching external cable grip. 
4. External Cable Grip: Woven wire-mesh type made of high-strength, 


galvanized-steel wire strand, matched to cable diameter, and with 
attachment provision designed for corresponding connector. 


2.9 CORD AND PLUG SETS 


A. Description: 
1. Match voltage and current ratings and number of conductors to 


requirements of equipment being connected. 
2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A 


jacket; with green-insulated grounding conductor and ampacity of at least 
130 percent of the equipment rating. 


3. Plug: Nylon body and integral cable-clamping jaws. Match cord and 
receptacle type for connection. 


2.10 TOGGLE SWITCHES 


A. Quiet AC type; Comply with NEMA WD 1, UL 20, and FS W-S-896. 


B. Switches, 120/277 V, 20 A: 
1. Single Pole: 
2. Two Pole: 
3. Three Way: 
4. Four Way: 


C. Pilot-Light Switches, 20 A: 
1. Description: Single pole, with neon-lighted handle, illuminated when switch 


is "off." 


D. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277 V, 
20 A; for use with mechanically held lighting contactors. 
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2.11 DECORATOR-STYLE DEVICES 


A. Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, 
NEMA WD 6 Configuration 5-20R, and UL 498. 


B. GFCI, Feed-Through Type, Convenience Receptacles: Square face, 125 V, 20 A; 
comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 
Class A. 


C. Toggle Switches, Square Face, 120/277 V, 20 A: Comply with NEMA WD 1, UL 20, 
and FS W-S-896. 


D. Lighted Toggle Switches, Square Face, 120 V, 20 A: Comply with NEMA WD 1 and 
UL 20. 
1. Description: With neon-lighted handle, illuminated when switch is "off." 


2.12 WALL-BOX DIMMERS 


A. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off 
switches, with audible frequency and EMI/RFI suppression filters. 


B. Control: Continuously adjustable slider; with single-pole or three-way switching. 
Comply with UL 1472. 


C. Incandescent Lamp Dimmers: 120 V; control shall follow square-law dimming curve. 
On-off switch positions shall bypass dimmer module. 
1. 1000 W; dimmers shall require no derating when ganged with other devices. 


D. Fluorescent Lamp Dimmer Switches: Modular; compatible with dimmer ballasts; trim 
potentiometer to adjust low-end dimming; dimmer-ballast combination capable of 
consistent dimming with low end not greater than 10 percent of full brightness. 


2.13 WALL PLATES 


A. Single and combination types shall match corresponding wiring devices. 
1. Plate-Securing Screws: Metal with head color to match plate finish (by 


architect). 
2. Material for Finished Spaces (e.g. lobbies, offices, etc.):  Smooth, high-


impact thermoplastic. 
3. Material for Unfinished Spaces (e.g. janitorial, mechanical, laboratory, 


process, manufacturing, clean room areas, etc.): 0.035-inch- thick, satin-
finished, Type 302 stainless steel. 


4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, 
and listed and labeled for use in wet and damp locations. 


B. Wet-Location, Weatherproof-While-In-Use Spring-loaded Cover Plates: NEMA 250, 
complying with Type 3R, weather-resistant, die-cast aluminum with lockable cover. 


2.14 FLOOR SERVICE FITTINGS 


A. Type: Modular, flush-type, dual-service units suitable for wiring method used. 
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B. Compartments: Barrier separates power from voice and data communication 
cabling. 


C. Service Plate:  Rectangular, die-cast aluminum with satin finish. 


D. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise 
indicated. 


E. Voice and Data Communication Outlet:  Blank cover with bushed cable opening 


2.15 POKE-THROUGH ASSEMBLIES 


A. Description: 
1. Factory-fabricated and -wired assembly of below-floor junction box with 


multichanneled, through-floor raceway/firestop unit and detachable 
matching floor service-outlet assembly. 


2. Comply with UL 514 scrub water exclusion requirements. 
3. Service-Outlet Assembly:  Flush type with number of  receptacles indicated 


on plans and space for four RJ-45 jacks complying with requirements in 
Section 271500 "Communications Horizontal Cabling." 


4. Size: Selected to fit nominal 4-inch cored holes in floor and matched to floor 
thickness. 


5. Fire Rating: Unit is listed and labeled for fire rating of floor-ceiling assembly. 
6. Closure Plug: Arranged to close unused 4-inch cored openings and 


reestablish fire rating of floor. 
7. Wiring Raceways and Compartments: For a minimum of four No. 12 AWG 


conductors and a minimum of four, four-pair cables that comply with 
requirements in Section 271500 "Communications Horizontal Cabling." 


2.16 PREFABRICATED MULTIOUTLET ASSEMBLIES 


A. Description: 
1. Two-piece surface metal raceway, with factory-wired multioutlet harness. 
2. Components shall be products from single manufacturer designed for use 


as a complete, matching assembly of raceways and receptacles. 


B. Raceway Material:  Metal, with manufacturer's standard finish. 


C. Multioutlet Harness: 
1. Receptacles: 15-A, 125-V, NEMA WD 6 Configuration 5-15R receptacles 


complying with NEMA WD 1, UL 498, and FS W-C-596. 
2. Receptacle Spacing: As indicated on plans. 
3. Wiring: No. 12 AWG solid, Type THHN copper, two circuit, connecting 


alternating receptacles. 


2.17 SERVICE POLES 


A. Description: 
1. Factory-assembled and -wired units to extend power and voice and data 


communication from distribution wiring concealed in ceiling to devices or 
outlets in pole near floor. 
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2. Poles: Nominal 2.5-inch- square cross section, with height adequate to 
extend from floor to at least 6 inches above ceiling, and with separate 
channels for power wiring and voice and data communication cabling. 


3. Mounting: Ceiling trim flange with concealed bracing arranged for positive 
connection to ceiling supports; with pole foot and carpet pad attachment. 


4. Finishes:  Manufacturer's standard painted finish and trim combination. 
5. Wiring: Sized for minimum of five No. 12 AWG power and ground 


conductors and a minimum of four, four-pair, Category 3 or Category 5 voice 
and data communication cables. 


6. Power Receptacles: Two duplex, 20-A, straight-blade receptacles complying 
with requirements in this Section. 


7. Voice and Data Communication Outlets:  Blank insert with bushed cable 
opening complying with requirements in Section 271500 "Communications 
Horizontal Cabling." 


2.18 FINISHES 


A. Device Color: 
1. Wiring Devices Connected to Normal Power System:  As selected by 


Architect unless otherwise indicated or required by CEC or device listing. 
2. Wiring Devices Connected to Emergency Power System:  Red. 
3. TVSS Devices: Blue. 
4. Isolated-Ground Receptacles:  As specified above, with orange triangle on 


face. 
5. Dedicated Receptacles Connected to Normal Power System: Grey 
6. Controlled Receptacles Connected to Normal Power System: As selected 


by Architect (but different than standard) unless otherwise indicated or 
required by CEC or device listing. 


B. Wall Plate Color: For plastic covers, as selected by Architect. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Installation method of wiring devices shall comply with the latest enforced edition of 
the National Electrical Code and the authority having jurisdiction. 


B. Comply with NECA 1, including mounting heights listed in that standard, unless 
otherwise indicated. 


C. Coordination with Other Trades: 
1. Protect installed devices and their boxes. Do not place wall finish materials 


over device boxes and do not cut holes for boxes with routers that are 
guided by riding against outside of boxes. 


2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, 
concrete, dust, paint, and other material that may contaminate the raceway 
system, conductors, and cables. 


3. Install device boxes in brick or block walls so that the cover plate does not 
cross a joint unless the joint is troweled flush with the face of the wall. 


4. Install wiring devices after all wall preparation, including painting, is 
complete. 
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D. Conductors: 
1. Do not strip insulation from conductors until right before they are spliced or 


terminated on devices. 
2. Strip insulation evenly around the conductor using tools designed for the 


purpose. Avoid scoring or nicking of solid wire or cutting strands from 
stranded wire. 


3. The length of free conductors at outlets for devices shall meet provisions of 
CEC, Article 300, without pigtails. 


E. Install all devices in accordance with the manufacturer’s recommendations and 
requirements. 


F. Device Installation: 
1. Replace devices that have been in temporary use during construction and 


that were installed before building finishing operations were complete. 
2. Keep each wiring device in its package or otherwise protected until it is time 


to connect conductors. 
3. Do not remove surface protection, such as plastic film and smudge covers, 


until the last possible moment. 
4. Connect devices to branch circuits using pigtails that are not less than 6 


inches in length. 
5. When there is a choice, use side wiring with binding-head screw terminals. 


Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way 
around terminal screw. 


6. Use a torque screwdriver when a torque is recommended or required by 
manufacturer. 


7. When conductors larger than No. 12 AWG are installed on 20-A circuits, 
splice No. 12 AWG pigtails for device connections. 


8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used 


to hold device-mounting screws in yokes, allowing metal-to-metal contact. 
10. Weathertight devices to be gasketed in cast metal boxes. 


G. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and 
remount outlet boxes when standard device plates do not fit flush or do not cover 
rough wall opening. Provide single, combination plates at all ganged device 
locations. 


H. Dimmers: 
1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers 


according to manufacturers' device listing conditions in the written 
instructions. 


I. Contractor shall verify installation orientation of duplex outlets (ground pin up or 
down) with Owner’s representative prior to installation. 


J. Coordinate device mounting height, location and type with architectural and interior 
drawings.  Coordinate with other trades to identify conflicts with device locations and 
notify the Engineer of any conflicts. 
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K. Arrangement of Devices: Unless otherwise indicated, mount flush, with long 
dimension vertical. Group adjacent switches under single, multigang wall plates. 


L. Adjust locations of floor service outlets and service poles to suit arrangement of 
partitions and furnishings. 


M. Install non-feed-through-type GFCI receptacles where protection of downstream 
receptacles is not required. 


N. Install devices only in clean boxes. 


O. Install all trim rings and coverplates in coordination with other trades and their 
installation schedules. 


P. Tighten and inspect all connections prior to covering devices and reconnect or repair 
wiring as necessary. 


Q. Install all devices plumb and square to structure and adjacent surfaces. 


R. Connect and inspect all ground bonds prior to covering device. 


3.2 IDENTIFICATION 


A. Comply with Section 260553 "Identification for Electrical Systems." 


B. Identify each receptacle with panelboard identification and circuit number. Labeling 
method shall utilize clear adhesive printed labels with black bold letters. 


3.3 FIELD QUALITY CONTROL 


A. Tests for Convenience Receptacles: 
1. Line Voltage: Acceptable range is 105 to 132 V. 


 
2. Using the test plug, verify that the device and its outlet box are securely 


mounted. 


B. Wiring device will be considered defective if it does not pass tests and inspections. 


C. Prepare test and inspection reports. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Receptacles, receptacles with integral GFCI, and associated device plates.

		2. Twist-locking receptacles.

		3. Receptacles with integral surge-suppression units.

		4. Isolated-ground receptacles.

		5. Weather-resistant receptacles.

		6. Snap switches and wall-box dimmers.

		7. Pendant cord-connector devices.

		8. Cord and plug sets.

		9. Floor service outlets, poke-through assemblies, service poles, and multioutlet assemblies.





		1.3 DEFINITIONS

		A. EMI: Electromagnetic interference.

		B. GFCI: Ground-fault circuit interrupter.

		C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

		D. RFI: Radio-frequency interference.

		E. TVSS: Transient voltage surge suppressor.



		1.4 ADMINISTRATIVE REQUIREMENTS

		A. Coordination:

		1. Receptacles for Owner-Furnished Equipment: Match plug configurations.

		2. Cord and Plug Sets: Match equipment requirements.

		3. Verify NEMA configuration with construction documents.





		1.5 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the State of California, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.



		1.6 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following:

		1. Receptacles

		2. Switches

		3. Wiring devices

		4. Accessories

		5. List of legends and description of materials and process used for premarking wall plates.



		B. Closeout Submittals

		1. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.



		C. Maintenance Material Submittals

		1. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		a. Poke-Through, Fire-Rated Closure Plugs:  One for every five floor service outlets installed, but no fewer than two.

		b. TVSS Receptacles:  One for every 10 of each type installed, but no fewer than two of each type.









		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Acceptable manufactures for receptacles, switches, floor service outlets, poke-through assemblies, service poles, and multioutlet assemblies shall be Arrow Hart, Hubbell, Leviton, or Pass and Seymour.

		B. Acceptable manufactures for wall box dimmers shall be Leviton ‘Touch Point’ series, or equal by Lutron.

		C. Source Limitations: Obtain each type of wiring device and associated wall plate from single source from single manufacturer.



		2.2 GENERAL WIRING-DEVICE REQUIREMENTS

		A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

		B. Comply with NFPA 70.

		C. UL listed and suitable for the application.



		2.3 STRAIGHT-BLADE RECEPTACLES

		A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596. 

		1. Description: Straight blade; heavy duty, screw type, side wired.



		B. Isolated-Ground, Duplex Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

		1. Description: Straight blade; heavy duty, screw type, side wired; equipment grounding contacts shall be connected only to the green grounding screw terminal of the device and with inherent electrical isolation from mounting strap. Isolation shall be integral to receptacle construction and not dependent on removable parts.





		2.4 GFCI RECEPTACLES

		A. Duplex GFCI Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.

		1. Description: Straight blade; heavy duty, screw type, side wired, feed-through type. Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection. Capable of detecting a leaking current of 5mA.





		2.5 TVSS RECEPTACLES

		A. General Description: Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 1449, and FS W-C-596, with integral TVSS in line to ground, line to neutral, and neutral to ground.

		1. TVSS Components: Multiple metal-oxide varistors; with a nominal clamp-level rating of 400 V and minimum single transient pulse energy dissipation of 240 J, according to IEEE C62.41.2 and IEEE C62.45.

		2. Active TVSS Indication: Visual and audible, with light visible in face of device to indicate device is "active" or "no longer in service."



		B. Duplex TVSS Convenience Receptacles:

		1. Description: Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R.



		C. Isolated-Ground, Duplex Convenience Receptacles:

		1. Description:

		a. Straight blade, 125 V, 20 A; NEMA WD 6 Configuration 5-20R.

		b. Equipment grounding contacts shall be connected only to the green grounding screw terminal of the device and with inherent electrical isolation from mounting strap. Isolation shall be integral to receptacle construction and not dependent on removable parts.







		2.6 HAZARDOUS (CLASSIFIED) LOCATION RECEPTACLES

		A. Wiring Devices for Hazardous (Classified) Locations: Comply with NEMA FB 11 and UL 1010.



		2.7 TWIST-LOCKING RECEPTACLES

		A. Single Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.

		B. Isolated-Ground, Single Convenience Receptacles, 125 V, 20 A:

		1. Description:

		a. Comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.

		b. Equipment grounding contacts shall be connected only to the green grounding screw terminal of the device and with inherent electrical isolation from mounting strap. Isolation shall be integral to receptacle construction and not dependent on removable parts.







		2.8 PENDANT CORD-CONNECTOR DEVICES

		A. Description:

		1. Matching, locking-type plug and receptacle body connector.

		2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty grade, and FS W-C-596.

		3. Body: Nylon, with screw-open, cable-gripping jaws and provision for attaching external cable grip.

		4. External Cable Grip: Woven wire-mesh type made of high-strength, galvanized-steel wire strand, matched to cable diameter, and with attachment provision designed for corresponding connector.





		2.9 CORD AND PLUG SETS

		A. Description:

		1. Match voltage and current ratings and number of conductors to requirements of equipment being connected.

		2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-insulated grounding conductor and ampacity of at least 130 percent of the equipment rating.

		3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for connection.





		2.10 TOGGLE SWITCHES

		A. Quiet AC type; Comply with NEMA WD 1, UL 20, and FS W-S-896.

		B. Switches, 120/277 V, 20 A:

		1. Single Pole:

		2. Two Pole:

		3. Three Way:

		4. Four Way:



		C. Pilot-Light Switches, 20 A:

		1. Description: Single pole, with neon-lighted handle, illuminated when switch is "off."



		D. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277 V, 20 A; for use with mechanically held lighting contactors.



		2.11 DECORATOR-STYLE DEVICES

		A. Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, and UL 498.

		B. GFCI, Feed-Through Type, Convenience Receptacles: Square face, 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and UL 943 Class A.

		C. Toggle Switches, Square Face, 120/277 V, 20 A: Comply with NEMA WD 1, UL 20, and FS W-S-896.

		D. Lighted Toggle Switches, Square Face, 120 V, 20 A: Comply with NEMA WD 1 and UL 20.

		1. Description: With neon-lighted handle, illuminated when switch is "off."





		2.12 WALL-BOX DIMMERS

		A. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible frequency and EMI/RFI suppression filters.

		B. Control: Continuously adjustable slider; with single-pole or three-way switching. Comply with UL 1472.

		C. Incandescent Lamp Dimmers: 120 V; control shall follow square-law dimming curve. On-off switch positions shall bypass dimmer module.

		1. 1000 W; dimmers shall require no derating when ganged with other devices.



		D. Fluorescent Lamp Dimmer Switches: Modular; compatible with dimmer ballasts; trim potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent dimming with low end not greater than 10 percent of full brightness.



		2.13 WALL PLATES

		A. Single and combination types shall match corresponding wiring devices.

		1. Plate-Securing Screws: Metal with head color to match plate finish (by architect).

		2. Material for Finished Spaces (e.g. lobbies, offices, etc.):  Smooth, high-impact thermoplastic.

		3. Material for Unfinished Spaces (e.g. janitorial, mechanical, laboratory, process, manufacturing, clean room areas, etc.): 0.035-inch- thick, satin-finished, Type 302 stainless steel.

		4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.



		B. Wet-Location, Weatherproof-While-In-Use Spring-loaded Cover Plates: NEMA 250, complying with Type 3R, weather-resistant, die-cast aluminum with lockable cover.



		2.14 FLOOR SERVICE FITTINGS

		A. Type: Modular, flush-type, dual-service units suitable for wiring method used.

		B. Compartments: Barrier separates power from voice and data communication cabling.

		C. Service Plate:  Rectangular, die-cast aluminum with satin finish.

		D. Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise indicated.

		E. Voice and Data Communication Outlet:  Blank cover with bushed cable opening



		2.15 POKE-THROUGH ASSEMBLIES

		A. Description:

		1. Factory-fabricated and -wired assembly of below-floor junction box with multichanneled, through-floor raceway/firestop unit and detachable matching floor service-outlet assembly.

		2. Comply with UL 514 scrub water exclusion requirements.

		3. Service-Outlet Assembly:  Flush type with number of  receptacles indicated on plans and space for four RJ-45 jacks complying with requirements in Section 271500 "Communications Horizontal Cabling."

		4. Size: Selected to fit nominal 4-inch cored holes in floor and matched to floor thickness.

		5. Fire Rating: Unit is listed and labeled for fire rating of floor-ceiling assembly.

		6. Closure Plug: Arranged to close unused 4-inch cored openings and reestablish fire rating of floor.

		7. Wiring Raceways and Compartments: For a minimum of four No. 12 AWG conductors and a minimum of four, four-pair cables that comply with requirements in Section 271500 "Communications Horizontal Cabling."





		2.16 PREFABRICATED MULTIOUTLET ASSEMBLIES

		A. Description:

		1. Two-piece surface metal raceway, with factory-wired multioutlet harness.

		2. Components shall be products from single manufacturer designed for use as a complete, matching assembly of raceways and receptacles.



		B. Raceway Material:  Metal, with manufacturer's standard finish.

		C. Multioutlet Harness:

		1. Receptacles: 15-A, 125-V, NEMA WD 6 Configuration 5-15R receptacles complying with NEMA WD 1, UL 498, and FS W-C-596.

		2. Receptacle Spacing: As indicated on plans.

		3. Wiring: No. 12 AWG solid, Type THHN copper, two circuit, connecting alternating receptacles.





		2.17 SERVICE POLES

		A. Description:

		1. Factory-assembled and -wired units to extend power and voice and data communication from distribution wiring concealed in ceiling to devices or outlets in pole near floor.

		2. Poles: Nominal 2.5-inch- square cross section, with height adequate to extend from floor to at least 6 inches above ceiling, and with separate channels for power wiring and voice and data communication cabling.

		3. Mounting: Ceiling trim flange with concealed bracing arranged for positive connection to ceiling supports; with pole foot and carpet pad attachment.

		4. Finishes:  Manufacturer's standard painted finish and trim combination.

		5. Wiring: Sized for minimum of five No. 12 AWG power and ground conductors and a minimum of four, four-pair, Category 3 or Category 5 voice and data communication cables.

		6. Power Receptacles: Two duplex, 20-A, straight-blade receptacles complying with requirements in this Section.

		7. Voice and Data Communication Outlets:  Blank insert with bushed cable opening complying with requirements in Section 271500 "Communications Horizontal Cabling."





		2.18 FINISHES

		A. Device Color:

		1. Wiring Devices Connected to Normal Power System:  As selected by Architect unless otherwise indicated or required by CEC or device listing.

		2. Wiring Devices Connected to Emergency Power System:  Red.

		3. TVSS Devices: Blue.

		4. Isolated-Ground Receptacles:  As specified above, with orange triangle on face.

		5. Dedicated Receptacles Connected to Normal Power System: Grey

		6. Controlled Receptacles Connected to Normal Power System: As selected by Architect (but different than standard) unless otherwise indicated or required by CEC or device listing.



		B. Wall Plate Color: For plastic covers, as selected by Architect.





		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Installation method of wiring devices shall comply with the latest enforced edition of the National Electrical Code and the authority having jurisdiction.

		B. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.

		C. Coordination with Other Trades:

		1. Protect installed devices and their boxes. Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.

		2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.

		3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.

		4. Install wiring devices after all wall preparation, including painting, is complete.



		D. Conductors:

		1. Do not strip insulation from conductors until right before they are spliced or terminated on devices.

		2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded wire.

		3. The length of free conductors at outlets for devices shall meet provisions of CEC, Article 300, without pigtails.



		E. Install all devices in accordance with the manufacturer’s recommendations and requirements.

		F. Device Installation:

		1. Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.

		2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.

		3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.

		4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.

		5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.

		6. Use a torque screwdriver when a torque is recommended or required by manufacturer.

		7. When conductors larger than No. 12 AWG are installed on 20-A circuits, splice No. 12 AWG pigtails for device connections.

		8. Tighten unused terminal screws on the device.

		9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.

		10. Weathertight devices to be gasketed in cast metal boxes.



		G. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening. Provide single, combination plates at all ganged device locations.

		H. Dimmers:

		1. Install dimmers within terms of their listing.

		2. Verify that dimmers used for fan speed control are listed for that application.

		3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.



		I. Contractor shall verify installation orientation of duplex outlets (ground pin up or down) with Owner’s representative prior to installation.

		J. Coordinate device mounting height, location and type with architectural and interior drawings.  Coordinate with other trades to identify conflicts with device locations and notify the Engineer of any conflicts.

		K. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical. Group adjacent switches under single, multigang wall plates.

		L. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.

		M. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

		N. Install devices only in clean boxes.

		O. Install all trim rings and coverplates in coordination with other trades and their installation schedules.

		P. Tighten and inspect all connections prior to covering devices and reconnect or repair wiring as necessary.

		Q. Install all devices plumb and square to structure and adjacent surfaces.

		R. Connect and inspect all ground bonds prior to covering device.



		3.2 IDENTIFICATION

		A. Comply with Section 260553 "Identification for Electrical Systems."

		B. Identify each receptacle with panelboard identification and circuit number. Labeling method shall utilize clear adhesive printed labels with black bold letters.



		3.3 FIELD QUALITY CONTROL

		A. Tests for Convenience Receptacles:

		1. Line Voltage: Acceptable range is 105 to 132 V.

		2. Using the test plug, verify that the device and its outlet box are securely mounted.



		B. Wiring device will be considered defective if it does not pass tests and inspections.

		C. Prepare test and inspection reports.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Cartridge fuses rated 600 V ac and less for use in the following: 


a. Control circuits. 
b. Enclosed controllers. 
c. Enclosed switches. 


2. Spare-fuse cabinets. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. Include construction details, material de-
scriptions, dimensions of individual components and profiles, and finishes for spare-
fuse cabinets. Include the following for each fuse type indicated: 
1. Ambient Temperature Adjustment Information: If ratings of fuses have been 


adjusted to accommodate ambient temperatures, provide list of fuses with 
adjusted ratings. 
a. For each fuse having adjusted ratings, include location of fuse, orig-


inal fuse rating, local ambient temperature, and adjusted fuse rating. 
b. Provide manufacturer's technical data on which ambient tempera-


ture adjustment calculations are based. 
2. Dimensions and manufacturer's technical data on features, performance, 


electrical characteristics, and ratings. 
3. Coordination charts and tables and related data. 
4. Fuse sizes for elevator feeders and elevator disconnect switches. 


1.4 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For fuses to include in emergency, operation, and 
maintenance manuals. In addition to items specified in Section 017823 "Operation 
and Maintenance Data," include the following: 
1. Ambient temperature adjustment information. 
2. Current-limitation curves for fuses with current-limiting characteristics. 
3. Time-current coordination curves (average melt) and current-limitation 


curves (instantaneous peak let-through current) for each type and rating of 
fuse used on the Project. Submit in electronic format suitable for use in co-
ordination software and in PDF format. 


4. Coordination charts and tables and related data. 


1.5 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Fuses: Equal to 10 percent of quantity installed for each size and type, but 


no fewer than three of each size and type. 
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1.6 FIELD CONDITIONS 


A. Where ambient temperature to which fuses are directly exposed is less than 40 
deg F or more than 100 deg F, apply manufacturer's ambient temperature adjust-
ment factors to fuse ratings. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Bussmann, an Eaton business. 
2. Gould-Shawmut 


B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from 
single source from single manufacturer. 


2.2 CARTRIDGE FUSES 


A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with 
voltage ratings consistent with circuit voltages. 
1. Type RK-5:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
2. Type RK-1:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay. 
3. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting , time delay. 
4. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay. 


B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and applica-
tion. 


C. Comply with NEMA FU 1 for cartridge fuses. 


D. Comply with CEC. 


E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum 
fuse size and with system short-circuit current levels. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine fuses before installation. Reject fuses that are moisture damaged or physi-
cally damaged. 


B. Examine holders to receive fuses for compliance with installation tolerances and 
other conditions affecting performance, such as rejection features. 


C. Examine utilization equipment nameplates and installation instructions. Install fuses 
of sizes and with characteristics appropriate for each piece of equipment. 


D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must 
be applied to fuse ratings. 







SAN DIEGO STATE UNIVERSITY               SECTION 262813 
EIS COMPLEX                          FUSES 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 262813 - 3 Michael Wall Engineering 


E. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 FUSE APPLICATIONS 


A. Cartridge Fuses: 
1. Feeders:  Class RK1, time delay. 
2. Motor Branch Circuits:  Class RK5, time delay. 
3. Large Motor Branch (601-4000 A): Class L, time delay. 
4. Other Branch Circuits:  Class RK5, time delay. 
5. Control Transformer Circuits: Class CC, time delay, control transformer duty. 


3.3 INSTALLATION 


A. Install fuses in fusible devices. Arrange fuses so rating information is readable with-
out removing fuse. 


3.4 IDENTIFICATION 


A. Install labels complying with requirements for identification specified in Sec-
tion 260553 "Identification for Electrical Systems" and indicating fuse replacement 
information inside of door of each fused switch and adjacent to each fuse block, 
socket, and holder. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Cartridge fuses rated 600 V ac and less for use in the following:

		a. Control circuits.

		b. Enclosed controllers.

		c. Enclosed switches.



		2. Spare-fuse cabinets.





		1.3 ACTION SUBMITTALS

		A. Product Data: For each type of product. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for spare-fuse cabinets. Include the following for each fuse type indicated:

		1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to accommodate ambient temperatures, provide list of fuses with adjusted ratings.

		a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, local ambient temperature, and adjusted fuse rating.

		b. Provide manufacturer's technical data on which ambient temperature adjustment calculations are based.



		2. Dimensions and manufacturer's technical data on features, performance, electrical characteristics, and ratings.

		3. Coordination charts and tables and related data.

		4. Fuse sizes for elevator feeders and elevator disconnect switches.





		1.4 CLOSEOUT SUBMITTALS

		A. Operation and Maintenance Data: For fuses to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		1. Ambient temperature adjustment information.

		2. Current-limitation curves for fuses with current-limiting characteristics.

		3. Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak let-through current) for each type and rating of fuse used on the Project. Submit in electronic format suitable for use in coordination software and in PDF format.

		4. Coordination charts and tables and related data.





		1.5 MAINTENANCE MATERIAL SUBMITTALS

		A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.





		1.6 FIELD CONDITIONS

		A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F or more than 100 deg F, apply manufacturer's ambient temperature adjustment factors to fuse ratings.





		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Bussmann, an Eaton business.

		2. Gould-Shawmut



		B. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source from single manufacturer.



		2.2 CARTRIDGE FUSES

		A. Characteristics: NEMA FU 1, current-limiting, nonrenewable cartridge fuses with voltage ratings consistent with circuit voltages.

		1. Type RK-5:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay.

		2. Type RK-1:  250 or 600-V, zero- to 600-A rating, 200 kAIC, time delay.

		3. Type CC: 600-V, zero- to 30-A rating, 200 kAIC, fast acting , time delay.

		4. Type L: 600-V, 601- to 6000-A rating, 200 kAIC, time delay.



		B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		C. Comply with NEMA FU 1 for cartridge fuses.

		D. Comply with CEC.

		E. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with system short-circuit current levels.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine fuses before installation. Reject fuses that are moisture damaged or physically damaged.

		B. Examine holders to receive fuses for compliance with installation tolerances and other conditions affecting performance, such as rejection features.

		C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes and with characteristics appropriate for each piece of equipment.

		D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse ratings.

		E. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 FUSE APPLICATIONS

		A. Cartridge Fuses:

		1. Feeders:  Class RK1, time delay.

		2. Motor Branch Circuits:  Class RK5, time delay.

		3. Large Motor Branch (601-4000 A): Class L, time delay.

		4. Other Branch Circuits:  Class RK5, time delay.

		5. Control Transformer Circuits: Class CC, time delay, control transformer duty.





		3.3 INSTALLATION

		A. Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse.



		3.4 IDENTIFICATION

		A. Install labels complying with requirements for identification specified in Section 260553 "Identification for Electrical Systems" and indicating fuse replacement information inside of door of each fused switch and adjacent to each fuse block, socket, and holder.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Fusible switches. 
2. Nonfusible switches. 
3. Shunt trip switches. 
4. Molded-case circuit breakers (MCCBs). 
5. Enclosures. 


1.3 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the 
effects of earthquake motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the unit will remain in place without separation 


of any parts from the device when subjected to the seismic forces specified." 


1.4 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent 
protective devices, components, and accessories, within same product category, 
from single source from single manufacturer. 


E. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
enclosed switches and circuit breakers, including clearances between enclosures, 
and adjacent surfaces and other items. Comply with indicated maximum 
dimensions. 
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F. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


G. Comply with CEC. 


1.5 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Action Submittals 
1. Product Data: For each type of enclosed switch, circuit breaker, accessory, 


and component indicated. Include dimensioned elevations, sections, 
weights, and manufacturers' technical data on features, performance, 
electrical characteristics, ratings, accessories, and finishes. 
a. Enclosure types and details for types other than NEMA 250, Type 1. 
b. Current and voltage ratings. 
c. Short-circuit current ratings (interrupting and withstand, as 


appropriate). 
d. Detail features, characteristics, ratings, and factory settings of 


individual overcurrent protective devices, accessories, and auxiliary 
components. 


e. Include time-current coordination curves (average melt) for each 
type and rating of overcurrent protective device; include selectable 
ranges for each type of overcurrent protective device. 


2. Shop Drawings: For enclosed switches and circuit breakers. Include plans, 
elevations, sections, details, and attachments to other work. 
a. Wiring Diagrams: For power, signal, and control wiring. 


C. Information Submittals 
1. Seismic Qualification Certificates: For enclosed switches and circuit 


breakers, accessories, and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


D. Closeout Submittals 
1. Operation and Maintenance Data: For enclosed switches and circuit 


breakers to include in emergency, operation, and maintenance manuals. In 
addition to items specified in Section 017823 "Operation and Maintenance 
Data," include the following: 
a. Manufacturer's written instructions for testing and adjusting 


enclosed switches and circuit breakers. 
b. Time-current coordination curves (average melt) for each type and 


rating of overcurrent protective device; include selectable ranges for 
each type of overcurrent protective device. 
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1.6 COORDINATION 


A. Coordinate layout and installation of switches, circuit breakers, and components with 
equipment served and adjacent surfaces. Maintain required workspace clearances 
and required clearances for equipment access doors and panels. 


PART 2 - PRODUCTS 


2.1 FUSIBLE AND NON-FUSIBLE SWITCHES 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.   


B. Disconnects shall NEMA 1, indoor type, or rated for the locations in which they are 
installed or as noted on the construction documents. 


C. Disconnects shall be UL listed and suitable for the application. 


D. Disconnects in exterior, wet, cold, warm, or hot environments shall be raintight, have 
raintight hubs, and be rated NEMA 3R. 


E. Disconnects shall be heavy-duty type, rated 600V with current capacity as noted on 
the construction documents.  Verify NEMA configuration with construction 
documents. 


F. Disconnects shall have hinged, lockable, dead-front doors with permanently marked 
ON/OFF indicators.  Enclosures shall be baked enamel factory painted steel with 
conduit knockouts. 


G. Disconnects shall be operated by a handle accessible from the exterior of the 
enclosure. Handles shall have provision to be padlocked in the OFF position. 


H. All current carrying parts shall be high conductivity copper designed to carry rated 
load without damage from heat and plated to resist corrosion. 


I. Switch mechanism shall be a quick-make, quick-break type such that the operation 
of the contact is unrestrained by the handle during the closing or opening operation. 


J. Switches shall have a minimum fault current rating of 200,000A RMS. 


K. All switches shall be fused unless specifically noted otherwise. 


L. The disconnect door cover shall have an interlocking mechanism to prevent opening 
the cover when the switch is in the ON position. 


M. Accessories: 
1. Equipment Ground Kit: Internally mounted and labeled for copper and 


aluminum ground conductors. 
2. Neutral Kit: Internally mounted; insulated, capable of being grounded and 


bonded; labeled for copper and aluminum neutral conductors. 
3. Isolated Ground Kit: Internally mounted; insulated, capable of being 


grounded and bonded; labeled for copper and aluminum neutral conductors. 
4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses 


are specified. 
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5. Auxiliary Contact Kit:  One NO/NC (Form "C") auxiliary contact(s), arranged 
to activate before switch blades open. 


6. Hookstick Handle: Allows use of a hookstick to operate the handle. 
7. Lugs:  Mechanical type, suitable for number, size, and conductor material. 


N. Provide built-in fuse pullers. 


2.2 SHUNT TRIP SWITCHES 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.   


B. General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with 200-kA 
interrupting and short-circuit current rating when fitted with Class J fuses. 


C. Switches: Three-pole, horsepower rated, with integral shunt trip mechanism and 
Class J fuse block; lockable handle with capability to accept three padlocks; 
interlocked with cover in closed position. 


D. Control Circuit: 120-V ac; obtained from integral control power transformer, with 
primary and secondary fuses, with a control power transformer of enough capacity 
to operate shunt trip, connected pilot, and indicating and control devices. 


E. Accessories: 
1. Oiltight key switch for key-to-test function. 
2. Oiltight red ON pilot light. 
3. Mechanically interlocked auxiliary contacts that change state when switch is 


opened and closed. 
4. Form C alarm contacts that change state when switch is tripped. 
5. Three-pole, double-throw, fire-safety and alarm relay; 24-V dc coil voltage. 
6. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with 


NFPA 72. 


2.3 MOLDED-CASE CIRCUIT BREAKERS 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.   


B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with 
interrupting capacity to comply with available fault currents. 


C. Frame Size 400A and less: Thermal-Magnetic Circuit Breakers: Inverse time-current 
element for low-level overloads and instantaneous magnetic trip element for short 
circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and 
larger. 


D. Frame Size more than 400A: Electronic Trip Circuit Breakers: Field-replaceable 
rating plug, rms sensing, with the following field-adjustable settings: 
1. Instantaneous trip. 
2. Long- and short-time pickup levels. 
3. Long- and short-time time adjustments. 
4. Ground-fault pickup level, time delay, and I2t response. 


E. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole 
configurations with Class A ground-fault protection (6-mA trip). 
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F. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-
fault protection (30-mA trip). 


G. Features and Accessories: 
1. Standard frame sizes, trip ratings, and number of poles. 
2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor 


material. 
3. Application Listing: Appropriate for application; Type SWD for switching 


fluorescent lighting loads; Type HID for feeding fluorescent and high-
intensity discharge lighting circuits. 


4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-
powered type with mechanical ground-fault indicator; relay with adjustable 
pickup and time-delay settings, push-to-test feature, internal memory, and 
shunt trip unit; and three-phase, zero-sequence current transformer/sensor. 


5. Communication Capability:  Integral communication module with functions 
and features compatible with power monitoring and control system, 
specified in Section 260913 "Electrical Power Monitoring and Control." 


6. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing 
contact. 


7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage 
without intentional time delay. 


8. Auxiliary Contacts:  One SPDT switch with "a" and "b" contacts; "a" contacts 
mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-
breaker contacts. 


9. Alarm Switch: One NO contact that operates only when circuit breaker has 
tripped. 


10. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; 
key shall be removable only when circuit breaker is in off position. 


2.4 ENCLOSURES 


A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.   


B. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and 
UL 50, to comply with environmental conditions at installed location. 
1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 
2. Outdoor Locations: NEMA 250, Type 3R. 
3.  Wash-Down Areas: NEMA 250, Type 4X, stainless steel. 
4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4. 
5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive 


Liquids: NEMA 250, Type 12. 


PART 3 - EXECUTION 


3.1 INSTALLATION 


A. Installation method of disconnects shall comply with the latest enforced edition of the 
National Electrical Code and the authority having jurisdiction. 


B. Install all disconnects in accordance with the manufacturer’s recommendations and 
requirements. 


C. Comply with NECA 1. 
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D. Coordinate disconnect mounting height, location and type with architectural, 
mechanical, and interior drawings.  Coordinate with other trades to identify conflicts 
with device locations and notify the Engineer of any conflicts.  Mount switches per 
the CEC above finished floor unless noted otherwise. 


E. Install individual wall-mounted switches and circuit breakers with tops at uniform 
height unless otherwise indicated. 


F. Comply with mounting and anchoring requirements specified in Section 260548.16 
"Seismic Controls for Electrical Systems." 


G. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and 
brackets and temporary blocking of moving parts from enclosures and components. 


H. Provide suitable galvanized metal strut framework where no wall or structure is 
available for the mounting of disconnects. 


I. Provide flexible conduit connections for disconnects mounted to strut framework, 
motors, or vibrating equipment. 


J. Comply with requirements in Section 260553 "Identification for Electrical Systems." 
1. Identify field-installed conductors, interconnecting wiring, and components; 


provide warning signs. 
2. Label each enclosure with engraved metal or laminated-plastic nameplate. 


K. Tighten and inspect all connections and reconnect or repair wiring as necessary. 


L. Install all disconnects plumb and square to structure and adjacent surfaces. 


M. Provide and install all fuses sized per the equipment manufacturer’s 
recommendation. 


3.2 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 
1. Manufacturer's Field Service: Engage a factory-authorized service 


representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 


B. Acceptance Testing Preparation: 
1. Test insulation resistance for each enclosed switch and circuit breaker, 


component, connecting supply, feeder, and control circuit. 
2. Test continuity of each circuit. 


C. Tests and Inspections: 
1. Perform each visual and mechanical inspection and electrical test stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 


2. Correct malfunctioning units on-site, where possible, and retest to 
demonstrate compliance; otherwise, replace with new units and retest. 


D. Enclosed switches and circuit breakers will be considered defective if they do not 
pass tests and inspections. 
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E. Prepare test and inspection reports, including a certified report that identifies 
enclosed switches and circuit breakers and that describes scanning results. Include 
notation of deficiencies detected, remedial action taken, and observations after 
remedial action. 


3.3 ADJUSTING 


A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer. 


B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 
"Overcurrent Protective Device Coordination Study." 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section Includes:

		1. Fusible switches.

		2. Nonfusible switches.

		3. Shunt trip switches.

		4. Molded-case circuit breakers (MCCBs).

		5. Enclosures.





		1.3 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."





		1.4 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.

		D. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source from single manufacturer.

		E. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated maximum dimensions.

		F. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		G. Comply with CEC.



		1.5 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review.

		B. Action Submittals

		1. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings, accessories, and finishes.

		a. Enclosure types and details for types other than NEMA 250, Type 1.

		b. Current and voltage ratings.

		c. Short-circuit current ratings (interrupting and withstand, as appropriate).

		d. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.

		e. Include time-current coordination curves (average melt) for each type and rating of overcurrent protective device; include selectable ranges for each type of overcurrent protective device.



		2. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, details, and attachments to other work.

		a. Wiring Diagrams: For power, signal, and control wiring.





		C. Information Submittals

		1. Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.





		D. Closeout Submittals

		1. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		a. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers.

		b. Time-current coordination curves (average melt) for each type and rating of overcurrent protective device; include selectable ranges for each type of overcurrent protective device.







		1.6 COORDINATION

		A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.





		PART 2 - PRODUCTS

		2.1 FUSIBLE AND NON-FUSIBLE SWITCHES

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.  

		B. Disconnects shall NEMA 1, indoor type, or rated for the locations in which they are installed or as noted on the construction documents.

		C. Disconnects shall be UL listed and suitable for the application.

		D. Disconnects in exterior, wet, cold, warm, or hot environments shall be raintight, have raintight hubs, and be rated NEMA 3R.

		E. Disconnects shall be heavy-duty type, rated 600V with current capacity as noted on the construction documents.  Verify NEMA configuration with construction documents.

		F. Disconnects shall have hinged, lockable, dead-front doors with permanently marked ON/OFF indicators.  Enclosures shall be baked enamel factory painted steel with conduit knockouts.

		G. Disconnects shall be operated by a handle accessible from the exterior of the enclosure. Handles shall have provision to be padlocked in the OFF position.

		H. All current carrying parts shall be high conductivity copper designed to carry rated load without damage from heat and plated to resist corrosion.

		I. Switch mechanism shall be a quick-make, quick-break type such that the operation of the contact is unrestrained by the handle during the closing or opening operation.

		J. Switches shall have a minimum fault current rating of 200,000A RMS.

		K. All switches shall be fused unless specifically noted otherwise.

		L. The disconnect door cover shall have an interlocking mechanism to prevent opening the cover when the switch is in the ON position.

		M. Accessories:

		1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.

		2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.

		3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.

		4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.

		5. Auxiliary Contact Kit:  One NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.

		6. Hookstick Handle: Allows use of a hookstick to operate the handle.

		7. Lugs:  Mechanical type, suitable for number, size, and conductor material.



		N. Provide built-in fuse pullers.



		2.2 SHUNT TRIP SWITCHES

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.  

		B. General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with 200-kA interrupting and short-circuit current rating when fitted with Class J fuses.

		C. Switches: Three-pole, horsepower rated, with integral shunt trip mechanism and Class J fuse block; lockable handle with capability to accept three padlocks; interlocked with cover in closed position.

		D. Control Circuit: 120-V ac; obtained from integral control power transformer, with primary and secondary fuses, with a control power transformer of enough capacity to operate shunt trip, connected pilot, and indicating and control devices.

		E. Accessories:

		1. Oiltight key switch for key-to-test function.

		2. Oiltight red ON pilot light.

		3. Mechanically interlocked auxiliary contacts that change state when switch is opened and closed.

		4. Form C alarm contacts that change state when switch is tripped.

		5. Three-pole, double-throw, fire-safety and alarm relay; 24-V dc coil voltage.

		6. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA 72.





		2.3 MOLDED-CASE CIRCUIT BREAKERS

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.  

		B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.

		C. Frame Size 400A and less: Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

		D. Frame Size more than 400A: Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:

		1. Instantaneous trip.

		2. Long- and short-time pickup levels.

		3. Long- and short-time time adjustments.

		4. Ground-fault pickup level, time delay, and I2t response.



		E. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).

		F. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault protection (30-mA trip).

		G. Features and Accessories:

		1. Standard frame sizes, trip ratings, and number of poles.

		2. Lugs:  Mechanical type, suitable for number, size, trip ratings, and conductor material.

		3. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.

		4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-sequence current transformer/sensor.

		5. Communication Capability:  Integral communication module with functions and features compatible with power monitoring and control system, specified in Section 260913 "Electrical Power Monitoring and Control."

		6. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.

		7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional time delay.

		8. Auxiliary Contacts:  One SPDT switch with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.

		9. Alarm Switch: One NO contact that operates only when circuit breaker has tripped.

		10. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be removable only when circuit breaker is in off position.





		2.4 ENCLOSURES

		A. Acceptable manufacturers shall be Siemens, Eaton, or Square D.  

		B. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.

		1. Indoor, Dry and Clean Locations: NEMA 250, Type 1.

		2. Outdoor Locations: NEMA 250, Type 3R.

		3.  Wash-Down Areas: NEMA 250, Type 4X, stainless steel.

		4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.

		5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA 250, Type 12.







		PART 3 - EXECUTION

		3.1 INSTALLATION

		A. Installation method of disconnects shall comply with the latest enforced edition of the National Electrical Code and the authority having jurisdiction.

		B. Install all disconnects in accordance with the manufacturer’s recommendations and requirements.

		C. Comply with NECA 1.

		D. Coordinate disconnect mounting height, location and type with architectural, mechanical, and interior drawings.  Coordinate with other trades to identify conflicts with device locations and notify the Engineer of any conflicts.  Mount switches per the CEC above finished floor unless noted otherwise.

		E. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.

		F. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."

		G. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.

		H. Provide suitable galvanized metal strut framework where no wall or structure is available for the mounting of disconnects.

		I. Provide flexible conduit connections for disconnects mounted to strut framework, motors, or vibrating equipment.

		J. Comply with requirements in Section 260553 "Identification for Electrical Systems."

		1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.

		2. Label each enclosure with engraved metal or laminated-plastic nameplate.



		K. Tighten and inspect all connections and reconnect or repair wiring as necessary.

		L. Install all disconnects plumb and square to structure and adjacent surfaces.

		M. Provide and install all fuses sized per the equipment manufacturer’s recommendation.



		3.2 FIELD QUALITY CONTROL

		A. Perform tests and inspections.

		1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.



		B. Acceptance Testing Preparation:

		1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.

		2. Test continuity of each circuit.



		C. Tests and Inspections:

		1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.



		D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.

		E. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.



		3.3 ADJUSTING

		A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.

		B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent Protective Device Coordination Study."
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section includes the following enclosed controllers rated 600 V and less: 
1. Full-voltage manual. 
2. Full-voltage magnetic. 


1.3 DEFINITIONS 


A. CPT: Control power transformer. 


B. MCCB: Molded-case circuit breaker. 


C. MCP: Motor circuit protector. 


D. N.C.: Normally closed. 


E. N.O.: Normally open. 


F. OCPD: Overcurrent protective device. 


G. SCR: Silicon-controlled rectifier. 


1.4 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Enclosed controllers shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the unit will remain in place without separation 


of any parts from the device when subjected to the seismic forces specified." 


1.5 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 
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C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Testing Agency Qualifications: Member company of NETA or an NRTL. 
1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise 


on-site testing. 


E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


F. Comply with CEC. 


G. IEEE Compliance: Fabricate and test enclosed controllers according to IEEE 344 to 
withstand seismic forces defined in Section 260548.16 "Seismic Controls for 
Electrical Systems." 


1.6 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review. 


B. Action Submittals 
1. Product Data: For each type of enclosed controller. Include manufacturer's 


technical data on features, performance, electrical characteristics, ratings, 
and enclosure types and finishes. 


2. Shop Drawings: For each enclosed controller. Include dimensioned plans, 
elevations, sections, details, and required clearances and service spaces 
around controller enclosures. 
a. Show tabulations of the following: 


1) Each installed unit's type and details. 
2) Factory-installed devices. 
3) Nameplate legends. 
4) Short-circuit current rating of integrated unit. 


b. Wiring Diagrams: For power, signal, and control wiring. 


C. Informational Submittals 
1. Seismic Qualification Certificates: For enclosed controllers, accessories, 


and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


2. Field quality-control reports. 
3. Load-Current and List of Settings of Adjustable Overload Relays: Compile 


after motors have been installed, and arrange to demonstrate that switch 
settings for motor running overload protection suit actual motors to be 
protected. 
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D. Closeout Submittals 
1. Operation and Maintenance Data: For enclosed controllers to include in 


emergency, operation, and maintenance manuals. In addition to items 
specified in Section 017823 "Operation and Maintenance Data," include the 
following: 
a. Routine maintenance requirements for enclosed controllers and 


installed components. 
b. Manufacturer's written instructions for setting field-adjustable 


overload relays. 
c. Manufacturer's written instructions for testing, adjusting, and 


reprogramming reduced-voltage solid-state controllers. 


E. Materials Maintenance Submittals 
1. Furnish extra materials that match products installed and that are packaged 


with protective covering for storage and identified with labels describing 
contents. 
a. Fuses for Fused Switches: Equal to 10 percent of quantity installed 


for each size and type, but no fewer than three of each size and 
type. 


b. Control Power Fuses: Equal to 10 percent of quantity installed for 
each size and type, but no fewer than two of each size and type. 


c. Indicating Lights:  Two of each type and color installed. 
d. Auxiliary Contacts: Furnish one spare(s) for each size and type of 


magnetic controller installed. 
e. Power Contacts: Furnish three spares for each size and type of 


magnetic contactor installed. 


1.7 FACTORY TESTING 


A. Factory testing shall be provided for all motor control centers. 


B. Factory test results shall be provided to the Engineer and Owner's Representative 
for review prior to shipment of motor control center. 


C. All factory tests shall be made in strict accordance with ANSI and NEMA standards 
and shall be certified in writing. 


D. All factory tests shall be available to be witnessed by the Owner's Representative, 
Consulting Engineer and Contractor at the factory upon advance request.  
Transportation, lodging and food shall be provided by the Contractor or 
Manufacturer.  The schedule for witness testing shall be negotiated with the Owner's 
Representative 


1.8 WARRANTY 


A. Contractor shall guarantee equipment and installation free from defects in materials 
and workmanship for a period of one (1) year from the date of installation. 


1.9 MANUFACTURERS 


A. Manufacturers of the integrated Motor Control Center shall be Square-D, Eaton, or 
Siemens. 
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PART 2 - PRODUCTS 


2.1 FULL-VOLTAGE CONTROLLERS 


A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, 
general purpose, Class A. 


B. Motor-Starting Switches: "Quick-make, quick-break" toggle or push-button action; 
marked to show whether unit is off or on. 
1. Products: Subject to compliance with requirement, available products that 


may be incorporated into the Work include the following: 
a. Square-D 
b. Eaton 
c. Siemens. 


2. Configuration:  Nonreversing. 
3. Surface mounting. 
4. Red pilot light. 


C. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or 
push-button action; marked to show whether unit is off, on, or tripped. 
1. Products: Subject to compliance with requirement, available products that 


may be incorporated into the Work include the following: 
a. Square-D 
b. Eaton 
c. Siemens. 


2. Configuration:  Nonreversing. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, 


Class 10 tripping characteristics; heaters matched to nameplate full-load 
current of actual protected motor; external reset push button; bimetallic type. 


4.  Surface mounting. 
5. Red pilot light. 


D. Integral Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-
button action; marked to show whether unit is off, on, or tripped. 
1. Products: Subject to compliance with requirement, available products that 


may be incorporated into the Work include the following: 
a. Square-D 
b. Eaton 
c. Siemens. 


2. Configuration:  Nonreversing. 
3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, 


Class 10 tripping characteristics; heaters and sensors in each phase, 
matched to nameplate full-load current of actual protected motor and having 
appropriate adjustment for duty cycle; external reset push button; bimetallic 
type. 


4.  Surface mounting. 
5. Red pilot light. 
6. N.O. and N.C. auxiliary contact. 


E. Magnetic Controllers: Full voltage, across the line, electrically held. 
1. Products: Subject to compliance with requirement, available products that 


may be incorporated into the Work include the following: 
a. Square-D 
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b. Eaton 
c. Siemens. 


2. Configuration:  Nonreversing. 
3. Contactor Coils: Pressure-encapsulated type. 


a. Operating Voltage: Depending on contactor NEMA size and line-
voltage rating, manufacturer's standard matching control power or 
line voltage. 


4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; 
assembled to allow inspection and replacement without disturbing line or 
load wiring. 


5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and 
secondary fuses, with CPT of sufficient capacity to operate integral devices 
and remotely located pilot, indicating, and control devices. 
a. CPT Spare Capacity:  100 VA. 


6. Bimetallic Overload Relays: 
a. Inverse-time-current characteristic. 
b. Class 20 tripping characteristic. 
c. Heaters in each phase matched to nameplate full-load current of 


actual protected motor and with appropriate adjustment for duty 
cycle. 


d. Ambient compensated. 
e. Automatic resetting. 


7. N.C. and N.O., isolated overload alarm contact. 
8. External overload reset push button. 


F. Combination Magnetic Controller: Factory-assembled combination of magnetic 
controller, OCPD, and disconnecting means. 
1. Products: Subject to compliance with requirement, available products that 


may be incorporated into the Work include the following: 
a. Square-D 
b. Eaton 
c. Siemens. 


2. Fusible Disconnecting Means: 
a. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips 


or bolt pads to accommodate Class R fuses. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover 


in closed position. 
3. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades 


open. 
4. Nonfusible Disconnecting Means: 


a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle: Accepts three padlocks and interlocks with cover 


in closed position. 
c. Auxiliary Contacts: N.O./N.C., arranged to activate before switch 


blades open. 
5. MCP Disconnecting Means: 


a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to 
comply with available fault currents, instantaneous-only circuit 
breaker with front-mounted, field-adjustable, short-circuit trip 
coordinated with motor locked-rotor amperes. 


b. Lockable Handle: Accepts three padlocks and interlocks with cover 
in closed position. 


c. Auxiliary contacts "a" and "b" arranged to activate with MCP handle. 
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d. N.C. and N.O. alarm contact that operates only when MCP has 
tripped. 


e. Current-limiting module to increase controller short-circuit current 
(withstand) rating to 100 kA. 


6. MCCB Disconnecting Means: 
a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to 


comply with available fault currents; thermal-magnetic MCCB, with 
inverse time-current element for low-level overloads and 
instantaneous magnetic trip element for short circuits. 


b. Front-mounted, adjustable magnetic trip setting for circuit-breaker 
frame sizes 250 A and larger. 


c. Lockable Handle: Accepts three padlocks and interlocks with cover 
in closed position. 


d. Auxiliary contacts "a" and "b" arranged to activate with MCCB 
handle. 


e. N.C. and N.O. alarm contact that operates only when MCCB has 
tripped. 


2.2 ENCLOSURES 


A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at 
installed location. 
1. Dry and Clean Indoor Locations:  Type 1. 
2. Outdoor Locations:  Type 3R. 
3. Wash-Down Areas:  Type 4X, stainless steel. 
4. Other Wet or Damp Indoor Locations:  Type 4. 
5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive 


Liquids: Type 12. 


2.3 ACCESSORIES 


A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory 
installed in controller enclosure cover unless otherwise indicated. 
1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy-duty, type. 


a. Push Buttons:  Lockable types; as indicated. 
b. Pilot Lights:  LED types; colors as indicated. 
c. Selector Switches:  Rotary type. 


B. N.C. and N.O. auxiliary contact(s). 


C. Control Relays: Auxiliary and adjustable time-delay relays. 


D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-
state sensing circuit with isolated output contacts for hard-wired connections. 
Provide adjustable undervoltage, overvoltage, and time-delay settings. 


E. Cover gaskets for Type 1 enclosures. 
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PART 3 - EXECUTION 


3.1 FIELD QUALITY CONTROL 


A. Inspect installation and equipment for physical damage, proper alignment, 
anchorage, grounding, and completeness. 


B. Check continuity of all circuits. 


C. Check polarity and phasing of bussing. 


D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, 
CEC, and UL standards. 


E. Check tightness of all bolted connections. 


F. Check nameplates and identification. 


G. The Contractor shall protect all equipment during shipping, delivery, storage, 
installations and at all times during construction.  Motor control centers or their 
components shall not be exposed to weather, moisture, dust, dirt, debris or damage 
during construction (unless specifically rated for conditions). 


3.2 COORDINATION 


A. Coordinate layout and installation of enclosed controllers with other construction 
including conduit, piping, equipment, and adjacent surfaces. Maintain required 
workspace clearances and required clearances for equipment access doors and 
panels. 


B. Coordinate sizes and locations of concrete bases with actual equipment provided. 
Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork 
requirements are specified with concrete. 


C. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 


3.3 EXAMINATION 


A. Examine areas and surfaces to receive enclosed controllers, with Installer present, 
for compliance with requirements and other conditions affecting performance of the 
Work. 


B. Examine enclosed controllers before installation. Reject enclosed controllers that are 
wet, moisture damaged, or mold damaged. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.4 INSTALLATION 


A. Install Motor Control Center in accordance with manufacturer's written instructions, 
NEMA standards, CEC requirements and any State or Owner requirements. 


B. Comply with NECA 1. 
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C. Provide clean, level surface for installation with suitable structural strength.  Verify 
compliance with Seismic Design Category D requirements. 


D. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform 
height unless otherwise indicated, and by bolting units to wall or mounting on 
lightweight structural-steel channels bolted to wall. For controllers not at walls, 
provide freestanding racks complying with Section 260529 "Hangers and Supports 
for Electrical Systems." 


E. Seismic Bracing: Comply with requirements specified in Section 260548.16 "Seismic 
Controls for Electrical Systems." 


F. Coordinate fuse type, fuse size, circuit breaker ratings, circuit breaker settings with 
available fault current, coordination study, and short circuit study.  Install all fuses 
necessary. 


G. Install fuses in each fusible-switch enclosed controller. 


H. Install fuses in control circuits if not factory installed. Comply with requirements in 
Section 262813 "Fuses." 


I. Install heaters in thermal overload relays. Select heaters based on actual nameplate 
full-load amperes after motors have been installed. 


J. Identify enclosed controllers, components, and control wiring. Comply with 
requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 
1. Identify field-installed conductors, interconnecting wiring, and components; 


provide warning signs. 
2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 


K. Provide ground continuity through means of driven ground rods, bonding to building 
steel, or bonding to building grounding electrode. 


L. Install device handles to a height no greater than allowed by CEC or governing 
authority. 


M. Coordinate installation and schedule with all other trades and Owner's 
Representative. 


N. The Contractor shall coordinate all components including their arrangement 
electrically and mechanically. 


O. The Contractor shall coordinate conduit entrances including method of entrance and 
connections. 


P. The Contractor shall coordinate with all other trades necessary to provide a 
complete, proper installation.  Grades, piping, structure, ducting, etc. shall be 
carefully reviewed by the Contractor prior to installation. 







SAN DIEGO STATE UNIVERSITY         SECTION 262913 
EIS COMPLEX                                    ENCLOSED CONTROLLERS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 262913 - 9 Michael Wall EngineeringACM 


Q. The Contractor shall verify motor starting methods with the Mechanical Construction 
Documents and the Mechanical Contractor prior to ordering the motor control center.  
Immediately notify the Engineer of any discrepancies. 


3.5 CONTROL WIRING INSTALLATION 


A. Install wiring between enclosed controllers and remote devices. Comply with 
requirements in Section 260523 "Control-Voltage Electrical Power Cables." 


B. Bundle, train, and support wiring in enclosures. 


C. Connect selector switches and other automatic-control selection devices where 
applicable. 
1. Connect selector switches to bypass only those manual- and automatic-


control devices that have no safety functions when switch is in manual-
control position. 


2. Connect selector switches with enclosed-controller circuit in both manual 
and automatic positions for safety-type control devices such as low- and 
high-pressure cutouts, high-temperature cutouts, and motor overload 
protectors. 


3.6 FIELD QUALITY CONTROL 


A. Perform tests and inspections. 
1. Manufacturer's Field Service: Engage a factory-authorized service 


representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 


B. Acceptance Testing Preparation: 
1. Test insulation resistance for each enclosed controller, component, 


connecting supply, feeder, and control circuit. 
2. Test continuity of each circuit. 


C. Tests and Inspections: 
1. Inspect controllers, wiring, components, connections, and equipment 


installation. Test and adjust controllers, components, and equipment. 
2. Test continuity of each circuit. 
3. Verify that voltages at controller locations are within plus or minus 10 


percent of motor nameplate rated voltages. If outside this range for any 
motor, notify Construction Manager before starting the motor(s). 


4. Test each motor for proper phase rotation. 
5. Perform each electrical test and visual and mechanical inspection stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 


6. Correct malfunctioning units on-site, where possible, and retest to 
demonstrate compliance; otherwise, replace with new units and retest. 


7. Test and adjust controls, remote monitoring, and safeties. Replace 
damaged and malfunctioning controls and equipment. 


D. Enclosed controllers will be considered defective if they do not pass tests and 
inspections. 
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E. Prepare test and inspection reports including a certified report that identifies 
enclosed controllers and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after remedial action. 


3.7 ADJUSTING 


A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and 
overload-relay pickup and trip ranges. 


B. Adjust overload-relay heaters or settings if power factor correction capacitors are 
connected to the load side of the overload relays. 


C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with 
adjustable instantaneous trip elements. Initially adjust to six times the motor 
nameplate full-load ampere ratings and attempt to start motors several times, 
allowing for motor cooldown between starts. If tripping occurs on motor inrush, 
adjust settings in increments until motors start without tripping. Do not exceed eight 
times the motor full-load amperes (or 11 times for NEMA Premium Efficient motors if 
required). Where these maximum settings do not allow starting of a motor, notify 
Construction Manager before increasing settings. 


D. Set field-adjustable switches and program microprocessors for required start and 
stop sequences in reduced-voltage solid-state controllers. 


E. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 
"Overcurrent Protective Device Coordination Study." 


3.8 PROTECTION 


A. Replace controllers whose interiors have been exposed to water or other liquids 
prior to Substantial Completion. 


1.1 CLEANING AND REPAIR 


B. Repair and paint enclosure as necessary to return the enclosure to the original 
factory condition. 


C. Damage to electrical components shall be repaired in the factory. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section includes the following enclosed controllers rated 600 V and less:

		1. Full-voltage manual.

		2. Full-voltage magnetic.





		1.3 DEFINITIONS

		A. CPT: Control power transformer.

		B. MCCB: Molded-case circuit breaker.

		C. MCP: Motor circuit protector.

		D. N.C.: Normally closed.

		E. N.O.: Normally open.

		F. OCPD: Overcurrent protective device.

		G. SCR: Silicon-controlled rectifier.



		1.4 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Enclosed controllers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."





		1.5 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.

		D. Testing Agency Qualifications: Member company of NETA or an NRTL.

		1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site testing.



		E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		F. Comply with CEC.

		G. IEEE Compliance: Fabricate and test enclosed controllers according to IEEE 344 to withstand seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems."



		1.6 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review.

		B. Action Submittals

		1. Product Data: For each type of enclosed controller. Include manufacturer's technical data on features, performance, electrical characteristics, ratings, and enclosure types and finishes.

		2. Shop Drawings: For each enclosed controller. Include dimensioned plans, elevations, sections, details, and required clearances and service spaces around controller enclosures.

		a. Show tabulations of the following:

		1) Each installed unit's type and details.

		2) Factory-installed devices.

		3) Nameplate legends.

		4) Short-circuit current rating of integrated unit.



		b. Wiring Diagrams: For power, signal, and control wiring.





		C. Informational Submittals

		1. Seismic Qualification Certificates: For enclosed controllers, accessories, and components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		2. Field quality-control reports.

		3. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have been installed, and arrange to demonstrate that switch settings for motor running overload protection suit actual motors to be protected.



		D. Closeout Submittals

		1. Operation and Maintenance Data: For enclosed controllers to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		a. Routine maintenance requirements for enclosed controllers and installed components.

		b. Manufacturer's written instructions for setting field-adjustable overload relays.

		c. Manufacturer's written instructions for testing, adjusting, and reprogramming reduced-voltage solid-state controllers.





		E. Materials Maintenance Submittals

		1. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		a. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.

		b. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than two of each size and type.

		c. Indicating Lights:  Two of each type and color installed.

		d. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic controller installed.

		e. Power Contacts: Furnish three spares for each size and type of magnetic contactor installed.







		1.7 FACTORY TESTING

		A. Factory testing shall be provided for all motor control centers.

		B. Factory test results shall be provided to the Engineer and Owner's Representative for review prior to shipment of motor control center.

		C. All factory tests shall be made in strict accordance with ANSI and NEMA standards and shall be certified in writing.

		D. All factory tests shall be available to be witnessed by the Owner's Representative, Consulting Engineer and Contractor at the factory upon advance request.  Transportation, lodging and food shall be provided by the Contractor or Manufacturer.  The schedule for witness testing shall be negotiated with the Owner's Representative



		1.8 WARRANTY

		A. Contractor shall guarantee equipment and installation free from defects in materials and workmanship for a period of one (1) year from the date of installation.



		1.9 MANUFACTURERS

		A. Manufacturers of the integrated Motor Control Center shall be Square-D, Eaton, or Siemens.





		PART 2 - PRODUCTS

		2.1 FULL-VOLTAGE CONTROLLERS

		A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general purpose, Class A.

		B. Motor-Starting Switches: "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off or on.

		1. Products: Subject to compliance with requirement, available products that may be incorporated into the Work include the following:

		a. Square-D

		b. Eaton

		c. Siemens.



		2. Configuration:  Nonreversing.

		3. Surface mounting.

		4. Red pilot light.



		C. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off, on, or tripped.

		1. Products: Subject to compliance with requirement, available products that may be incorporated into the Work include the following:

		a. Square-D

		b. Eaton

		c. Siemens.



		2. Configuration:  Nonreversing.

		3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping characteristics; heaters matched to nameplate full-load current of actual protected motor; external reset push button; bimetallic type.

		4.  Surface mounting.

		5. Red pilot light.



		D. Integral Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off, on, or tripped.

		1. Products: Subject to compliance with requirement, available products that may be incorporated into the Work include the following:

		a. Square-D

		b. Eaton

		c. Siemens.



		2. Configuration:  Nonreversing.

		3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping characteristics; heaters and sensors in each phase, matched to nameplate full-load current of actual protected motor and having appropriate adjustment for duty cycle; external reset push button; bimetallic type.

		4.  Surface mounting.

		5. Red pilot light.

		6. N.O. and N.C. auxiliary contact.



		E. Magnetic Controllers: Full voltage, across the line, electrically held.

		1. Products: Subject to compliance with requirement, available products that may be incorporated into the Work include the following:

		a. Square-D

		b. Eaton

		c. Siemens.



		2. Configuration:  Nonreversing.

		3. Contactor Coils: Pressure-encapsulated type.

		a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, manufacturer's standard matching control power or line voltage.



		4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to allow inspection and replacement without disturbing line or load wiring.

		5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary fuses, with CPT of sufficient capacity to operate integral devices and remotely located pilot, indicating, and control devices.

		a. CPT Spare Capacity:  100 VA.



		6. Bimetallic Overload Relays:

		a. Inverse-time-current characteristic.

		b. Class 20 tripping characteristic.

		c. Heaters in each phase matched to nameplate full-load current of actual protected motor and with appropriate adjustment for duty cycle.

		d. Ambient compensated.

		e. Automatic resetting.



		7. N.C. and N.O., isolated overload alarm contact.

		8. External overload reset push button.



		F. Combination Magnetic Controller: Factory-assembled combination of magnetic controller, OCPD, and disconnecting means.

		1. Products: Subject to compliance with requirement, available products that may be incorporated into the Work include the following:

		a. Square-D

		b. Eaton

		c. Siemens.



		2. Fusible Disconnecting Means:

		a. NEMA KS 1, heavy-duty, horsepower-rated, fusible switch with clips or bolt pads to accommodate Class R fuses.

		b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.



		3. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open.

		4. Nonfusible Disconnecting Means:

		a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch.

		b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

		c. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open.



		5. MCP Disconnecting Means:

		a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents, instantaneous-only circuit breaker with front-mounted, field-adjustable, short-circuit trip coordinated with motor locked-rotor amperes.

		b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

		c. Auxiliary contacts "a" and "b" arranged to activate with MCP handle.

		d. N.C. and N.O. alarm contact that operates only when MCP has tripped.

		e. Current-limiting module to increase controller short-circuit current (withstand) rating to 100 kA.



		6. MCCB Disconnecting Means:

		a. UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents; thermal-magnetic MCCB, with inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits.

		b. Front-mounted, adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

		c. Lockable Handle: Accepts three padlocks and interlocks with cover in closed position.

		d. Auxiliary contacts "a" and "b" arranged to activate with MCCB handle.

		e. N.C. and N.O. alarm contact that operates only when MCCB has tripped.







		2.2 ENCLOSURES

		A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed location.

		1. Dry and Clean Indoor Locations:  Type 1.

		2. Outdoor Locations:  Type 3R.

		3. Wash-Down Areas:  Type 4X, stainless steel.

		4. Other Wet or Damp Indoor Locations:  Type 4.

		5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: Type 12.





		2.3 ACCESSORIES

		A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory installed in controller enclosure cover unless otherwise indicated.

		1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy-duty, type.

		a. Push Buttons:  Lockable types; as indicated.

		b. Pilot Lights:  LED types; colors as indicated.

		c. Selector Switches:  Rotary type.





		B. N.C. and N.O. auxiliary contact(s).

		C. Control Relays: Auxiliary and adjustable time-delay relays.

		D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing circuit with isolated output contacts for hard-wired connections. Provide adjustable undervoltage, overvoltage, and time-delay settings.

		E. Cover gaskets for Type 1 enclosures.





		PART 3 - EXECUTION

		3.1 FIELD QUALITY CONTROL

		A. Inspect installation and equipment for physical damage, proper alignment, anchorage, grounding, and completeness.

		B. Check continuity of all circuits.

		C. Check polarity and phasing of bussing.

		D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, CEC, and UL standards.

		E. Check tightness of all bolted connections.

		F. Check nameplates and identification.

		G. The Contractor shall protect all equipment during shipping, delivery, storage, installations and at all times during construction.  Motor control centers or their components shall not be exposed to weather, moisture, dust, dirt, debris or damage during construction (unless specifically rated for conditions).



		3.2 COORDINATION

		A. Coordinate layout and installation of enclosed controllers with other construction including conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.

		B. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified with concrete.

		C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.



		3.3 EXAMINATION

		A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for compliance with requirements and other conditions affecting performance of the Work.

		B. Examine enclosed controllers before installation. Reject enclosed controllers that are wet, moisture damaged, or mold damaged.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.4 INSTALLATION

		A. Install Motor Control Center in accordance with manufacturer's written instructions, NEMA standards, CEC requirements and any State or Owner requirements.

		B. Comply with NECA 1.

		C. Provide clean, level surface for installation with suitable structural strength.  Verify compliance with Seismic Design Category D requirements.

		D. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying with Section 260529 "Hangers and Supports for Electrical Systems."

		E. Seismic Bracing: Comply with requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."

		F. Coordinate fuse type, fuse size, circuit breaker ratings, circuit breaker settings with available fault current, coordination study, and short circuit study.  Install all fuses necessary.

		G. Install fuses in each fusible-switch enclosed controller.

		H. Install fuses in control circuits if not factory installed. Comply with requirements in Section 262813 "Fuses."

		I. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load amperes after motors have been installed.

		J. Identify enclosed controllers, components, and control wiring. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."

		1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.

		2. Label each enclosure with engraved nameplate.

		3. Label each enclosure-mounted control and pilot device.



		K. Provide ground continuity through means of driven ground rods, bonding to building steel, or bonding to building grounding electrode.

		L. Install device handles to a height no greater than allowed by CEC or governing authority.

		M. Coordinate installation and schedule with all other trades and Owner's Representative.

		N. The Contractor shall coordinate all components including their arrangement electrically and mechanically.

		O. The Contractor shall coordinate conduit entrances including method of entrance and connections.

		P. The Contractor shall coordinate with all other trades necessary to provide a complete, proper installation.  Grades, piping, structure, ducting, etc. shall be carefully reviewed by the Contractor prior to installation.

		Q. The Contractor shall verify motor starting methods with the Mechanical Construction Documents and the Mechanical Contractor prior to ordering the motor control center.  Immediately notify the Engineer of any discrepancies.



		3.5 CONTROL WIRING INSTALLATION

		A. Install wiring between enclosed controllers and remote devices. Comply with requirements in Section 260523 "Control-Voltage Electrical Power Cables."

		B. Bundle, train, and support wiring in enclosures.

		C. Connect selector switches and other automatic-control selection devices where applicable.

		1. Connect selector switches to bypass only those manual- and automatic-control devices that have no safety functions when switch is in manual-control position.

		2. Connect selector switches with enclosed-controller circuit in both manual and automatic positions for safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and motor overload protectors.





		3.6 FIELD QUALITY CONTROL

		A. Perform tests and inspections.

		1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.



		B. Acceptance Testing Preparation:

		1. Test insulation resistance for each enclosed controller, component, connecting supply, feeder, and control circuit.

		2. Test continuity of each circuit.



		C. Tests and Inspections:

		1. Inspect controllers, wiring, components, connections, and equipment installation. Test and adjust controllers, components, and equipment.

		2. Test continuity of each circuit.

		3. Verify that voltages at controller locations are within plus or minus 10 percent of motor nameplate rated voltages. If outside this range for any motor, notify Construction Manager before starting the motor(s).

		4. Test each motor for proper phase rotation.

		5. Perform each electrical test and visual and mechanical inspection stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		6. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

		7. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.



		D. Enclosed controllers will be considered defective if they do not pass tests and inspections.

		E. Prepare test and inspection reports including a certified report that identifies enclosed controllers and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.



		3.7 ADJUSTING

		A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay pickup and trip ranges.

		B. Adjust overload-relay heaters or settings if power factor correction capacitors are connected to the load side of the overload relays.

		C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable instantaneous trip elements. Initially adjust to six times the motor nameplate full-load ampere ratings and attempt to start motors several times, allowing for motor cooldown between starts. If tripping occurs on motor inrush, adjust settings in increments until motors start without tripping. Do not exceed eight times the motor full-load amperes (or 11 times for NEMA Premium Efficient motors if required). Where these maximum settings do not allow starting of a motor, notify Construction Manager before increasing settings.

		D. Set field-adjustable switches and program microprocessors for required start and stop sequences in reduced-voltage solid-state controllers.

		E. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent Protective Device Coordination Study."



		3.8 PROTECTION

		A. Replace controllers whose interiors have been exposed to water or other liquids prior to Substantial Completion.

		B. Repair and paint enclosure as necessary to return the enclosure to the original factory condition.

		C. Damage to electrical components shall be repaired in the factory.
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PART 1 - GENERAL 


1.1 SYSTEM SUMMARY DESCRIPTION 


A. The standby diesel engine generator system shall consist of the following key 
elements: 
1. kW/kVA standby diesel engine generator set per project requirements 
2. Integral weather housing (NEMA 3R) 
3. Engine-mounted radiator 
4. Critical silencer and exhaust pipe 
5. Output circuit breaker 
6. Generator controls and transfer logic 
7. Battery and charging system 
8. Subbase tank with secondary containment 
9. Remote status annunciator and start/stop controls 


1.2 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


C. Section 263600 "Transfer Switches" for transfer switches including sensors and 
relays to initiate automatic-starting and -stopping signals for engine-generator sets. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. Contractor shall ensure that the manufacturer has a minimum of ten (10) years 
experience in the production of diesel engine generators.  Manufacturer shall have 
ability to provide replacement parts within 24 hours to protect continuity of service. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following as a 
minimum: 
1. Engine generator drawings with singleline diagram, elevation, floor plan, 


overall dimensions, weights, layout of components and devices, enclosure 
type, short circuit withstand ratings, fuel connections, nameplate schedule, 
interconnecting wiring diagrams, rated voltage, rated current, conductor 
sizes, and conduit entry points. 


2. Layout of engine generator in room, area, or yard including horizontal and 
vertical clearances. 


3. Vibration isolation calculations for Seismic Design category D shall be 
provided by the Contractor stamped and signed by a Registered 
Professional Structural Engineer in the State of California. 


4. Available fault current withstand ratings of all devices. 
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5. Manufacturer's product data sheets indicating compliance with specifications 
for engine, generator, generator controls, system protection, voltage 
regulation, fuel tank, battery, battery charger, critical silencer, cooling 
system, jacket water heater, output circuit breaker, and annunciators. 


6. Seismic Qualification Certificates: For engine-generator set, accessories, 
and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: With engine and 


generator mounted on rails identify center of gravity and total 
weight including full fuel tank, supplied enclosure, external silencer, 
subbase-mounted fuel tank, and each piece of equipment not 
integral to the engine-generator set, and locate and describe 
mounting and anchorage provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


7. Ground fault testing and setting of main over-current device shall be 
submitted with the Contractor's electrical testing and ground testing data. 


8. Interconnection wiring diagram showing control connections between engine 
generator, transfer switch(es), and ancillary equipment. 


9. Installation and operation manual. 
10. Technical and performance data cut-sheets for engine, generator, automatic 


transfer switch, critical silencer and other components. 
11. Factory test procedures and certified prototype test reports. 
12. A copy of the specification indicating compliance or deviation for each 


paragraph. 
13. Bill of Material, itemizing all equipment submitted. 
14. Qualifications of the engine-generator manufacturer and of the authorized 


distributor including 24-hour emergency service capability. 
15. NFPA-110 prototype test verification.   
16. Altitude and temperature derating procedures.   
17. Frequency and voltage regulation.   
18. Engine emission data for "pre-permitting" purposes provided on the current 


application form for the air quality agency having jurisdiction.  Exhaust and 
crankcase emission control equipment devices. 


19. Generator performance data:  Motor and load starting capability verification; 
temperature rise and insulation classification; short circuit sustaining 
capability; over-voltage safety shutdown; decrement curve for specific 
voltage specified. 


20. Output circuit breaker size, manufacturer, model, and short-circuit capability. 
21. Control panel features and performance.   
22. Critical exhaust silencer attenuation rating. 
23. Jacket water heater system. 
24. Fuel storage and delivery system.   
25. Remote annunciator and start/stop panel. 
26. Weather enclosure details.    
27. Engine exhaust back pressure calculations. 
28. Warranty 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Fuses: One for every 10 of each type and rating but no fewer than one of 


each. 
2. Indicator Lamps: Two for every six of each type used, but no fewer than two 


of each. 
3. Filters: One set each of lubricating oil, fuel, and combustion-air filters. 
4. Tools: Each tool listed by part number in operations and maintenance 


manual. 


1.6 OPERATOR MANUALS 


A. The Contractor shall furnish a minimum of six (6) operator manuals for the engine 
generator system at the time of start up, including, but not limited to installation 
procedures, assembly and rigging instructions, troubleshooting guidelines, wiring 
diagrams, maintenance procedures and spare parts list.  Included shall be the 
name, phone number, and organization of contact person for 24-hour emergency 
service. 


1.7 FACTORY PROTOTYPE TESTING 


A. The Contractor and system manufacturer shall submit certification of engine, 
generator, controls, and switchgear prototype testing as complete systems of 
representative engineering models. Testing shall comply NFPA-110. 


B. Specific prototype tests shall include: 
1. Maximum power (kW). 
2. Maximum starting (kVA) at 30% instantaneous voltage dip. 
3. Alternator temperature rise. 
4. Governor speed regulation under steady-state and transient conditions. 
5. Voltage regulation and generator transient response. 
6. Fuel consumption at no load, ¼, ½, ¾, and full load. 
7. Harmonic analysis, voltage waveform deviation, and telephone influence 


factor. 
8. Three-phase line-to-line short circuit test. 
9. Engine alternator cooling air flow (heat rejection). 
10. Torsional analysis testing. 
11. Endurance testing. 


1.8 FACTORY PRODUCTION TESTING 


A. Each engine, generator, and generator set shall be subjected to production 
performance tests and quality controls to insure reliable operation.  Testing shall 
comply with NFPA-110. These tests and controls shall include but not be limited to: 
1. Single-step load pickup. 
2. Transient and steady-state governing. 
3. Safety shutdown. 
4. Voltage regulation. 
5. Rated power at rated power factor. 
6. Maximum power. 
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B. A certified test report shall be provided within 10 days of factory testing. 


1.9 WARRANTY 


A. Contractor shall guarantee equipment and installation free from defects in materials 
and workmanship for a period of two (2) years from the date of acceptance. 


1.10 MANUFACTURERS 


A. Manufacturers of the diesel engine generator shall be Kohler, Cummins/Onan, 
Caterpillar or Detroit Diesel. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Engine-generator set housing, subbase fuel tank, engine-
generator set, batteries, battery racks, silencers, and sound attenuating equipment, 
accessories, and components shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 
1. The term "withstand" means "the unit will remain in place without separation 


of any parts when subjected to the seismic forces specified." 
2. Shake-table testing shall comply with ICC-ES AC156. Testing shall be 


performed with all fluids at worst case normal levels. Water shall be 
substituted for diesel fuel in fuel tank during test. 


3. Component Importance Factor:  1.0. 


B. ASME Compliance: Comply with ASME B15.1. 


C. NFPA Compliance: 
1. Comply with NFPA 37. 
2. Comply with CEC. 
3. Comply with NFPA 110 requirements for Level 1 emergency power supply 


system. 


D. UL Compliance: Comply with UL 2200. 


E. Engine Exhaust Emissions: Comply with EPA Tier 3 and SCAQMD requirements 
and applicable state and local government requirements. 


F. Noise Emission: Comply with applicable state and local government requirements 
for maximum noise level at adjacent property boundaries due to sound emitted by 
generator set including engine, engine exhaust, engine cooling-air intake and 
discharge, and other components of installation. 


G. Environmental Conditions: Engine-generator system shall withstand the following 
environmental conditions without mechanical or electrical damage or degradation of 
performance capability: 
1. Ambient Temperature:  5 to 40 deg C. 
2. Relative Humidity: Zero to 95 percent. 
3. Altitude: Sea level to 1000 feet. 
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2.2 GENERAL 


A. Unit shall be rated for standby operation during any utility power failure.  Rating shall 
be verified by published specification sheets of its nationally recognized 
manufacturer.  Generator set shall be capable of accepting rated load in one step in 
accordance with NFPA-110 Para. 3-5.3.1. Unit shall be built and labeled in 
accordance with UL2200. 


B. System rating shall be as follows: 
1. kW/0.8PF/kVA per project requirements 
2. 480Y/277V 3 phase 4W 60Hz 
3. 4 cycle 1800 RPM engines 
4. A full load current output capacity 
5. Maximum 30% transient voltage dip with +2% recovery voltage upon 


application of single step 100% load. 
6. No. 2 Diesel Fuel 
7. Output circuit breakers sized per project requirements 
8. Outdoor enclosure 


C. The generator set shall consist of a diesel engine connected to a generator with 
brushless excitation.  The generator set shall be mounted on a steel sub-base and 
provided with all necessary accessories, auxiliaries and control equipment for a 
complete and operating system. 


D. The engine generator must be capable of providing rated power within 10 seconds 
after failure of normal power. 


E. The engine generator must not be manufactured with Class I ozone depleting 
substances as defined by Federal Register Vol 57 No 86. 


F. The materials herein shall be of new and domestic manufacturer.  The engine 
generator shall be designed, tested, assembled, and furnished in accordance with 
the applicable standards. 


G. The engine generator shall be an integrated assembly of a single manufacturer.  
Major components shall bear the label of a single manufacturer and shall be 
assembled in that manufacturer's plant(s) unless specifically approved otherwise. 


2.3 GENERATOR-SET PERFORMANCE: 


A. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage from 
no load to full load. 


B. Transient Voltage Performance: Not more than 20 percent variation for 50 percent 
step-load increase or decrease. Voltage shall recover and remain within the steady-
state operating band within three seconds. 


C. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency from 
no load to full load. 


D. Steady-State Frequency Stability: When system is operating at any constant load 
within the rated load, there shall be no random speed variations outside the steady-
state operational band and no hunting or surging of speed. 
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E. Transient Frequency Performance: Less than 5 percent variation for 50 percent 
step-load increase or decrease. Frequency shall recover and remain within the 
steady-state operating band within five seconds. 


F. Output Waveform: At no load, harmonic content measured line to line or line to 
neutral shall not exceed 5 percent total and 3 percent for single harmonics. 
Telephone influence factor, determined according to NEMA MG 1, shall not exceed 
50 percent. 


G. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system 
output terminals, system shall supply a minimum of 250 percent of rated full-load 
current for not less than 10 seconds and then clear the fault automatically, without 
damage to generator system components. 


H. Start Time: Comply with NFPA 110, Type 10, system requirements. 


2.4 ENGINE 


A. The engine shall be 4-cycle, direct connected to the generator by a semi-flexible 
coupling, and both shall be mounted on a common sub-base.  The engine shall have 
sufficient power to produce the specified rating when operating at generator 
synchronous speed with all accessories required for normal operation including 
exhaust, fuel, cooling, and battery charging systems. Maximum engine speed shall 
be 1800 RPM. The engine shall have a pressure lubrication system and replaceable 
element oil filter. The following items are mounted on engine or skid: 
1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers 


and smaller while passing full flow. 
2. Thermostatic Control Valve: Control flow in system to maintain optimum oil 


temperature. Unit shall be capable of full flow and is designed to be fail-safe. 
3. Crankcase Drain: Arranged for complete gravity drainage to an easily 


removable container with no disassembly and without use of pumps, 
siphons, special tools, or appliances. 


B. The generator set shall be mounted on a heavy duty steel base incorporating a 
battery tray and battery charger rack.  The fuel and electrical connection stub-up 
points shall be within the footprint of the base.  The base shall have Seismic Design 
Category D vibration isolators included. 


C. The engine shall be equipped with a fuel system suitable for operation on #2 diesel 
fuel. Fuel system shall include fuel filter, transfer pump, manual priming pump, 
flexible fuel lines, and primary fuel/water separator.  Fuel system shall comply with 
the requirements of NFPA-37 and NFPA-110.  The fuel pump shall be an engine-
driven positive displacement type.  The fuel filter shall be a replaceable spin-on 
canister type. 


D. The engine cooling system shall be designed to provide adequate cooling at rated 
load in ambient temperatures up to 120 degrees F.  The system shall include a unit-
mounted closed-loop radiator, belt-driven blower fan, water pump, thermostat and 
OSHA guards.  Cooling system shall meet the performance requirements of NFPA-
110.  Provide a low water level shutdown device. 
1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 


percent water, with anticorrosion additives as recommended by engine 
manufacturer. 
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2. Size of Radiator: Adequate to contain expansion of total system coolant 
from cold start to 110 percent load condition. 


3. Expansion Tank: Constructed of welded steel plate and rated to withstand 
maximum closed-loop coolant system pressure for engine used. Equip with 
gage glass and petcock. 


4. Temperature Control: Self-contained, thermostatic-control valve modulates 
coolant flow automatically to maintain optimum constant coolant 
temperature as recommended by engine manufacturer. 


5.  Coolant Hose: Flexible assembly with inside surface of nonporous rubber 
and outer covering of aging-, ultraviolet-, and abrasion-resistant fabric. 
a. Rating: 50-psig maximum working pressure with coolant at 180 


deg F, and noncollapsible under vacuum. 
b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping 


and equipment connections. 


E. The engine governor shall maintain frequency within a 0.25 % band under steady 
state conditions and isochronous from no-load to full load.  Regulation shall be as 
defined by IEEE Std 126-1959/83.  Governor performance shall comply with EGSA 
100E. 


F. Starting shall be by means of a solenoid operated positive engagement gear driven 
electric starter for operation on 12 or 24 volt D.C.  Note the cycle-crank requirement 
specified within the generator control panel.  Provide a primary and a secondary 
means of cranking termination in accordance with NFPA-110 Para. 3-5.4.2.  The 
engine shall start and provide power within ten (10) seconds. 


G. Engine protective devices shall meet the performance requirements of EGSA 100F 
and shall include the following: 
1. Overcrank – lockout 
2. Low oil pressure - preliminary alarm 
3. Low oil pressure – shutdown 
4. High water temperature - preliminary alarm 
5. High water temperature – shutdown 
6. Low water temperature – alarm 
7. Low water level – shutdown 
8. Overspeed – shutdown 
9. Low fuel level - alarm 


H. The engine lubrication system shall be a full pressure system supplying a 
continuous flow of lubricant to all moving parts.  Circulation shall be by means of 
positive displacement gear pump.  Full flow lubrication oil filters and series-
connected oil cooler shall be provided.  The filter shall be replaceable and easily 
accessible.  


I. Engine crankcase emissions shall be filtered to prevent oil mist from contaminating 
the engine space and to comply with Air Pollution Control District requirements for 
visible emissions. Filter device shall consist of a replaceable filter element and a 
removable reservoir for collected fluids.  Filter shall be sized for the allowable 
crankcase back pressure established by the engine manufacturer. 


J. Emissions: Comply with EPA Tier 3 requirements. Provide passive emission system 
to comply with SCAQMD requirements. 
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1. Diesel Particulate Filter (DPF) shall use passive regeneration technology 
that utilizes a continuous regeneration technology.  


2. Unit shall meet CARB Level 3+ to achieve a minimum 85% PM reduction.  
3.  Controller shall indicate abnormal operation and shall annunciate alarms to 


the generator controller.  
4. Regeneration shall be automatic and shall keep the filter cartridges 


functioning at low back pressure and peak efficiency. 
5. DPF shall incorporate an integrated diesel oxidation catalyst to reduce the 


soluble organic fraction, gaseous hydrocarbons and carbon monoxide. 
6. DPF shall incorporate a Hospital Critical Grade Silencer with 25-35 dBA 


attenuation. 
7. DPF shall be Johnson Matthey CRT or equal. 
8. Housing shall be constructed of carbon steel with high temperature zinc 


base primer and painted to match generator housing. 


K. Air-Intake Filter:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter 
element and "blocked filter" indicator. 


2.5 BATTERY SET 


A. A lead acid battery set shall be provided and installed on the generator base with 
seismic restraints.  System voltage shall match that of the starter.  Cold-cranking 
amperage capacity shall conform to the requirements of SAE Standard J-537 for 
zero degrees Fahrenheit.  Provide insulated, stranded copper conductors to connect 
to the starting system. Provide specified cranking cycle at least twice without 
recharging. 


B. Battery Cable: Size as recommended by engine manufacturer for cable length 
indicated. Include required interconnecting conductors and connection accessories. 


C. Battery-Charging Alternator: Factory mounted on engine with solid-state voltage 
regulation and 35 A minimum continuous rating. 


2.6 BATTERY CHARGER 


A. An automatic float/equalize type battery charger shall be provided, installed with 
vibration isolators, and wired on the generator set. Connections to the battery shall 
be solid wired (clip-on type clamps not acceptable).  Input voltage shall be 120 VAC.  
Charger shall be UL listed.  Output capacity shall be a minimum of 10 amps. 


B. Features shall include the following: 
1. Operation: Equalizing-charging rate of 10 A shall be initiated automatically 


after battery has lost charge until an adjustable equalizing voltage is 
achieved at battery terminals. Unit shall then be automatically switched to a 
lower float-charging mode and shall continue to operate in that mode until 
battery is discharged again. 


2. Automatic Temperature Compensation: Adjust float and equalize voltages 
for variations in ambient temperature from minus 40 deg F to 140 deg F to 
prevent overcharging at high temperatures and undercharging at low 
temperatures. 


3. Automatic Voltage Regulation: Maintain constant output voltage regardless 
of input voltage variations up to plus or minus 10 percent. 
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4. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate 
charging rates. 


5. Low battery voltage alarm contacts, set to close if battery voltage drops 
below 90% of rated. 


6. Neon light to indicate the selector switch is in the "equalize" range. 
7. DC Voltmeter 
8. DC Ammeter 
9. AC Circuit Breaker on input line 
10. DC Circuit Breaker on output line 
11. Safety Functions: Sense abnormally low battery voltage and close contacts 


providing low battery voltage indication on control and monitoring panel. 
Sense high battery voltage and loss of ac input or dc output of battery 
charger. Either condition shall close contacts that provide a battery-charger 
malfunction indication at system control and monitoring panel. 


12. Power "ON" indicating lamp 


C. Battery charger enclosure shall be NEMA 1 construction arranged for convection 
cooling and located within the generator enclosure. 


2.7 JACKET WATER HEATER 


A. A jacket water heater, thermostatically controlled, shall be installed on the engine.  
Heater shall be 2500 watts, 120 VAC input or as noted on the shop drawings.  
Heater shall be mounted on the generator base rails and provided with flexible 
hoses to the engine.  Flexible hoses shall be rated at 300 degrees F. and 100 PSI.  
Provision shall be made for isolation of the jacket water heater with 3/4 inch NPT 
ball-valves installed at the engine side of the flexible hoses.  Provide a disconnect 
safety switch, or disconnect plug, to isolate the heating element from the electrical 
source for maintenance purposes.  The jacket water heater shall be U.L. listed and 
labeled. 


2.8 DIESEL FUEL-OIL SYSTEM 


A. Comply with NFPA 30. 


B. Piping: Fuel-oil piping shall be Schedule 40 black steel, complying with requirements 
in Section 231113 “Facility Fuel-Oil Piping.” Cast iron, aluminum, copper, and 
galvanizing shall not be used in the fuel-oil system. 


C. Main Fuel Pump: Mounted on engine to provide primary fuel flow under starting and 
load conditions. 


D. Fuel Filtering: Remove water and contaminants larger than 1 micron. 


E. Relief-Bypass Valve: Automatically regulates pressure in fuel line and returns 
excess fuel to source. 


2.9 FUEL STORAGE SYSTEM 


A. Provide a sub-base mounted fuel storage tank capable of supporting the generator 
set at rated load for a duration determined by the project requirements.  Overall 
dimensions of the tank shall not exceed those of the generator enclosure.  Tank 
shall not extend within 12 inches of the generator end to provide access for electrical 
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conduit from below.  Tank shall be built and labeled in accordance with UL-142.  
Mounting feet shall provide clearance between bottom of tank and foundation.  The 
tank construction shall be welded-steel, pressure tested to 5 PSI minimum with 
interior rust preventative coating. 


B. Tank features shall include: 
1. Fuel-Tank Capacity: Minimum 133 percent of total fuel required for periodic 


maintenance operations between fuel refills, plus fuel for the hours of 
continuous operation for indicated EPSS class. 


2. Vandal-resistant fill cap. 
3. 2 inch filler with 6 inch stub and locking cap. 
4. Engine supply and return openings and draw tubes. 
5. Vent per UL for both primary and secondary containment. 
6. Tank leak port. 
7. Fuel level indicator gauge. 
8. Low fuel level alarm switch, set at 2 remaining hours. 
9. Secondary containment, totally closed, by double wall tank construction.  


Provide alarm contact for "liquid in containment basin".  Wire contact to 
alarm light in the generator control panel. 


10. Manual priming pump. 


C. Provide flexible fuel lines rated for duty at 300 degrees F and 100 PSI. 


2.10 EXHAUST SYSTEM 


A. A critical degree silencer shall be provided and installed within the generator set 
enclosure.  Supplier shall furnish back pressure calculations for the installation 
verifying that engine limitation is not exceeded.  Silencer shall be arranged for 
horizontal mounting with bottom (or side) inlet and end outlet; the weight of the 
silencer shall not be carried by the engine.  Provide a stainless steel bellows type 
flexible exhaust connector at the engine exhaust outlet. Provide a long radius type 
elbow to discharge exhaust gases vertically.  Provide suitable raincap and 
condensate drains.  A "Critical Degree" silencer is considered to be one capable of 
attenuating engine exhaust noise component to 85 dBA at 10 feet in a free-field 
environment.   


2.11 GENERATOR 


A. The generator shall be single bearing 4-pole, revolving field, two-thirds (2/3) pitch or 
five-sixths (5/6) pitch with rotating brushless exciter.  The generator shall be air 
cooled and drip proof.  The generator shall be directly connected to the engine with 
a flexible drive disk. 


B. The rotor shall have amortissuer windings and be dynamically balanced.  The 
amortissuer windings shall be layer wound mechanically wedged construction. 


C. The generator insulation shall be Class F and rated for insulation temperature rise 
not to exceed 105 degrees C at full load.  The generator and exciter insulation shall 
be vacuum impregnated to withstand severe environments of sand, salt, and sea 
spray. 
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D. Construction shall prevent mechanical, electrical, and thermal damage due to 
vibration, overspeed up to 125 percent of rating, and heat during operation at 110 
percent of rated capacity. 


E. The exciter shall be brushless, three phase, with full wave silicon diodes, surge 
suppression and exciter circuit breaker. 


F. The voltage regulator shall be solid state, three-phase RMS sensing, temperature 
compensated, asynchronous pulse width modulated.  Voltage regulation shall be +/-
0.5% of rated voltage for any constant load between no load and rated load.  
Voltage regulator shall turn off when alternator output voltage exceeds 110% of the 
operator-set voltage level for more than 10 seconds.  The regulator shall allow 
frequency output to decline to 58Hz before correcting the output voltage in a linear 
volts/hertz manner.  The regulator shall not be sensitive to SCR or Thyristor 
interference. 


G. The generator must be capable of maintaining control with a total harmonic 
distortion of up to 10%. 


H. Provide shielding of generator, exciter and regulator to prevent radio frequency 
interference. 


I. A permanent magnet generator (PMG) shall provide excitation power to the voltage 
regulator and immunity against voltage distortion caused by nonlinear loads.  The 
PMG shall cause rapid voltage build-up on starting, and sustain main field excitation 
short circuit current for selective operation and coordination of system overcurrent 
devices.  The PMG shall maintain 300% current for ten (10) seconds. 


J. The application of rated load at rated power in one step with the generator initially at 
rated speed, rated voltage and no load shall not cause a transient voltage deviation 
of more than 30% of the rated voltage.  The voltage shall recover to and remain 
within a band of 2% of rated voltage. 


K. Motor starting kVA shall be per the project requirements at near zero power factor 
with no more than 10% sustained RMS voltage drop of no load voltage. 


L. The generator shall have random wound or form wound coils. 


M. The generator shall be a single bearing machine with an assembly that permits easy 
removal and replacement.  The bearing shall be designed to prevent leakage of 
lubricants. 


N. A generator output circuit breaker shall be provided as follows: 
1. Molded-case, thermal-magnetic type; 100 percent rated; complying with 


UL 489 mounted at the generator. 
a. Tripping Characteristic: Designed specifically for generator 


protection. 
b. Trip Rating: Matched to generator output rating. 
c. Shunt Trip: Connected to trip breaker when generator set is shut 


down by other protective devices. 
d. Mounting: Adjacent to or integrated with control and monitoring 


panel. 
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2. The device shall be rated for an ambient temperature of 104 degrees F.  
This rating shall include at least 10% additional capacity for overload and 
operating temperature rise over 104 degrees F 


3. The device shall operate manually for normal switching operations and 
automatically during current overload and short circuit conditions. 


4. The circuit breaker shall be U.L. listed and meet the requirements of NEMA 
and CEC. 


5. The circuit breaker shall have a battery voltage operated shunt trip in the 
event of an engine failure or safety shutdown initiation as indicated by 
conditions listed in Paragraph 2.9.2.2. 


6. Ground-Fault Indication: Comply with NFPA 70, "Emergency System" 
signals for ground fault. 
a. Indicate ground fault with other generator-set alarm indications. 
b. Trip generator protective device on ground fault. 


2.12 MOTORS 


A. Description: NEMA MG 1, Design B, medium induction random-wound, squirrel cage 
motor. 


B. Efficiency: Energy efficient, as defined in NEMA MG 1. 


C. Service Factor: 1.15. 


D. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and 
thrust loading. 


E. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven 
load will not require motor to operate in service factor range above 1.0. 


F. Temperature Rise: Match insulation rating. 


G. Code Letter Designation: 
1. Motors 15 HP and Larger: NEMA starting Code F or Code G. 
2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic. 


H. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for 
motor frame sizes smaller than 324T. 


I. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are 
specified in electrical Sections. 


2.13 GENERATOR CONTROLLER 


A. A solid state controller shall be vibration isolated above the generator.  The 
microprocessor control board shall be moisture proof and capable of operation from 
–40 degrees C to 85 degrees C.  Relays will only be acceptable in high current 
circuits.  Generator set instrumentation, control, and auxiliary equipment shall meet 
the performance standards of EGSA 100G.  Circuitry shall be of plug-in design for 
quick replacement.  Controller shall be equipped to accept a plug-in device capable 
of allowing maintenance personnel to test controller performance without operating 
the engine.  The controller shall include: 
1. Fused DC circuits. 
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2. Complete two-wire start/stop control, which shall operate on closure of a 
remote contact. 


3. Speed sensing and a second independent starter motor disengagement 
system shall protect against the starter engaging with a moving flywheel.  
Battery charging alternator voltage will not be acceptable for this purpose. 


4. The starting system shall be designed for restarting in the event of a false 
engine start, by permitting the engine to completely stop and then re-engage 
the starter. 


5. Cranking cycler with 15-second ON and OFF cranking periods. 
6. Overcrank protection designed to open the cranking circuit after 75 seconds 


if the engine fails to start. 
7. Engine cool down timer factory set at five (5) minutes to permit unloaded 


running of the standby set after transfer of the load to normal. 
8. Four-position (Automatic-Manual-Off/Reset-Stop) selector switch.  In the 


test position, the engine shall start and run regardless of the position of the 
remote starting contacts.  In the automatic position, the engine shall start 
when contacts in the remote control circuit close and stop five (5) minutes 
after those contacts open.  In the off position, the engine shall not start even 
though the remote start contacts close.  This position shall also provide for 
immediate shutdown in case of an emergency.  Reset of any fault lamp shall 
also be accomplished by putting the switch to the off position. 


9. Provide minimum run time control set for 30 minutes with override only by 
operation of a remote emergency-stop switch. 


10. Comply with UL 508A. 


B. An engine and generator instrument panel shall be installed on the unit with vibration 
isolators, and include the following: 
1. Instruments (RMS indicating to 0.5% accuracy) 


a. AC Voltmeter, 
b. AC Ammeter, 
c. VM/AM phase selector switch 
d. Kilowatt Meter 
e. Frequency meter, 
f. DC Voltmeter, 
g. Engine water temperature, 
h. Engine oil pressure, 
i. Running time meter 
j. Engine speed 
k. EPS supplying load indicator. 


2. Indicator Lamps And Alarm Contacts (Including RESET) 
a. Overcrank (red) – Shut Down Device & Alarm 
b. Overspeed (red) – Shut Down Device & Alarm 
c. Anticipatory low oil pressure (yellow) 
d. Low oil pressure (red) – Shut Down Device & Alarm 
e. Anticipatory high water temperature (yellow) – Pre-Alarm 
f. High water temperature (red) – Shut Down Device & Alarm 
g. Low water temperature (yellow) – Alarm  
h. Emergency stop (red) 
i. "Not in auto" (flashing red) – Alarm 
j. Low fuel (red) – Alarm 
k. System ready (green) 
l. Battery charger fault (red) – Alarm 
m. Low battery volts (red) – Alarm 
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n. Auxiliary lamp (red), spare - for fuel in Containment basin. 
o. Low coolant level (red) – Shut Down Device & Alarm 
p. Low cranking voltage alarm. 
q. Battery high-voltage alarm. 


3. Controls 
a. Lamp test switch 
b. Voltage adjusting rheostat, + or - 5 percent range 
c. Panel lamps (2) 


4. Alarm horn, with silence switch, to meet the requirements of NFPA 110.  
Note: Silencing this horn after one fault, shall not prevent it from sounding 
again should another fault condition occur. 


C. Connection to Datalink: A separate terminal block, factory wired to Form C dry 
contacts, for each alarm and status indication. Provide connections for datalink 
transmission of indications to remote data terminals via ModBus.  


D. Complete control panel shall be "rodent proof" to prevent damage to components by 
small rodents. 


E. Provide the following fuel delivery system features: 
1. Fuel shut off solenoid 
2. On/Off test switch 
3. AC/DC current breakers 
4. Contacts and indicating lamps for: 


a. System Ready 
b. High Fuel 
c. Low Fuel 
d. Liquid in containment basin 
e. Pump Running 


2.14 REMOTE ANNUNCIATOR AND START/STOP PANEL 


A. Provide and install a remote alarm/status panel as shown on the drawings.  Panel 
shall include all alarms as indicated on the engine generator instrument panel 
including: 
1. Alarm indicators for: 


a. Pre-alarm high engine temperature 
b. Pre-alarm low oil pressure 
c. Low water temperature 
d. Low fuel 
e. Battery charger fault 
f. Low battery voltage 
g. Auxiliary fault 


2. Remote Start/Stop Capability 
3. Shutdown indicators for: 


a. High water temperature 
b. Low oil pressure 
c. Emergency stop 
d. Overspeed 
e. Overcrank 


4. Status indicators for: 
a. Line power 
b. Generator power 
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c. System ready 
d. Generator switch not in "auto" 
e. Lamp test switch 
f. Alarm horn, with "Silence/Normal" switch. 


B. Annunciator panel shall be arranged for flush mounting as shown on the drawings. 


C. Provide “GenTracker” control panel and software package for remote monitoring of 
the engine generator system. 


2.15 WEATHER PROTECTIVE ENCLOSURE 


A. Provide a steel weather-protective, sound-attenuating enclosure with removable or 
hinged side panels to allow inspection and maintenance.  The enclosure shall be 
coated with ASA gray primer and two coats of high-gloss, weather-proof, sag 
resistant vinylac in the manufacturer's standard color through an electrical bonding 
process.  The enclosure shall be equipped with hinged, removable doors with 
provisions for locking.  The enclosure roof shall be peaked to allow water drainage.  
The enclosure shall be built as an integral part of the generator set and be delivered 
to the site as a complete assembly. Weather housing shall include sound 
attenuation treatment and radiator air discharge hood. 


B. Doors shall have a common keyed latch.  Provide two (2) sets of keys. 


C. Exterior holes and openings in the enclosure shall be covered with 1/4 inch 
galvanized mesh to prevent entry of birds and rodents. 


2.16 VIBRATION ISOLATION DEVICES 


A. Elastomeric Isolator Pads: Oil- and water-resistant elastomer or natural rubber, 
arranged in single or multiple layers, molded with a nonslip pattern and galvanized-
steel baseplates of sufficient stiffness for uniform loading over pad area, and factory 
cut to sizes that match requirements of supported equipment. 
1. Material:  Bridge-bearing neoprene, complying with AASHTO M 251 


separated by steel shims. 
2. Minimum Deflection:  1 inch. 


B. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic 
restraint. 
1. Housing: Steel with resilient vertical-limit stops to prevent spring extension 


due to wind loads or if weight is removed; factory-drilled baseplate bonded 
to 1/4-inch- thick, elastomeric isolator pad attached to baseplate underside; 
and adjustable equipment mounting and leveling bolt that acts as blocking 
during installation. 


2. Outside Spring Diameter: Not less than 80 percent of compressed height of 
the spring at rated load. 


3. Minimum Additional Travel: 50 percent of required deflection at rated load. 
4. Lateral Stiffness: More than 80 percent of rated vertical stiffness. 
5. Overload Capacity: Support 200 percent of rated load, fully compressed, 


without deformation or failure. 
6. Minimum Deflection:  1 inch. 
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C. Vibration isolation devices shall not be used to accommodate misalignments or to 
make bends. 


2.17 SEISMIC RESTRAINT 


A. The generator set shall be provided with isolators for installation between the base 
and the generator set.  Isolators shall be pre-approved by California Division of State 
Architect (DSA) and Statewide Health Planning and Development (OSHPD) to 
satisfy Title 24 of the California Code of Regulations. The isolators shall be 
anchored directly to the concrete foundation by means of approved anchor bolts.  A 
minimum of four (4) anchors for each isolator shall be provided by the generator set 
supplier. The fuel tank base shall be mounted directly to the foundation. 


B. Provide calculations signed by a structural engineer registered in the State of 
California verifying compliance with California Code of Regulations Title 24 for 
Seismic Design Category D. These calculations shall be a part of the submittal data 
provided. 


PART 3 - EXECUTION 


3.1 FIELD QUALITY CONTROL 


A. Inspect installation and equipment for physical damage, proper alignment, 
anchorage, grounding, and completeness. 


B. Check continuity of all circuits. 


C. Check polarity and phasing of bussing. 


D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, 
CEC, and UL standards. 


E. Check tightness of all bolted connections. 


F. Check nameplates and identification. 


G. The Contractor shall protect all equipment during shipping, delivery, storage, 
installation, and at all times during construction.  Engine generators or their 
components shall not be exposed to weather, moisture, dust, dirt, debris or damage 
during construction. 


H. The Contractor shall engage the services of the supplier's factory trained technicians 
to perform start up and testing and shall furnish test equipment.  Owner's personnel 
shall be notified in advance of this test.  Deliver with recommended oil and coolant 
installed. 
1. Check all electrical, exhaust, fuel, and water connections for proper size, 


continuity, phase rotation, and tightness of fittings.  Check all fluids for 
appropriate levels. 


2. Check jacket water heater operation. 
3. Check battery charger connections and operational voltage. 
4. Check automatic transfer switch control connections and annunciator 


connections. 
5. Start up engine and make initial start up check of all operational equipment. 
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6. Test all safety devices using methods recommended by the manufacturer. 


3.2 EXAMINATION 


A. Examine areas, equipment bases, and conditions, with Installer present, for 
compliance with requirements for installation and other conditions affecting 
packaged engine-generator performance. 


B. Examine roughing-in for piping systems and electrical connections. Verify actual 
locations of connections before packaged engine-generator installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 INSTALLATION 


A. Furnish labor and related materials, appliances, tools and equipment necessary for 
and incident to performing all operations in connection with furnishing, delivery, 
installation, training, and start-up of Diesel Engine Generators. Install engine 
generator in accordance with manufacturer's written instructions, NFPA 70, NEMA 
standards, CEC requirements and any state code. 


B. Provide a clean, level surface for installation with suitable structural strength.  Verify 
compliance with Seismic Design Category D requirements. 


C. Equipment Mounting: 
1. Install packaged engine generators on cast-in-place concrete equipment 


bases. Comply with requirements for equipment bases and foundations 
specified in Section 033000 "Cast-in-Place Concrete." 


2. Coordinate size and location of concrete bases for packaged engine 
generators. Concrete, reinforcement, and formwork requirements are 
specified with concrete. 


D. Install packaged engine-generator with elastomeric isolator pads or restrained spring 
isolators having a minimum deflection of 1 inch on 4-inch- high concrete base. 
Secure enclosure to anchor bolts installed in concrete bases. Concrete base 
construction is specified in Section 260548.16 "Seismic Controls for Electrical 
Systems." 


E. Permanently install all nameplates and circuit identification. 


F. Provide ground continuity through means of driven ground rods, bonding to building 
steel, or bonding to building grounding electrode. 


G. Install device handles to a height no greater than allowed by CEC or governing 
authority. 


H. Engine generator shall be plumb and square to building structure.  Provide CEC and 
CBC required clearance on all sides. 


I. The Contractor shall coordinate installation and schedule with all other trades and 
Owner's Representative. 
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J. The Contractor shall coordinate all components including their arrangement 
electrically and mechanically.  The silencer, exhaust pipe, and insulation installation 
shall be installed as a part of the Electrical Contract. 


K. The Contractor shall coordinate conduit entrances including method of entrance and 
connections. 


L. The Contractor shall coordinate with all other trades necessary to provide a 
complete, proper installation.  Grades, piping, structure, ducting, etc. shall be 
carefully reviewed by the Contractor prior to installation. 


M. Install condensate drain piping to muffler drain outlet full size of drain connection 
with a shutoff valve, stainless-steel flexible connector, and Schedule 40, black steel 
pipe with welded joints. 


N. Installation requirements for piping materials and flexible connectors are specified in 
Section 232116 "Hydronic Piping Specialties." Copper and galvanized steel shall not 
be used in the fuel-oil piping system. 


O. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but 
not specified to be factory mounted. 


P. All electrical connections shall be made with oil-tight, flexible conduit. 


Q. The Contractor shall be responsible for furnishing and installing the entire generator 
and automatic transfer switch.  Refer to Sections 263600 as applicable for further 
requirements.  The transfer switch equipment shall be furnished by the engine 
generator set supplier. 


R. The Contractor shall require the engine supplier to perform the entire system start 
up and acceptance testing including the engine generator, automatic transfer switch, 
distribution equipment, generator controls, transfer signals, and overall system 
operation.  The equipment supplier shall maintain a parts inventory, provide 24-hour 
emergency service and provide an equipment warranty. 


S. The Contractor shall be responsible for verifying physical space constraints, 
clearances, and layouts prior to shipment. 


3.4 CONNECTIONS 


A. Piping installation requirements are specified in other Sections. Drawings indicate 
general arrangement of piping and specialties. 


B. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged 
engine-generator to allow service and maintenance. 


C. Connect engine exhaust pipe to engine with flexible connector. 


D. Connect fuel piping to engines with a gate valve and union and flexible connector. 
1. Diesel storage tanks, tank accessories, piping, valves, and specialties for 


fuel systems are specified in Section 231113 "Facility Fuel-Oil Piping." 
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E. Ground equipment according to Section 260526 "Grounding and Bonding for 
Electrical Systems." 


F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." Provide a minimum of one 90 degree bend in flexible 
conduit routed to the generator set from a stationary element. 


G. Balance single-phase loads to obtain a maximum of 10 percent unbalance between 
any two phases. 


3.5 IDENTIFICATION 


A. Identify system components according to Section 230553 "Identification for HVAC 
Piping and Equipment" and Section 260553 "Identification for Electrical Systems." 


3.6 START-UP, TESTING, AND TRAINING 


A. The Owner's Representative and Engineer shall be given ten (10) days notice prior 
to testing.  The Contractor shall notify the appropriate Fire Marshal and governing air 
quality control agency. 


B. Equipment inspection, start-up, testing, and training shall be supervised and 
documented by the manufacturer's local representative. 


C. Tests and Inspections: 
1. Perform tests recommended by manufacturer and each visual and 


mechanical inspection and electrical and mechanical test listed in the first 
two subparagraphs as specified in NETA Acceptance Testing Specification. 
Certify compliance with test parameters. 
a. Visual and Mechanical Inspection 


1) Compare equipment nameplate data with drawings and 
specifications. 


2) Inspect physical and mechanical condition. 
3) Inspect anchorage, alignment, and grounding. 
4) Verify the unit is clean. 


b. Electrical and Mechanical Tests 
1) Perform insulation-resistance tests in accordance with 


IEEE 43. 
a) Machines larger than 200 horsepower. Test 


duration shall be 10 minutes. Calculate polarization 
index. 


b) Machines 200 horsepower or less. Test duration 
shall be one minute. Calculate the dielectric-
absorption ratio. 


2) Test protective relay devices. 
3) Verify phase rotation, phasing, and synchronized operation 


as required by the application. 
4) Functionally test engine shutdown for low oil pressure, 


overtemperature, overspeed, and other protection features 
as applicable. 


5) Conduct performance test in accordance with NFPA 110. 
6) Verify correct functioning of the governor and regulator. 







SAN DIEGO STATE UNIVERSITY         SECTION 263213 
EIS COMPLEX                 ENGINE GENERATORS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 263213 - 20 Michael Wall EngineeringACM 


2. Battery Tests: Equalize charging of battery cells according to manufacturer's 
written instructions. Record individual cell voltages. 
a. Measure charging voltage and voltages between available battery 


terminals for full-charging and float-charging conditions. Check 
electrolyte level and specific gravity under both conditions. 


b. Test for contact integrity of all connectors. Perform an integrity load 
test and a capacity load test for the battery. 


c. Verify acceptance of charge for each element of the battery after 
discharge. 


d. Verify that measurements are within manufacturer's specifications. 
3. Battery-Charger Tests: Verify specified rates of charge for both equalizing 


and float-charging conditions. 
4. System Integrity Tests: Methodically verify proper installation, connection, 


and integrity of each element of engine-generator system before and during 
system operation. Check for air, exhaust, and fluid leaks. 


5. Exhaust Emissions Test: Comply with applicable government test criteria. 
6. Voltage and Frequency Transient Stability Tests: Use recording oscilloscope 


to measure voltage and frequency transients for 50 and 100 percent step-
load increases and decreases, and verify that performance is as specified. 


7. Harmonic-Content Tests: Measure harmonic content of output voltage at 25 
percent and 100 percent of rated linear load. Verify that harmonic content is 
within specified limits. 


D. Coordinate tests with tests for transfer switches and run them concurrently. 


E. Test instruments shall have been calibrated within the last 12 months, traceable to 
NIST Calibration Services, and adequate for making positive observation of test 
results. Make calibration records available for examination on request. 


F. Leak Test: After installation, charge exhaust, coolant, and fuel systems and test for 
leaks. Repair leaks and retest until no leaks exist. 


G. Operational Test: After electrical circuitry has been energized, start units to confirm 
proper motor rotation and unit operation for generator and associated equipment. 


H. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment. 


I. Remove and replace malfunctioning units and retest as specified above. 


J. Retest: Correct deficiencies identified by tests and observations and retest until 
specified requirements are met. 


K. Report results of tests and inspections in writing. Record adjustable relay settings 
and measured insulation resistances, time delays, and other values and 
observations. Attach a label or tag to each tested component indicating satisfactory 
completion of tests. 


L. Check all circuits for continuity and safety prior to energizing.  Operate all devices to 
ensure proper installation and performance.  Notify Owner's Representative a 
minimum of seven (7) days prior to energizing such that adequate preparation is 
made for power. 
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M. Train Owner's Representative (or appropriate staff) for a period no less than two (2) 
hours in regard to start-up, operation, and maintenance of the engine generator and 
its components. All instructional training shall be professionally recorded by the 
Contractor and a DVD of the recording shall be provided to the Owner. 


N. The Contractor shall schedule, coordinate and document all air quality testing.  
Notice shall be given to manufacturer's representative, Owner's representative, 
engineer and others as necessary. 


O. The Contractor shall furnish all fuel, water, and lubricants necessary for the start-up 
and testing of the engine generator system. 


P. Upon completion of field quality review and initial system start-up, provide system 
performance testing: 
1. The initial start-up of the engine-generator set shall be performed by a 


factory-trained representative of the engine generator set manufacturer.  He 
shall furnish and install the recommended engine lubricants and fill the 
cooling system with mixture of water and corrosion inhibitor in accordance 
with the engine manufacturer's recommendations.  He shall supervise the 
load test specified, and within one week of the conclusion of the test shall 
supply the Owner's Representative with a minimum of six (6) complete sets 
of operation, maintenance, and parts manuals for all equipment. He shall 
instruct the Owner's Representative (or other designated personnel) in the 
proper operating and maintenance procedures for all components of the 
engine generator system. 


2. Demonstrate proper operation of all systems. 
3. Accessories that normally function while the set is standing by shall be 


checked prior to cranking the engine.  This shall include:  engine heaters, 
battery charger, fuel system (including level and quantity of fuel), etc. 


4. Start-up under test mode to check for exhaust leaks, path of exhaust gases, 
cooling air flow, movement during starting and stopping, vibration during 
running, normal and emergency line-to-line voltage and phase rotation. 


5. Automatic start-up by means of simulated power outage to test remote 
automatic starting, transfer of load, and automatic shutdown.  Prior to this 
test, all transfer switch timers shall be adjusted for proper systems 
coordination.  Engine temperature, oil pressure and battery charger level 
along with generator voltage, amperes, and frequency shall be monitored 
throughout the test.  Transfer switches shall be shown to properly operate 
automatically under load no less than five (5) times during testing.  All 
remote annunciation and controls shall be tested.  Verify all time delay 
settings. 


6. The contractor shall maintain a log of data at 15 minute intervals during 
testing. 


7. Provide a certified copy of site test report showing compliance with 
specifications and approval of the installation for warranty purposes. 


8. Measure and record the transient frequency and voltage dip, and recovery 
time to steady state conditions, for the single step application of rated load. 
Verify compliance with the governor and voltage regulator performance 
specified in paragraphs 2.2.5, 2.8.5, and 2.8.9. 


Q. All system deficiencies found during start-up and testing shall be immediately 
corrected by the Contractor at the Contractor's expense.  All testing shall be 
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repeated until no deficiencies are found; retesting shall be at the Contractor's 
expense. 


R. After the final testing the Contractor shall "top off" fuel to full. 


3.7 CLEANING AND REPAIR 


A. Clean weather housing interior and exterior of grease, dirt, debris, dust, excess 
paint, plaster, spackle, unused wire, etc. 


B. Repair and paint enclosure as necessary to return the enclosure to the original 
factory condition. 


C. Damage to electrical components shall be repaired in the factory. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 SYSTEM SUMMARY DESCRIPTION

		A. The standby diesel engine generator system shall consist of the following key elements:

		1. kW/kVA standby diesel engine generator set per project requirements

		2. Integral weather housing (NEMA 3R)

		3. Engine-mounted radiator

		4. Critical silencer and exhaust pipe

		5. Output circuit breaker

		6. Generator controls and transfer logic

		7. Battery and charging system

		8. Subbase tank with secondary containment

		9. Remote status annunciator and start/stop controls





		1.2 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.

		C. Section 263600 "Transfer Switches" for transfer switches including sensors and relays to initiate automatic-starting and -stopping signals for engine-generator sets.



		1.3 QUALITY ASSURANCE AND STANDARDS

		A. Contractor shall ensure that the manufacturer has a minimum of ten (10) years experience in the production of diesel engine generators.  Manufacturer shall have ability to provide replacement parts within 24 hours to protect continuity of service.



		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following as a minimum:

		1. Engine generator drawings with singleline diagram, elevation, floor plan, overall dimensions, weights, layout of components and devices, enclosure type, short circuit withstand ratings, fuel connections, nameplate schedule, interconnecting wiring diagrams, rated voltage, rated current, conductor sizes, and conduit entry points.

		2. Layout of engine generator in room, area, or yard including horizontal and vertical clearances.

		3. Vibration isolation calculations for Seismic Design category D shall be provided by the Contractor stamped and signed by a Registered Professional Structural Engineer in the State of California.

		4. Available fault current withstand ratings of all devices.

		5. Manufacturer's product data sheets indicating compliance with specifications for engine, generator, generator controls, system protection, voltage regulation, fuel tank, battery, battery charger, critical silencer, cooling system, jacket water heater, output circuit breaker, and annunciators.

		6. Seismic Qualification Certificates: For engine-generator set, accessories, and components, from manufacturer.

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		b. Dimensioned Outline Drawings of Equipment Unit: With engine and generator mounted on rails identify center of gravity and total weight including full fuel tank, supplied enclosure, external silencer, subbase-mounted fuel tank, and each piece of equipment not integral to the engine-generator set, and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		7. Ground fault testing and setting of main over-current device shall be submitted with the Contractor's electrical testing and ground testing data.

		8. Interconnection wiring diagram showing control connections between engine generator, transfer switch(es), and ancillary equipment.

		9. Installation and operation manual.

		10. Technical and performance data cut-sheets for engine, generator, automatic transfer switch, critical silencer and other components.

		11. Factory test procedures and certified prototype test reports.

		12. A copy of the specification indicating compliance or deviation for each paragraph.

		13. Bill of Material, itemizing all equipment submitted.

		14. Qualifications of the engine-generator manufacturer and of the authorized distributor including 24-hour emergency service capability.

		15. NFPA-110 prototype test verification.  

		16. Altitude and temperature derating procedures.  

		17. Frequency and voltage regulation.  

		18. Engine emission data for "pre-permitting" purposes provided on the current application form for the air quality agency having jurisdiction.  Exhaust and crankcase emission control equipment devices.

		19. Generator performance data:  Motor and load starting capability verification; temperature rise and insulation classification; short circuit sustaining capability; over-voltage safety shutdown; decrement curve for specific voltage specified.

		20. Output circuit breaker size, manufacturer, model, and short-circuit capability.

		21. Control panel features and performance.  

		22. Critical exhaust silencer attenuation rating.

		23. Jacket water heater system.

		24. Fuel storage and delivery system.  

		25. Remote annunciator and start/stop panel.

		26. Weather enclosure details.   

		27. Engine exhaust back pressure calculations.

		28. Warranty





		1.5 MAINTENANCE MATERIAL SUBMITTALS

		A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		1. Fuses: One for every 10 of each type and rating but no fewer than one of each.

		2. Indicator Lamps: Two for every six of each type used, but no fewer than two of each.

		3. Filters: One set each of lubricating oil, fuel, and combustion-air filters.

		4. Tools: Each tool listed by part number in operations and maintenance manual.





		1.6 OPERATOR MANUALS

		A. The Contractor shall furnish a minimum of six (6) operator manuals for the engine generator system at the time of start up, including, but not limited to installation procedures, assembly and rigging instructions, troubleshooting guidelines, wiring diagrams, maintenance procedures and spare parts list.  Included shall be the name, phone number, and organization of contact person for 24-hour emergency service.



		1.7 FACTORY PROTOTYPE TESTING

		A. The Contractor and system manufacturer shall submit certification of engine, generator, controls, and switchgear prototype testing as complete systems of representative engineering models. Testing shall comply NFPA-110.

		B. Specific prototype tests shall include:

		1. Maximum power (kW).

		2. Maximum starting (kVA) at 30% instantaneous voltage dip.

		3. Alternator temperature rise.

		4. Governor speed regulation under steady-state and transient conditions.

		5. Voltage regulation and generator transient response.

		6. Fuel consumption at no load, ¼, ½, ¾, and full load.

		7. Harmonic analysis, voltage waveform deviation, and telephone influence factor.

		8. Three-phase line-to-line short circuit test.

		9. Engine alternator cooling air flow (heat rejection).

		10. Torsional analysis testing.

		11. Endurance testing.





		1.8 FACTORY PRODUCTION TESTING

		A. Each engine, generator, and generator set shall be subjected to production performance tests and quality controls to insure reliable operation.  Testing shall comply with NFPA-110. These tests and controls shall include but not be limited to:

		1. Single-step load pickup.

		2. Transient and steady-state governing.

		3. Safety shutdown.

		4. Voltage regulation.

		5. Rated power at rated power factor.

		6. Maximum power.



		B. A certified test report shall be provided within 10 days of factory testing.



		1.9 WARRANTY

		A. Contractor shall guarantee equipment and installation free from defects in materials and workmanship for a period of two (2) years from the date of acceptance.



		1.10 MANUFACTURERS

		A. Manufacturers of the diesel engine generator shall be Kohler, Cummins/Onan, Caterpillar or Detroit Diesel.





		PART 2 - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Engine-generator set housing, subbase fuel tank, engine-generator set, batteries, battery racks, silencers, and sound attenuating equipment, accessories, and components shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the unit will remain in place without separation of any parts when subjected to the seismic forces specified."

		2. Shake-table testing shall comply with ICC-ES AC156. Testing shall be performed with all fluids at worst case normal levels. Water shall be substituted for diesel fuel in fuel tank during test.

		3. Component Importance Factor:  1.0.



		B. ASME Compliance: Comply with ASME B15.1.

		C. NFPA Compliance:

		1. Comply with NFPA 37.

		2. Comply with CEC.

		3. Comply with NFPA 110 requirements for Level 1 emergency power supply system.



		D. UL Compliance: Comply with UL 2200.

		E. Engine Exhaust Emissions: Comply with EPA Tier 3 and SCAQMD requirements and applicable state and local government requirements.

		F. Noise Emission: Comply with applicable state and local government requirements for maximum noise level at adjacent property boundaries due to sound emitted by generator set including engine, engine exhaust, engine cooling-air intake and discharge, and other components of installation.

		G. Environmental Conditions: Engine-generator system shall withstand the following environmental conditions without mechanical or electrical damage or degradation of performance capability:

		1. Ambient Temperature:  5 to 40 deg C.

		2. Relative Humidity: Zero to 95 percent.

		3. Altitude: Sea level to 1000 feet.





		2.2 GENERAL

		A. Unit shall be rated for standby operation during any utility power failure.  Rating shall be verified by published specification sheets of its nationally recognized manufacturer.  Generator set shall be capable of accepting rated load in one step in accordance with NFPA-110 Para. 3-5.3.1. Unit shall be built and labeled in accordance with UL2200.

		B. System rating shall be as follows:

		1. kW/0.8PF/kVA per project requirements

		2. 480Y/277V 3 phase 4W 60Hz

		3. 4 cycle 1800 RPM engines

		4. A full load current output capacity

		5. Maximum 30% transient voltage dip with +2% recovery voltage upon application of single step 100% load.

		6. No. 2 Diesel Fuel

		7. Output circuit breakers sized per project requirements

		8. Outdoor enclosure



		C. The generator set shall consist of a diesel engine connected to a generator with brushless excitation.  The generator set shall be mounted on a steel sub-base and provided with all necessary accessories, auxiliaries and control equipment for a complete and operating system.

		D. The engine generator must be capable of providing rated power within 10 seconds after failure of normal power.

		E. The engine generator must not be manufactured with Class I ozone depleting substances as defined by Federal Register Vol 57 No 86.

		F. The materials herein shall be of new and domestic manufacturer.  The engine generator shall be designed, tested, assembled, and furnished in accordance with the applicable standards.

		G. The engine generator shall be an integrated assembly of a single manufacturer.  Major components shall bear the label of a single manufacturer and shall be assembled in that manufacturer's plant(s) unless specifically approved otherwise.



		2.3 GENERATOR-SET PERFORMANCE:

		A. Steady-State Voltage Operational Bandwidth: 3 percent of rated output voltage from no load to full load.

		B. Transient Voltage Performance: Not more than 20 percent variation for 50 percent step-load increase or decrease. Voltage shall recover and remain within the steady-state operating band within three seconds.

		C. Steady-State Frequency Operational Bandwidth: 0.5 percent of rated frequency from no load to full load.

		D. Steady-State Frequency Stability: When system is operating at any constant load within the rated load, there shall be no random speed variations outside the steady-state operational band and no hunting or surging of speed.

		E. Transient Frequency Performance: Less than 5 percent variation for 50 percent step-load increase or decrease. Frequency shall recover and remain within the steady-state operating band within five seconds.

		F. Output Waveform: At no load, harmonic content measured line to line or line to neutral shall not exceed 5 percent total and 3 percent for single harmonics. Telephone influence factor, determined according to NEMA MG 1, shall not exceed 50 percent.

		G. Sustained Short-Circuit Current: For a three-phase, bolted short circuit at system output terminals, system shall supply a minimum of 250 percent of rated full-load current for not less than 10 seconds and then clear the fault automatically, without damage to generator system components.

		H. Start Time: Comply with NFPA 110, Type 10, system requirements.



		2.4 ENGINE

		A. The engine shall be 4-cycle, direct connected to the generator by a semi-flexible coupling, and both shall be mounted on a common sub-base.  The engine shall have sufficient power to produce the specified rating when operating at generator synchronous speed with all accessories required for normal operation including exhaust, fuel, cooling, and battery charging systems. Maximum engine speed shall be 1800 RPM. The engine shall have a pressure lubrication system and replaceable element oil filter. The following items are mounted on engine or skid:

		1. Filter and Strainer: Rated to remove 90 percent of particles 5 micrometers and smaller while passing full flow.

		2. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature. Unit shall be capable of full flow and is designed to be fail-safe.

		3. Crankcase Drain: Arranged for complete gravity drainage to an easily removable container with no disassembly and without use of pumps, siphons, special tools, or appliances.



		B. The generator set shall be mounted on a heavy duty steel base incorporating a battery tray and battery charger rack.  The fuel and electrical connection stub-up points shall be within the footprint of the base.  The base shall have Seismic Design Category D vibration isolators included.

		C. The engine shall be equipped with a fuel system suitable for operation on #2 diesel fuel. Fuel system shall include fuel filter, transfer pump, manual priming pump, flexible fuel lines, and primary fuel/water separator.  Fuel system shall comply with the requirements of NFPA-37 and NFPA-110.  The fuel pump shall be an engine-driven positive displacement type.  The fuel filter shall be a replaceable spin-on canister type.

		D. The engine cooling system shall be designed to provide adequate cooling at rated load in ambient temperatures up to 120 degrees F.  The system shall include a unit-mounted closed-loop radiator, belt-driven blower fan, water pump, thermostat and OSHA guards.  Cooling system shall meet the performance requirements of NFPA-110.  Provide a low water level shutdown device.

		1. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water, with anticorrosion additives as recommended by engine manufacturer.

		2. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to 110 percent load condition.

		3. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum closed-loop coolant system pressure for engine used. Equip with gage glass and petcock.

		4. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow automatically to maintain optimum constant coolant temperature as recommended by engine manufacturer.

		5.  Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer covering of aging-, ultraviolet-, and abrasion-resistant fabric.

		a. Rating: 50-psig maximum working pressure with coolant at 180 deg F, and noncollapsible under vacuum.

		b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and equipment connections.





		E. The engine governor shall maintain frequency within a 0.25 % band under steady state conditions and isochronous from no-load to full load.  Regulation shall be as defined by IEEE Std 126-1959/83.  Governor performance shall comply with EGSA 100E.

		F. Starting shall be by means of a solenoid operated positive engagement gear driven electric starter for operation on 12 or 24 volt D.C.  Note the cycle-crank requirement specified within the generator control panel.  Provide a primary and a secondary means of cranking termination in accordance with NFPA-110 Para. 3-5.4.2.  The engine shall start and provide power within ten (10) seconds.

		G. Engine protective devices shall meet the performance requirements of EGSA 100F and shall include the following:

		1. Overcrank – lockout

		2. Low oil pressure - preliminary alarm

		3. Low oil pressure – shutdown

		4. High water temperature - preliminary alarm

		5. High water temperature – shutdown

		6. Low water temperature – alarm

		7. Low water level – shutdown

		8. Overspeed – shutdown

		9. Low fuel level - alarm



		H. The engine lubrication system shall be a full pressure system supplying a continuous flow of lubricant to all moving parts.  Circulation shall be by means of positive displacement gear pump.  Full flow lubrication oil filters and series-connected oil cooler shall be provided.  The filter shall be replaceable and easily accessible. 

		I. Engine crankcase emissions shall be filtered to prevent oil mist from contaminating the engine space and to comply with Air Pollution Control District requirements for visible emissions. Filter device shall consist of a replaceable filter element and a removable reservoir for collected fluids.  Filter shall be sized for the allowable crankcase back pressure established by the engine manufacturer.

		J. Emissions: Comply with EPA Tier 3 requirements. Provide passive emission system to comply with SCAQMD requirements.

		1. Diesel Particulate Filter (DPF) shall use passive regeneration technology that utilizes a continuous regeneration technology. 

		2. Unit shall meet CARB Level 3+ to achieve a minimum 85% PM reduction. 

		3.  Controller shall indicate abnormal operation and shall annunciate alarms to the generator controller. 

		4. Regeneration shall be automatic and shall keep the filter cartridges functioning at low back pressure and peak efficiency.

		5. DPF shall incorporate an integrated diesel oxidation catalyst to reduce the soluble organic fraction, gaseous hydrocarbons and carbon monoxide.

		6. DPF shall incorporate a Hospital Critical Grade Silencer with 25-35 dBA attenuation.

		7. DPF shall be Johnson Matthey CRT or equal.

		8. Housing shall be constructed of carbon steel with high temperature zinc base primer and painted to match generator housing.



		K. Air-Intake Filter:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element and "blocked filter" indicator.



		2.5 BATTERY SET

		A. A lead acid battery set shall be provided and installed on the generator base with seismic restraints.  System voltage shall match that of the starter.  Cold-cranking amperage capacity shall conform to the requirements of SAE Standard J-537 for zero degrees Fahrenheit.  Provide insulated, stranded copper conductors to connect to the starting system. Provide specified cranking cycle at least twice without recharging.

		B. Battery Cable: Size as recommended by engine manufacturer for cable length indicated. Include required interconnecting conductors and connection accessories.

		C. Battery-Charging Alternator: Factory mounted on engine with solid-state voltage regulation and 35 A minimum continuous rating.



		2.6 BATTERY CHARGER

		A. An automatic float/equalize type battery charger shall be provided, installed with vibration isolators, and wired on the generator set. Connections to the battery shall be solid wired (clip-on type clamps not acceptable).  Input voltage shall be 120 VAC.  Charger shall be UL listed.  Output capacity shall be a minimum of 10 amps.

		B. Features shall include the following:

		1. Operation: Equalizing-charging rate of 10 A shall be initiated automatically after battery has lost charge until an adjustable equalizing voltage is achieved at battery terminals. Unit shall then be automatically switched to a lower float-charging mode and shall continue to operate in that mode until battery is discharged again.

		2. Automatic Temperature Compensation: Adjust float and equalize voltages for variations in ambient temperature from minus 40 deg F to 140 deg F to prevent overcharging at high temperatures and undercharging at low temperatures.

		3. Automatic Voltage Regulation: Maintain constant output voltage regardless of input voltage variations up to plus or minus 10 percent.

		4. Ammeter and Voltmeter: Flush mounted in door. Meters shall indicate charging rates.

		5. Low battery voltage alarm contacts, set to close if battery voltage drops below 90% of rated.

		6. Neon light to indicate the selector switch is in the "equalize" range.

		7. DC Voltmeter

		8. DC Ammeter

		9. AC Circuit Breaker on input line

		10. DC Circuit Breaker on output line

		11. Safety Functions: Sense abnormally low battery voltage and close contacts providing low battery voltage indication on control and monitoring panel. Sense high battery voltage and loss of ac input or dc output of battery charger. Either condition shall close contacts that provide a battery-charger malfunction indication at system control and monitoring panel.

		12. Power "ON" indicating lamp



		C. Battery charger enclosure shall be NEMA 1 construction arranged for convection cooling and located within the generator enclosure.



		2.7 JACKET WATER HEATER

		A. A jacket water heater, thermostatically controlled, shall be installed on the engine.  Heater shall be 2500 watts, 120 VAC input or as noted on the shop drawings.  Heater shall be mounted on the generator base rails and provided with flexible hoses to the engine.  Flexible hoses shall be rated at 300 degrees F. and 100 PSI.  Provision shall be made for isolation of the jacket water heater with 3/4 inch NPT ball-valves installed at the engine side of the flexible hoses.  Provide a disconnect safety switch, or disconnect plug, to isolate the heating element from the electrical source for maintenance purposes.  The jacket water heater shall be U.L. listed and labeled.



		2.8 DIESEL FUEL-OIL SYSTEM

		A. Comply with NFPA 30.

		B. Piping: Fuel-oil piping shall be Schedule 40 black steel, complying with requirements in Section 231113 “Facility Fuel-Oil Piping.” Cast iron, aluminum, copper, and galvanizing shall not be used in the fuel-oil system.

		C. Main Fuel Pump: Mounted on engine to provide primary fuel flow under starting and load conditions.

		D. Fuel Filtering: Remove water and contaminants larger than 1 micron.

		E. Relief-Bypass Valve: Automatically regulates pressure in fuel line and returns excess fuel to source.



		2.9 FUEL STORAGE SYSTEM

		A. Provide a sub-base mounted fuel storage tank capable of supporting the generator set at rated load for a duration determined by the project requirements.  Overall dimensions of the tank shall not exceed those of the generator enclosure.  Tank shall not extend within 12 inches of the generator end to provide access for electrical conduit from below.  Tank shall be built and labeled in accordance with UL-142.  Mounting feet shall provide clearance between bottom of tank and foundation.  The tank construction shall be welded-steel, pressure tested to 5 PSI minimum with interior rust preventative coating.

		B. Tank features shall include:

		1. Fuel-Tank Capacity: Minimum 133 percent of total fuel required for periodic maintenance operations between fuel refills, plus fuel for the hours of continuous operation for indicated EPSS class.

		2. Vandal-resistant fill cap.

		3. 2 inch filler with 6 inch stub and locking cap.

		4. Engine supply and return openings and draw tubes.

		5. Vent per UL for both primary and secondary containment.

		6. Tank leak port.

		7. Fuel level indicator gauge.

		8. Low fuel level alarm switch, set at 2 remaining hours.

		9. Secondary containment, totally closed, by double wall tank construction.  Provide alarm contact for "liquid in containment basin".  Wire contact to alarm light in the generator control panel.

		10. Manual priming pump.



		C. Provide flexible fuel lines rated for duty at 300 degrees F and 100 PSI.



		2.10 EXHAUST SYSTEM

		A. A critical degree silencer shall be provided and installed within the generator set enclosure.  Supplier shall furnish back pressure calculations for the installation verifying that engine limitation is not exceeded.  Silencer shall be arranged for horizontal mounting with bottom (or side) inlet and end outlet; the weight of the silencer shall not be carried by the engine.  Provide a stainless steel bellows type flexible exhaust connector at the engine exhaust outlet. Provide a long radius type elbow to discharge exhaust gases vertically.  Provide suitable raincap and condensate drains.  A "Critical Degree" silencer is considered to be one capable of attenuating engine exhaust noise component to 85 dBA at 10 feet in a free-field environment.  



		2.11 GENERATOR

		A. The generator shall be single bearing 4-pole, revolving field, two-thirds (2/3) pitch or five-sixths (5/6) pitch with rotating brushless exciter.  The generator shall be air cooled and drip proof.  The generator shall be directly connected to the engine with a flexible drive disk.

		B. The rotor shall have amortissuer windings and be dynamically balanced.  The amortissuer windings shall be layer wound mechanically wedged construction.

		C. The generator insulation shall be Class F and rated for insulation temperature rise not to exceed 105 degrees C at full load.  The generator and exciter insulation shall be vacuum impregnated to withstand severe environments of sand, salt, and sea spray.

		D. Construction shall prevent mechanical, electrical, and thermal damage due to vibration, overspeed up to 125 percent of rating, and heat during operation at 110 percent of rated capacity.

		E. The exciter shall be brushless, three phase, with full wave silicon diodes, surge suppression and exciter circuit breaker.

		F. The voltage regulator shall be solid state, three-phase RMS sensing, temperature compensated, asynchronous pulse width modulated.  Voltage regulation shall be +/-0.5% of rated voltage for any constant load between no load and rated load.  Voltage regulator shall turn off when alternator output voltage exceeds 110% of the operator-set voltage level for more than 10 seconds.  The regulator shall allow frequency output to decline to 58Hz before correcting the output voltage in a linear volts/hertz manner.  The regulator shall not be sensitive to SCR or Thyristor interference.

		G. The generator must be capable of maintaining control with a total harmonic distortion of up to 10%.

		H. Provide shielding of generator, exciter and regulator to prevent radio frequency interference.

		I. A permanent magnet generator (PMG) shall provide excitation power to the voltage regulator and immunity against voltage distortion caused by nonlinear loads.  The PMG shall cause rapid voltage build-up on starting, and sustain main field excitation short circuit current for selective operation and coordination of system overcurrent devices.  The PMG shall maintain 300% current for ten (10) seconds.

		J. The application of rated load at rated power in one step with the generator initially at rated speed, rated voltage and no load shall not cause a transient voltage deviation of more than 30% of the rated voltage.  The voltage shall recover to and remain within a band of 2% of rated voltage.

		K. Motor starting kVA shall be per the project requirements at near zero power factor with no more than 10% sustained RMS voltage drop of no load voltage.

		L. The generator shall have random wound or form wound coils.

		M. The generator shall be a single bearing machine with an assembly that permits easy removal and replacement.  The bearing shall be designed to prevent leakage of lubricants.

		N. A generator output circuit breaker shall be provided as follows:

		1. Molded-case, thermal-magnetic type; 100 percent rated; complying with UL 489 mounted at the generator.

		a. Tripping Characteristic: Designed specifically for generator protection.

		b. Trip Rating: Matched to generator output rating.

		c. Shunt Trip: Connected to trip breaker when generator set is shut down by other protective devices.

		d. Mounting: Adjacent to or integrated with control and monitoring panel.



		2. The device shall be rated for an ambient temperature of 104 degrees F.  This rating shall include at least 10% additional capacity for overload and operating temperature rise over 104 degrees F

		3. The device shall operate manually for normal switching operations and automatically during current overload and short circuit conditions.

		4. The circuit breaker shall be U.L. listed and meet the requirements of NEMA and CEC.

		5. The circuit breaker shall have a battery voltage operated shunt trip in the event of an engine failure or safety shutdown initiation as indicated by conditions listed in Paragraph 2.9.2.2.

		6. Ground-Fault Indication: Comply with NFPA 70, "Emergency System" signals for ground fault.

		a. Indicate ground fault with other generator-set alarm indications.

		b. Trip generator protective device on ground fault.







		2.12 MOTORS

		A. Description: NEMA MG 1, Design B, medium induction random-wound, squirrel cage motor.

		B. Efficiency: Energy efficient, as defined in NEMA MG 1.

		C. Service Factor: 1.15.

		D. Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.

		E. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will not require motor to operate in service factor range above 1.0.

		F. Temperature Rise: Match insulation rating.

		G. Code Letter Designation:

		1. Motors 15 HP and Larger: NEMA starting Code F or Code G.

		2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.



		H. Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes smaller than 324T.

		I. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are specified in electrical Sections.



		2.13 GENERATOR CONTROLLER

		A. A solid state controller shall be vibration isolated above the generator.  The microprocessor control board shall be moisture proof and capable of operation from –40 degrees C to 85 degrees C.  Relays will only be acceptable in high current circuits.  Generator set instrumentation, control, and auxiliary equipment shall meet the performance standards of EGSA 100G.  Circuitry shall be of plug-in design for quick replacement.  Controller shall be equipped to accept a plug-in device capable of allowing maintenance personnel to test controller performance without operating the engine.  The controller shall include:

		1. Fused DC circuits.

		2. Complete two-wire start/stop control, which shall operate on closure of a remote contact.

		3. Speed sensing and a second independent starter motor disengagement system shall protect against the starter engaging with a moving flywheel.  Battery charging alternator voltage will not be acceptable for this purpose.

		4. The starting system shall be designed for restarting in the event of a false engine start, by permitting the engine to completely stop and then re-engage the starter.

		5. Cranking cycler with 15-second ON and OFF cranking periods.

		6. Overcrank protection designed to open the cranking circuit after 75 seconds if the engine fails to start.

		7. Engine cool down timer factory set at five (5) minutes to permit unloaded running of the standby set after transfer of the load to normal.

		8. Four-position (Automatic-Manual-Off/Reset-Stop) selector switch.  In the test position, the engine shall start and run regardless of the position of the remote starting contacts.  In the automatic position, the engine shall start when contacts in the remote control circuit close and stop five (5) minutes after those contacts open.  In the off position, the engine shall not start even though the remote start contacts close.  This position shall also provide for immediate shutdown in case of an emergency.  Reset of any fault lamp shall also be accomplished by putting the switch to the off position.

		9. Provide minimum run time control set for 30 minutes with override only by operation of a remote emergency-stop switch.

		10. Comply with UL 508A.



		B. An engine and generator instrument panel shall be installed on the unit with vibration isolators, and include the following:

		1. Instruments (RMS indicating to 0.5% accuracy)

		a. AC Voltmeter,

		b. AC Ammeter,

		c. VM/AM phase selector switch

		d. Kilowatt Meter

		e. Frequency meter,

		f. DC Voltmeter,

		g. Engine water temperature,

		h. Engine oil pressure,

		i. Running time meter

		j. Engine speed

		k. EPS supplying load indicator.



		2. Indicator Lamps And Alarm Contacts (Including RESET)

		a. Overcrank (red) – Shut Down Device & Alarm

		b. Overspeed (red) – Shut Down Device & Alarm

		c. Anticipatory low oil pressure (yellow)

		d. Low oil pressure (red) – Shut Down Device & Alarm

		e. Anticipatory high water temperature (yellow) – Pre-Alarm

		f. High water temperature (red) – Shut Down Device & Alarm

		g. Low water temperature (yellow) – Alarm 

		h. Emergency stop (red)

		i. "Not in auto" (flashing red) – Alarm

		j. Low fuel (red) – Alarm

		k. System ready (green)

		l. Battery charger fault (red) – Alarm

		m. Low battery volts (red) – Alarm

		n. Auxiliary lamp (red), spare - for fuel in Containment basin.

		o. Low coolant level (red) – Shut Down Device & Alarm

		p. Low cranking voltage alarm.

		q. Battery high-voltage alarm.



		3. Controls

		a. Lamp test switch

		b. Voltage adjusting rheostat, + or - 5 percent range

		c. Panel lamps (2)



		4. Alarm horn, with silence switch, to meet the requirements of NFPA 110.  Note: Silencing this horn after one fault, shall not prevent it from sounding again should another fault condition occur.



		C. Connection to Datalink: A separate terminal block, factory wired to Form C dry contacts, for each alarm and status indication. Provide connections for datalink transmission of indications to remote data terminals via ModBus. 

		D. Complete control panel shall be "rodent proof" to prevent damage to components by small rodents.

		E. Provide the following fuel delivery system features:

		1. Fuel shut off solenoid

		2. On/Off test switch

		3. AC/DC current breakers

		4. Contacts and indicating lamps for:

		a. System Ready

		b. High Fuel

		c. Low Fuel

		d. Liquid in containment basin

		e. Pump Running







		2.14 REMOTE ANNUNCIATOR AND START/STOP PANEL

		A. Provide and install a remote alarm/status panel as shown on the drawings.  Panel shall include all alarms as indicated on the engine generator instrument panel including:

		1. Alarm indicators for:

		a. Pre-alarm high engine temperature

		b. Pre-alarm low oil pressure

		c. Low water temperature

		d. Low fuel

		e. Battery charger fault

		f. Low battery voltage

		g. Auxiliary fault



		2. Remote Start/Stop Capability

		3. Shutdown indicators for:

		a. High water temperature

		b. Low oil pressure

		c. Emergency stop

		d. Overspeed

		e. Overcrank



		4. Status indicators for:

		a. Line power

		b. Generator power

		c. System ready

		d. Generator switch not in "auto"

		e. Lamp test switch

		f. Alarm horn, with "Silence/Normal" switch.





		B. Annunciator panel shall be arranged for flush mounting as shown on the drawings.

		C. Provide “GenTracker” control panel and software package for remote monitoring of the engine generator system.



		2.15 WEATHER PROTECTIVE ENCLOSURE

		A. Provide a steel weather-protective, sound-attenuating enclosure with removable or hinged side panels to allow inspection and maintenance.  The enclosure shall be coated with ASA gray primer and two coats of high-gloss, weather-proof, sag resistant vinylac in the manufacturer's standard color through an electrical bonding process.  The enclosure shall be equipped with hinged, removable doors with provisions for locking.  The enclosure roof shall be peaked to allow water drainage.  The enclosure shall be built as an integral part of the generator set and be delivered to the site as a complete assembly. Weather housing shall include sound attenuation treatment and radiator air discharge hood.

		B. Doors shall have a common keyed latch.  Provide two (2) sets of keys.

		C. Exterior holes and openings in the enclosure shall be covered with 1/4 inch galvanized mesh to prevent entry of birds and rodents.



		2.16 VIBRATION ISOLATION DEVICES

		A. Elastomeric Isolator Pads: Oil- and water-resistant elastomer or natural rubber, arranged in single or multiple layers, molded with a nonslip pattern and galvanized-steel baseplates of sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match requirements of supported equipment.

		1. Material:  Bridge-bearing neoprene, complying with AASHTO M 251 separated by steel shims.

		2. Minimum Deflection:  1 inch.



		B. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic restraint.

		1. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to wind loads or if weight is removed; factory-drilled baseplate bonded to 1/4-inch- thick, elastomeric isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling bolt that acts as blocking during installation.

		2. Outside Spring Diameter: Not less than 80 percent of compressed height of the spring at rated load.

		3. Minimum Additional Travel: 50 percent of required deflection at rated load.

		4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

		5. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation or failure.

		6. Minimum Deflection:  1 inch.



		C. Vibration isolation devices shall not be used to accommodate misalignments or to make bends.



		2.17 SEISMIC RESTRAINT

		A. The generator set shall be provided with isolators for installation between the base and the generator set.  Isolators shall be pre-approved by California Division of State Architect (DSA) and Statewide Health Planning and Development (OSHPD) to satisfy Title 24 of the California Code of Regulations. The isolators shall be anchored directly to the concrete foundation by means of approved anchor bolts.  A minimum of four (4) anchors for each isolator shall be provided by the generator set supplier. The fuel tank base shall be mounted directly to the foundation.

		B. Provide calculations signed by a structural engineer registered in the State of California verifying compliance with California Code of Regulations Title 24 for Seismic Design Category D. These calculations shall be a part of the submittal data provided.





		PART 3 - EXECUTION

		3.1 FIELD QUALITY CONTROL

		A. Inspect installation and equipment for physical damage, proper alignment, anchorage, grounding, and completeness.

		B. Check continuity of all circuits.

		C. Check polarity and phasing of bussing.

		D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, CEC, and UL standards.

		E. Check tightness of all bolted connections.

		F. Check nameplates and identification.

		G. The Contractor shall protect all equipment during shipping, delivery, storage, installation, and at all times during construction.  Engine generators or their components shall not be exposed to weather, moisture, dust, dirt, debris or damage during construction.

		H. The Contractor shall engage the services of the supplier's factory trained technicians to perform start up and testing and shall furnish test equipment.  Owner's personnel shall be notified in advance of this test.  Deliver with recommended oil and coolant installed.

		1. Check all electrical, exhaust, fuel, and water connections for proper size, continuity, phase rotation, and tightness of fittings.  Check all fluids for appropriate levels.

		2. Check jacket water heater operation.

		3. Check battery charger connections and operational voltage.

		4. Check automatic transfer switch control connections and annunciator connections.

		5. Start up engine and make initial start up check of all operational equipment.

		6. Test all safety devices using methods recommended by the manufacturer.





		3.2 EXAMINATION

		A. Examine areas, equipment bases, and conditions, with Installer present, for compliance with requirements for installation and other conditions affecting packaged engine-generator performance.

		B. Examine roughing-in for piping systems and electrical connections. Verify actual locations of connections before packaged engine-generator installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 INSTALLATION

		A. Furnish labor and related materials, appliances, tools and equipment necessary for and incident to performing all operations in connection with furnishing, delivery, installation, training, and start-up of Diesel Engine Generators. Install engine generator in accordance with manufacturer's written instructions, NFPA 70, NEMA standards, CEC requirements and any state code.

		B. Provide a clean, level surface for installation with suitable structural strength.  Verify compliance with Seismic Design Category D requirements.

		C. Equipment Mounting:

		1. Install packaged engine generators on cast-in-place concrete equipment bases. Comply with requirements for equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."

		2. Coordinate size and location of concrete bases for packaged engine generators. Concrete, reinforcement, and formwork requirements are specified with concrete.



		D. Install packaged engine-generator with elastomeric isolator pads or restrained spring isolators having a minimum deflection of 1 inch on 4-inch- high concrete base. Secure enclosure to anchor bolts installed in concrete bases. Concrete base construction is specified in Section 260548.16 "Seismic Controls for Electrical Systems."

		E. Permanently install all nameplates and circuit identification.

		F. Provide ground continuity through means of driven ground rods, bonding to building steel, or bonding to building grounding electrode.

		G. Install device handles to a height no greater than allowed by CEC or governing authority.

		H. Engine generator shall be plumb and square to building structure.  Provide CEC and CBC required clearance on all sides.

		I. The Contractor shall coordinate installation and schedule with all other trades and Owner's Representative.

		J. The Contractor shall coordinate all components including their arrangement electrically and mechanically.  The silencer, exhaust pipe, and insulation installation shall be installed as a part of the Electrical Contract.

		K. The Contractor shall coordinate conduit entrances including method of entrance and connections.

		L. The Contractor shall coordinate with all other trades necessary to provide a complete, proper installation.  Grades, piping, structure, ducting, etc. shall be carefully reviewed by the Contractor prior to installation.

		M. Install condensate drain piping to muffler drain outlet full size of drain connection with a shutoff valve, stainless-steel flexible connector, and Schedule 40, black steel pipe with welded joints.

		N. Installation requirements for piping materials and flexible connectors are specified in Section 232116 "Hydronic Piping Specialties." Copper and galvanized steel shall not be used in the fuel-oil piping system.

		O. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not specified to be factory mounted.

		P. All electrical connections shall be made with oil-tight, flexible conduit.

		Q. The Contractor shall be responsible for furnishing and installing the entire generator and automatic transfer switch.  Refer to Sections 263600 as applicable for further requirements.  The transfer switch equipment shall be furnished by the engine generator set supplier.

		R. The Contractor shall require the engine supplier to perform the entire system start up and acceptance testing including the engine generator, automatic transfer switch, distribution equipment, generator controls, transfer signals, and overall system operation.  The equipment supplier shall maintain a parts inventory, provide 24-hour emergency service and provide an equipment warranty.

		S. The Contractor shall be responsible for verifying physical space constraints, clearances, and layouts prior to shipment.



		3.4 CONNECTIONS

		A. Piping installation requirements are specified in other Sections. Drawings indicate general arrangement of piping and specialties.

		B. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine-generator to allow service and maintenance.

		C. Connect engine exhaust pipe to engine with flexible connector.

		D. Connect fuel piping to engines with a gate valve and union and flexible connector.

		1. Diesel storage tanks, tank accessories, piping, valves, and specialties for fuel systems are specified in Section 231113 "Facility Fuel-Oil Piping."



		E. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

		F. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables." Provide a minimum of one 90 degree bend in flexible conduit routed to the generator set from a stationary element.

		G. Balance single-phase loads to obtain a maximum of 10 percent unbalance between any two phases.



		3.5 IDENTIFICATION

		A. Identify system components according to Section 230553 "Identification for HVAC Piping and Equipment" and Section 260553 "Identification for Electrical Systems."



		3.6 START-UP, TESTING, AND TRAINING

		A. The Owner's Representative and Engineer shall be given ten (10) days notice prior to testing.  The Contractor shall notify the appropriate Fire Marshal and governing air quality control agency.

		B. Equipment inspection, start-up, testing, and training shall be supervised and documented by the manufacturer's local representative.

		C. Tests and Inspections:

		1. Perform tests recommended by manufacturer and each visual and mechanical inspection and electrical and mechanical test listed in the first two subparagraphs as specified in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		a. Visual and Mechanical Inspection

		1) Compare equipment nameplate data with drawings and specifications.

		2) Inspect physical and mechanical condition.

		3) Inspect anchorage, alignment, and grounding.

		4) Verify the unit is clean.



		b. Electrical and Mechanical Tests

		1) Perform insulation-resistance tests in accordance with IEEE 43.

		a) Machines larger than 200 horsepower. Test duration shall be 10 minutes. Calculate polarization index.

		b) Machines 200 horsepower or less. Test duration shall be one minute. Calculate the dielectric-absorption ratio.



		2) Test protective relay devices.

		3) Verify phase rotation, phasing, and synchronized operation as required by the application.

		4) Functionally test engine shutdown for low oil pressure, overtemperature, overspeed, and other protection features as applicable.

		5) Conduct performance test in accordance with NFPA 110.

		6) Verify correct functioning of the governor and regulator.





		2. Battery Tests: Equalize charging of battery cells according to manufacturer's written instructions. Record individual cell voltages.

		a. Measure charging voltage and voltages between available battery terminals for full-charging and float-charging conditions. Check electrolyte level and specific gravity under both conditions.

		b. Test for contact integrity of all connectors. Perform an integrity load test and a capacity load test for the battery.

		c. Verify acceptance of charge for each element of the battery after discharge.

		d. Verify that measurements are within manufacturer's specifications.



		3. Battery-Charger Tests: Verify specified rates of charge for both equalizing and float-charging conditions.

		4. System Integrity Tests: Methodically verify proper installation, connection, and integrity of each element of engine-generator system before and during system operation. Check for air, exhaust, and fluid leaks.

		5. Exhaust Emissions Test: Comply with applicable government test criteria.

		6. Voltage and Frequency Transient Stability Tests: Use recording oscilloscope to measure voltage and frequency transients for 50 and 100 percent step-load increases and decreases, and verify that performance is as specified.

		7. Harmonic-Content Tests: Measure harmonic content of output voltage at 25 percent and 100 percent of rated linear load. Verify that harmonic content is within specified limits.



		D. Coordinate tests with tests for transfer switches and run them concurrently.

		E. Test instruments shall have been calibrated within the last 12 months, traceable to NIST Calibration Services, and adequate for making positive observation of test results. Make calibration records available for examination on request.

		F. Leak Test: After installation, charge exhaust, coolant, and fuel systems and test for leaks. Repair leaks and retest until no leaks exist.

		G. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation for generator and associated equipment.

		H. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

		I. Remove and replace malfunctioning units and retest as specified above.

		J. Retest: Correct deficiencies identified by tests and observations and retest until specified requirements are met.

		K. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation resistances, time delays, and other values and observations. Attach a label or tag to each tested component indicating satisfactory completion of tests.

		L. Check all circuits for continuity and safety prior to energizing.  Operate all devices to ensure proper installation and performance.  Notify Owner's Representative a minimum of seven (7) days prior to energizing such that adequate preparation is made for power.

		M. Train Owner's Representative (or appropriate staff) for a period no less than two (2) hours in regard to start-up, operation, and maintenance of the engine generator and its components. All instructional training shall be professionally recorded by the Contractor and a DVD of the recording shall be provided to the Owner.

		N. The Contractor shall schedule, coordinate and document all air quality testing.  Notice shall be given to manufacturer's representative, Owner's representative, engineer and others as necessary.

		O. The Contractor shall furnish all fuel, water, and lubricants necessary for the start-up and testing of the engine generator system.

		P. Upon completion of field quality review and initial system start-up, provide system performance testing:

		1. The initial start-up of the engine-generator set shall be performed by a factory-trained representative of the engine generator set manufacturer.  He shall furnish and install the recommended engine lubricants and fill the cooling system with mixture of water and corrosion inhibitor in accordance with the engine manufacturer's recommendations.  He shall supervise the load test specified, and within one week of the conclusion of the test shall supply the Owner's Representative with a minimum of six (6) complete sets of operation, maintenance, and parts manuals for all equipment. He shall instruct the Owner's Representative (or other designated personnel) in the proper operating and maintenance procedures for all components of the engine generator system.

		2. Demonstrate proper operation of all systems.

		3. Accessories that normally function while the set is standing by shall be checked prior to cranking the engine.  This shall include:  engine heaters, battery charger, fuel system (including level and quantity of fuel), etc.

		4. Start-up under test mode to check for exhaust leaks, path of exhaust gases, cooling air flow, movement during starting and stopping, vibration during running, normal and emergency line-to-line voltage and phase rotation.

		5. Automatic start-up by means of simulated power outage to test remote automatic starting, transfer of load, and automatic shutdown.  Prior to this test, all transfer switch timers shall be adjusted for proper systems coordination.  Engine temperature, oil pressure and battery charger level along with generator voltage, amperes, and frequency shall be monitored throughout the test.  Transfer switches shall be shown to properly operate automatically under load no less than five (5) times during testing.  All remote annunciation and controls shall be tested.  Verify all time delay settings.

		6. The contractor shall maintain a log of data at 15 minute intervals during testing.

		7. Provide a certified copy of site test report showing compliance with specifications and approval of the installation for warranty purposes.

		8. Measure and record the transient frequency and voltage dip, and recovery time to steady state conditions, for the single step application of rated load. Verify compliance with the governor and voltage regulator performance specified in paragraphs 2.2.5, 2.8.5, and 2.8.9.



		Q. All system deficiencies found during start-up and testing shall be immediately corrected by the Contractor at the Contractor's expense.  All testing shall be repeated until no deficiencies are found; retesting shall be at the Contractor's expense.

		R. After the final testing the Contractor shall "top off" fuel to full.



		3.7 CLEANING AND REPAIR

		A. Clean weather housing interior and exterior of grease, dirt, debris, dust, excess paint, plaster, spackle, unused wire, etc.

		B. Repair and paint enclosure as necessary to return the enclosure to the original factory condition.

		C. Damage to electrical components shall be repaired in the factory.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section includes transfer switches rated 600 V and less, including the following: 
1. Automatic transfer switches. 
2. Remote annunciation and control systems. 


1.3 SCOPE 


A. Furnish labor and related materials, appliances, tools and equipment necessary for 
and incident to performing all operations in connection with furnishing, delivery, 
installation, training and start-up of Automatic Transfer Switches. 


B. The materials herein shall be of new and domestic manufacturer.  The transfer 
switch shall be designed, tested, assembled, and furnished in accordance with the 
applicable standards. 


C. The transfer switch shall be an integrated assembly of a single manufacturer.  Major 
components shall bear the label of a single manufacturer and shall be assembled in 
that manufacturer's plant(s) unless specifically approved otherwise. 


D. The contractor shall be responsible for verifying physical space constraints, 
clearances, and layouts prior to shipment. 


E. The transfer switch shall be furnished by the engine generator set supplier. 


F. The Contractor shall engage the services of a supplier capable of providing 
equipment as specified, maintaining parts inventory, performing initial start-up, 
warranty, and 24 hour emergency service. 


G. Refer to Construction Documents and specifications herein for arrangement of 
components. 


1.4 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the State of California, including the regulations of serving utilities and 
any participating government agencies having jurisdiction. 
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B. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


C. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


D. Contractor shall ensure that the manufacturer has a minimum of ten (10) years 
experience in the production of Automatic Transfer Switches.  Manufacturer shall 
have ability to readily provide replacement parts and qualified field service 
technicians to protect continuity of service 


1.5 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Transfer switch drawings with single line diagram, elevation, floor plan, 


overall dimensions, weights, layout of components and devices, enclosure 
type, short circuit withstand ratings, seismic calculations, nameplate 
schedule, anchor points, front panel layout, conduit area and entry points, 
interconnecting wiring diagrams, rated voltage, rated current, and conductor 
sizes. 


2. Layout of transfer switch in room, area, or yard including horizontal and 
vertical clearances. 


3. Wiring diagrams for interconnection between engine generator, transfer 
switches and auxiliary devices. 


4. Available fault current withstand ratings. 
5. Operation and Maintenance Data: For each type of product to include in 


emergency, operation, and maintenance manuals. In addition to items 
specified in Section 017823 "Operation and Maintenance Data," include the 
following: 
a. Features and operating sequences, both automatic and manual. 
b. List of all factory settings of relays; provide relay-setting and 


calibration instructions, including software, where applicable. 
6. Installation instructions. 
7. Technical cut-sheets for transfer switch, instrumentation, heaters and other 


components. 
8. Factory test results. 
9. Certified prototype test reports. 
10. An annotated copy of the specifications indicating at each paragraph 


whether or not the proposed equipment complies with the specifications.  
Any deviations shall be clearly explained. 


11. Qualifications of factory authorized 24-hour emergency response technician 
including location and quantity of technicians. Service center shall be 
capable of providing training, parts, and emergency maintenance repairs 
within a response period of less than eight hours from time of notification. 


12. Manufacturer Seismic Qualification Certification: Submit certification that 
transfer switches accessories, and components will withstand seismic forces 
defined in Section 260548.16 "Seismic Controls for Electrical Systems." 
Include the following: 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
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1) The term "withstand" means "the unit will remain in place 
without separation of any parts from the device when 
subjected to the seismic forces specified." 


b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 
gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


13. Warranty. 


1.6 FACTORY TESTING 


A. Factory testing shall be provided for all transfer switches. 


B. Factory test results shall be provided to the Engineer and Owner's Representative 
for review. 


C. All factory tests shall be made in strict accordance with ANSI, NEMA, and NETA 
standards and shall be certified in writing. 


D. All factory tests shall be available to be witnessed by the Owner's Representative, 
Consulting Engineer and Contractor at the factory upon advance request.  
Transportation, lodging, and food shall be provided by the Contractor or 
Manufacturer.  The schedule for witness testing shall be negotiated with the Owner's 
Representative. 


E. Provide certified prototype test data on a transfer switch of the same design and 
rating to confirm the following switching capabilities: 
1. Overload and endurance capacity testing per UL-1008. 
2. Temperature rise testing at 100% rated current after the overload and 


endurance tests. 
3. Withstand current tests per UL-1008, at 480 volts and X/R ratio of 6:1.  No 


welding of contacts shall occur and transfer switch shall be operable to 
alternate source after the withstand current tests. 


4. Dielectric voltage withstand tests at 1960 volts RMS minimum after 
withstand test. 


5. Withstand and closing test. 
6. Voltage surge withstand capability per IEEE-587-1980. 


F. Provide factory production test data on each transfer switch as follows: 
1. The complete transfer switch shall be tested to ensure proper operation of 


the individual components and correct overall sequence of operation, and to 
ensure that the operating transfer time, voltage, frequency, and time delay 
settings are in compliance with specification requirements. 


2. The complete transfer switch shall be subjected to a dielectric strength test 
per NEMA Standard ICS 1.109.05. 


1.7 WARRANTY 


A. Contractor shall guarantee equipment and installation free from defects in materials 
and workmanship for a period of five (5) years from the date of start-up. 
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1. Source Limitations: Obtain automatic transfer switches and remote 
annunciator and control panels through one source from a single 
manufacturer. 


1.8 MANUFACTURERS 


A. Manufacturer of the Automatic Transfer Switch shall be Russelectric, Zenith or 
equal. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. The transfer switch shall be fully compatible with the emergency power system 
components including generators and generator control equipment. 


B. The transfer switch and installation shall include the necessary features and 
accessories for a complete operational system as shown on the drawings and 
specified herein. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. Comply with NEMA ICS 1. 


E. Comply with CEC. 


F. The transfer switch shall conform to the requirements of UL-1008. 


G. The complete switch assembly shall be listed under UL-1008 for use on emergency 
and legally required standby systems in accordance with CEC and NFPA 99 
requirements. 


H. Transfer switches utilizing circuit breakers or molded-case switches are not 
acceptable. 


I. The transfer switch shall be rated for a minimum close and withstand rating (3 cycle) 
of 85,000A RMS symmetrical unless specifically stated otherwise in the construction 
documents.  Rating shall be obtained without contact welding.  The rating shall be 
verified by U.L. 


J. Transfer switch shall be rated to carry 100% of the rated current continuously in the 
enclosure in an ambient temperature of 122 degrees F. 


K. The withstand and close rating of the fourth pole shall exactly match that of the main 
poles. 


2.2 RATINGS 


A. The transfer switch shall be automatic type. 
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A.B. The transfer switch shall be rated as follows: 
1. Continuous duty with switched neutral (ampacity and poles shall be project 


specific) 
2. 480Y/277V 3PH 4W 60Hz (shall be project specific) 
3. Withstand and close rating of 85,000A RMS symmetrical 
4. Suitable for indoor use (NEMA 1) 
5. Equipment shall be floor-mounted type. 
6. Dual-motor operator for time-delay-in-neutral operation or approved 


equivalent operation 


2.3 ACCESSORIES 


A. The following accessories shall be factory installed in the transfer switch: 
1. Annunciation, Control, and Programming Interface Components: Devices at 


transfer switches for communicating with remote programming devices, 
annunciators, or annunciator and control panels shall have communication 
capability matched with remote device. 


2. Engine-Generator Exerciser: Solid-state, programmable-time switch starts 
engine generator and transfers load to it from normal source for a preset 
time, then retransfers and shuts down engine after a preset cool-down 
period. Initiates exercise cycle at preset intervals adjustable from 7 to 30 
days. Running periods are adjustable from 10 to 30 minutes. Factory 
settings are for 7-day exercise cycle, 20-minute running period, and 5-
minute cool-down period. Exerciser features include the following: 
a. Exerciser Transfer Selector Switch: Permits selection of exercise 


with and without load transfer. 
b. Push-button programming control with digital display of settings. 
c. Integral battery operation of time switch when normal control power 


is not available. 
3. Adjustable close differential solid state 3-phase sensing relay energized 


from the normal source, factory set to pick up at 90% and drop out at 80% of 
rated voltage. 


4. Adjustable 3-phase overvoltage, undervoltage, overfrequency, and 
underfrequency sensing of normal and emergency sources. 


5. Adjustable relay to prevent transfer to emergency until voltage and 
frequency of generating plant have reached acceptable limits.  Factory set 
at 90% of rated value. 


6. 3-phase sequence detection to verify proper installation of normal and 
emergency phase conductors. 


7. Time delay on transfer to emergency.  Solid state type, adjustable 1-300 
seconds. 


8. Push button to bypass time delay on retransfer to normal. 
9. Load shed relay energized by DC signal or remote contact closure to 


disconnect the load from the emergency source when an overloaded 
condition occurs.   


10. Block transfer relay energized by DC signal or remote contact closure to 
allow transfer to emergency with 2-position key operated switch to bypass 
block transfer to emergency. 


11. External manual operator. 
12. Digital ammeter to read current in all three-phases of load circuit. 
13. Digital voltmeter to read phase-to-phase and phase-to-neutral voltage of 


emergency source. 
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2.4 CONSTRUCTION 


A. Transfer switches shall be double throw, actuated by two electrical operators, 
momentarily energized and connected to the transfer mechanism by a simple 
overcenter linkage, with a minimum transfer time of 400 milliseconds.   


B. The normal and emergency contacts shall be positively interlocked mechanically 
and electrically to prevent simultaneous closing.  Main contacts shall be 
mechanically locked in position in both the normal and emergency positions without 
the use of hooks, latches, magnets or springs and shall be silver-tungsten alloy.  
Separate arcing contacts, with magnetic blowouts, shall be provided on all transfer 
switches.  Interlocked molded case circuit breakers or contactors are not acceptable. 


C. The transfer switch shall be equipped with a permanently attached, safe manual 
operator arranged so that the transfer switch can be operated manually under load 
without opening the enclosure door.  The external manual operator shall provide the 
same contact-to-contact transfer speed as the electrical operator to prevent a 
flashover from switching the main contacts too slowly. 


D. Solid-State Controls: Repetitive accuracy of all settings shall be plus or minus 2 
percent or better over an operating temperature range of minus 20 to plus 70 deg C. 


E. Resistance to Damage by Voltage Transients: Components shall meet or exceed 
voltage-surge withstand capability requirements when tested according to 
IEEE C62.41. Components shall meet or exceed voltage-impulse withstand test of 
NEMA ICS 1. 


F. Neutral Switching. Where four-pole switches are indicated, provide neutral pole 
switched simultaneously with phase poles. 


G. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop 
Drawings, either by color-code or by numbered or lettered wire and cable tape 
markers at terminations. Color-coding and wire and cable tape markers are specified 
in Section 260553 "Identification for Electrical Systems." 
1. Designated Terminals: Pressure type, suitable for types and sizes of field 


wiring indicated. 
2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, 


or bottom entrance of feeder conductors as indicated. 
3. Control Wiring: Equipped with lugs suitable for connection to terminal strips. 


H. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry 
contacts operates in advance of retransfer to normal source. Interval is adjustable 
from 1 to 30 seconds. 


I. Digital Communication Interface: Matched to capability of remote annunciator or 
annunciator and control panel. 


J. Automatic Closed-Transition Transfer Switches: Include the following functions and 
characteristics: 
1. Fully automatic make-before-break operation. 
2. Load transfer without interruption, through momentary interconnection of 


both power sources not exceeding 100 ms. 







SAN DIEGO STATE UNIVERSITY         SECTION 263600 
EIS COMPLEX                           TRANSFER SWITCH 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 263600 - 7 Michael Wall EngineeringACM 


3. Initiation of No-Interruption Transfer: Controlled by in-phase monitor and 
sensors confirming both sources are present and acceptable. 
a. Initiation occurs without active control of generator. 
b. Controls ensure that closed-transition load transfer closure occurs 


only when the 2 sources are within plus or minus 5 electrical 
degrees maximum, and plus or minus 5 percent maximum voltage 
difference. 


4. Failure of power source serving load initiates automatic break-before-make 
transfer. 


K. Automatic Transfer-Switch Features: 
1. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-


to-ground voltage on each phase. Pickup voltage shall be adjustable from 
85 to 100 percent of nominal, and dropout voltage is adjustable from 75 to 
98 percent of pickup value.   


2. Adjustable Time Delay: For override of normal-source voltage sensing to 
delay transfer and engine start signals. Adjustable from zero to six seconds, 
and factory set for one second. 


3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. 
Pickup voltage shall be adjustable from 85 to 100 percent of nominal. 
Factory set for pickup at 90 percent. Pickup frequency shall be adjustable 
from 90 to 100 percent of nominal. Factory set for pickup at 95 percent. 


4. Time Delay for Retransfer to Normal Source: Adjustable from 0 to 30 
minutes, and factory set for 10 minutes to automatically defeat delay on loss 
of voltage or sustained undervoltage of emergency source, provided normal 
supply has been restored. 


5. Test Switch: Simulate normal-source failure. 
6. Switch-Position Pilot Lights: Indicate source to which load is connected. 
7. Source-Available Indicating Lights: Supervise sources via transfer-switch 


normal- and emergency-source sensing circuits. 
a. Normal Power Supervision: Green light with nameplate engraved 


"Normal Source Available." 
b. Emergency Power Supervision: Red light with nameplate engraved 


"Emergency Source Available." 
8. Unassigned Auxiliary Contacts: Two normally closed, single-pole, double-


throw contacts for each switch position, rated 15 A at 120-V ac. 
9. Transfer Override Switch: Overrides automatic retransfer control so 


automatic transfer switch will remain connected to emergency power source 
regardless of condition of normal source. Pilot light indicates override status. 


10. Engine Starting Contacts: One isolated and normally closed, and one 
isolated and normally open; rated 10 A at 32-V dc minimum. 


11. Engine Shutdown Contacts: Time delay adjustable from zero to five 
minutes, and factory set for five minutes. Contacts shall initiate shutdown at 
remote engine-generator controls after retransfer of load to normal source. 


2.5 REMOTE ANNUNCIATOR AND CONTROL SYSTEM 


A. Functional Description: Include the following functions for indicated transfer 
switches: 
1. Indication of sources available, as defined by actual pickup and dropout 


settings of transfer-switch controls. 
2. Indication of switch position. 
3. Indication of switch in test mode. 
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4. Indication of failure of digital communication link. 
5. Key-switch or user-code access to control functions of panel. 
6. Control of switch-test initiation. 
7. Control of switch operation in either direction. 


B. Malfunction of annunciator, annunciation and control panel, or communication link 
shall not affect functions of automatic transfer switch. In the event of failure of 
communication link, automatic transfer switch automatically reverts to stand-alone, 
self-contained operation. Automatic transfer-switch sensing, controlling, or operating 
function shall not depend on remote panel for proper operation. 


C. Remote Annunciation and Control Panel: Solid-state components. Include the 
following features: 
1. Controls and indicating lights grouped together for each transfer switch. 
2. Label each indicating light control group. Indicate transfer switch it controls, 


location of switch, and load it serves. 
3. Digital Communication Capability: Matched to that of transfer switches 


supervised. 
4. Mounting: Flush, modular, steel cabinet, unless otherwise indicated. 


2.6 SEQUENCE OF OPERATION 


A. The transfer switch shall transfer to emergency when 90% of rated voltage and 
frequency has been reached.  Should the voltage of the normal source drop below 
80% on any phase after an adjustable time delay of 0.5-6 seconds (factory set at 3 
seconds to allow for momentary dips), the transfer switch will switch to emergency.  
After restoration of normal power on all phases to 90% of rated voltage, an 
adjustable time delay period of zero to 25 minutes (factory set at 5 minutes) shall 
delay retransfer to allow stabilization of normal power.  If the emergency power 
source should fail during this time delay period, the switch shall automatically return 
to the normal source.  A test switch shall be included to simulate normal power 
failure, and pilot lights shall be mounted on the cabinet door to indicate the switch 
position.  Two auxiliary contacts rated 15 amp, 120 volts shall be mounted on the 
main shaft, two closed on normal, two closed on emergency.  Both contacts shall be 
wired to a terminal strip for ease of customer connections.  In addition, one set of 
relay contacts shall be provided to open upon loss of the normal power supply.  All 
relays, timers, control wiring and accessories shall be front accessible.  All control 
wires shall be 600 volt, SIS switchboard type.   All control wire terminations shall be 
identified by permanent -type markers. 


PART 3 - EXECUTION 


3.1 COORDINATION 


A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. 
Concrete, reinforcement, and formwork requirements are specified in 
Section 033000 "Cast-in-Place Concrete." 


3.2 FIELD QUALITY CONTROL 


A. Inspect installation for physical damage, proper alignment, anchorage, grounding, 
and completeness. 
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B. Check continuity of all circuits. 


C. Check polarity and phasing of bussing. 


D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, 
CEC, and UL standards. 


E. Check tightness of all bolted connections. 


F. Check nameplates and identification. 


G. The Contractor shall protect all equipment during shipping, delivery, storage, 
installation, and at all times during construction.  Transfer switches or their 
components shall not be exposed to weather, moisture, dust, dirt, debris or damage 
during construction. 


3.3 INSTALLATION 


A. Install transfer switch in accordance with manufacturer's written instructions, NFPA 
and NEMA standards, and CEC requirements. 


B. Provide clean, level surface for installation with suitable structural strength.  Verify 
compliance with Seismic Design Category D requirements. 


C. Floor-Mounting Switch: Anchor to floor by bolting. 
1. Concrete Bases: 4 inches high, reinforced, with chamfered edges. Extend 


base no more than 4 inches in all directions beyond the maximum 
dimensions of switch, unless otherwise indicated or unless required for 
seismic support. Construct concrete bases according to Section 260529 
"Supports and Hangers for Electrical Systems." 


D. Permanently install all nameplates and circuit identification. 


E. Install device handles to a height no greater than allowed by CEC or governing 
authority. 


F. Transfer switch shall be plumb and square to building structure.  Provide CEC and 
CBC required clearance on all sides. 


G. Coordinate installation and schedule with all other trades and Owner's 
Representative. 


H. The Contractor shall coordinate all components including their arrangement 
electrically and mechanically. 


I. The Contractor shall coordinate conduit entrances including method of entrance and 
connections. 


J. The Contractor shall coordinate with all other trades necessary to provide a 
complete, proper installation.  Grades, piping, structure, ducting, etc. shall be 
carefully reviewed by the Contractor prior to installation. 


K. Annunciator and Control Panel Mounting: Flush in wall, unless otherwise indicated. 
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L. Identify components according to Section 260553 "Identification for Electrical 
Systems." 


M. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 


3.4 CONNECTIONS 


A. Wiring to Remote Components: Match type and number of cables and conductors to 
control and communication requirements of transfer switches as recommended by 
manufacturer. Increase raceway sizes at no additional cost to Owner if necessary to 
accommodate required wiring. 


B. Ground equipment according to Section 260526 "Grounding and Bonding for 
Electrical Systems." 


C. Connect wiring according to Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables." 


3.5 FIELD QUALITY CONTROL 


A. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 


B. Perform the following tests and inspections: 
1. After installing equipment and after electrical circuitry has been energized, 


test for compliance with requirements. 
2. Perform each visual and mechanical inspection and electrical test stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 


3. Measure insulation resistance phase-to-phase and phase-to-ground with 
insulation-resistance tester. Use test voltages and procedure recommended 
by manufacturer. Comply with manufacturer's specified minimum resistance. 
a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and 


integrity of barriers, covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 


4. After energizing circuits, demonstrate interlocking sequence and operational 
function for each switch at least three times. 
a. Simulate power failures of normal source to automatic transfer 


switches and of emergency source with normal source available. 
b. Simulate loss of phase-to-ground voltage for each phase of normal 


source. 
c. Verify time-delay settings. 
d. Verify pickup and dropout voltages by data readout or inspection of 


control settings. 
e. Test bypass/isolation unit functional modes and related automatic 


transfer-switch operations. 
f. Verify proper sequence and correct timing of automatic engine 


starting, transfer time delay, retransfer time delay on restoration of 
normal power, and engine cool-down and shutdown. 
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5. Ground-Fault Tests: Coordinate with testing of ground-fault protective 
devices for power delivery from both sources. 
a. Verify grounding connections and locations and ratings of sensors. 


C. Coordinate tests with tests of generator and run them concurrently. 


D. Report results of tests and inspections in writing. Record adjustable relay settings 
and measured insulation and contact resistances and time delays. Attach a label or 
tag to each tested component indicating satisfactory completion of tests. 


E. Remove and replace malfunctioning units and retest as specified above. 


F. Prepare test and inspection reports. 


3.6 INSTRUCTION MANUAL 


A. The manufacturer shall submit within one week prior to shipment of the transfer 
switch, operation and maintenance manuals suitable for the specific items to be 
supplied, including such information as: 
1. Interconnection diagrams. 
2. Drawings. 
3. Instruction describing procedures for items which are to be shipped 


disassembled but which are to be assembled when delivered on-site. 
4. Special rigging instructions. 
5. Accessories. 
6. Enclosure assembly and disassembly. 
7. Other information designed to assist in proper operation and periodic 


maintenance of the equipment being supplied.   
8. Table of contents and tab separators. 
9. "As manufactured" drawings and wiring diagrams. 


3.7 START-UP AND TRAINING 


A. Equipment inspection, start-up, testing and training shall be supervised and 
documented by the supplier. 


B. Check all circuits for continuity and safety prior to energization.  Notify Owner's 
Representative prior to energization such that adequate preparation is made for 
power. 


C. Provide Owner's Representative with instruction and operating manuals. 


D. Train Owner's Representative (or appropriate staff) for a period no less than two (2) 
hours in regard to start-up, operation, and maintenance of the transfer switch and its 
components. All instructional training shall be professionally recorded by the 
Contractor and a DVD of the recording shall be provided to the Owner. 


E. Refer to Section 263213 Engine Generator start-up and training specification 
requirements for further transfer switch requirements. 
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3.8 CLEANING AND REPAIR 


A. Clean transfer switch interior and exterior of grease, dirt, debris, dust, excess paint, 
plaster, spackle, unused wire, etc. 


B. Repair and paint enclosure as necessary to return the enclosure to the original 
factory condition. 


C. Damage to electrical components shall be repaired in the factory. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section includes transfer switches rated 600 V and less, including the following:

		1. Automatic transfer switches.

		2. Remote annunciation and control systems.





		1.3 SCOPE

		A. Furnish labor and related materials, appliances, tools and equipment necessary for and incident to performing all operations in connection with furnishing, delivery, installation, training and start-up of Automatic Transfer Switches.

		B. The materials herein shall be of new and domestic manufacturer.  The transfer switch shall be designed, tested, assembled, and furnished in accordance with the applicable standards.

		C. The transfer switch shall be an integrated assembly of a single manufacturer.  Major components shall bear the label of a single manufacturer and shall be assembled in that manufacturer's plant(s) unless specifically approved otherwise.

		D. The contractor shall be responsible for verifying physical space constraints, clearances, and layouts prior to shipment.

		E. The transfer switch shall be furnished by the engine generator set supplier.

		F. The Contractor shall engage the services of a supplier capable of providing equipment as specified, maintaining parts inventory, performing initial start-up, warranty, and 24 hour emergency service.

		G. Refer to Construction Documents and specifications herein for arrangement of components.



		1.4 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the State of California, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		C. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the contractor.

		D. Contractor shall ensure that the manufacturer has a minimum of ten (10) years experience in the production of Automatic Transfer Switches.  Manufacturer shall have ability to readily provide replacement parts and qualified field service technicians to protect continuity of service



		1.5 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following:

		1. Transfer switch drawings with single line diagram, elevation, floor plan, overall dimensions, weights, layout of components and devices, enclosure type, short circuit withstand ratings, seismic calculations, nameplate schedule, anchor points, front panel layout, conduit area and entry points, interconnecting wiring diagrams, rated voltage, rated current, and conductor sizes.

		2. Layout of transfer switch in room, area, or yard including horizontal and vertical clearances.

		3. Wiring diagrams for interconnection between engine generator, transfer switches and auxiliary devices.

		4. Available fault current withstand ratings.

		5. Operation and Maintenance Data: For each type of product to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:

		a. Features and operating sequences, both automatic and manual.

		b. List of all factory settings of relays; provide relay-setting and calibration instructions, including software, where applicable.



		6. Installation instructions.

		7. Technical cut-sheets for transfer switch, instrumentation, heaters and other components.

		8. Factory test results.

		9. Certified prototype test reports.

		10. An annotated copy of the specifications indicating at each paragraph whether or not the proposed equipment complies with the specifications.  Any deviations shall be clearly explained.

		11. Qualifications of factory authorized 24-hour emergency response technician including location and quantity of technicians. Service center shall be capable of providing training, parts, and emergency maintenance repairs within a response period of less than eight hours from time of notification.

		12. Manufacturer Seismic Qualification Certification: Submit certification that transfer switches accessories, and components will withstand seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems." Include the following:

		a. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		1) The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."



		b. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		13. Warranty.





		1.6 FACTORY TESTING

		A. Factory testing shall be provided for all transfer switches.

		B. Factory test results shall be provided to the Engineer and Owner's Representative for review.

		C. All factory tests shall be made in strict accordance with ANSI, NEMA, and NETA standards and shall be certified in writing.

		D. All factory tests shall be available to be witnessed by the Owner's Representative, Consulting Engineer and Contractor at the factory upon advance request.  Transportation, lodging, and food shall be provided by the Contractor or Manufacturer.  The schedule for witness testing shall be negotiated with the Owner's Representative.

		E. Provide certified prototype test data on a transfer switch of the same design and rating to confirm the following switching capabilities:

		1. Overload and endurance capacity testing per UL-1008.

		2. Temperature rise testing at 100% rated current after the overload and endurance tests.

		3. Withstand current tests per UL-1008, at 480 volts and X/R ratio of 6:1.  No welding of contacts shall occur and transfer switch shall be operable to alternate source after the withstand current tests.

		4. Dielectric voltage withstand tests at 1960 volts RMS minimum after withstand test.

		5. Withstand and closing test.

		6. Voltage surge withstand capability per IEEE-587-1980.



		F. Provide factory production test data on each transfer switch as follows:

		1. The complete transfer switch shall be tested to ensure proper operation of the individual components and correct overall sequence of operation, and to ensure that the operating transfer time, voltage, frequency, and time delay settings are in compliance with specification requirements.

		2. The complete transfer switch shall be subjected to a dielectric strength test per NEMA Standard ICS 1.109.05.





		1.7 WARRANTY

		A. Contractor shall guarantee equipment and installation free from defects in materials and workmanship for a period of five (5) years from the date of start-up.

		1. Source Limitations: Obtain automatic transfer switches and remote annunciator and control panels through one source from a single manufacturer.





		1.8 MANUFACTURERS

		A. Manufacturer of the Automatic Transfer Switch shall be Russelectric, Zenith or equal.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. The transfer switch shall be fully compatible with the emergency power system components including generators and generator control equipment.

		B. The transfer switch and installation shall include the necessary features and accessories for a complete operational system as shown on the drawings and specified herein.

		C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		D. Comply with NEMA ICS 1.

		E. Comply with CEC.

		F. The transfer switch shall conform to the requirements of UL-1008.

		G. The complete switch assembly shall be listed under UL-1008 for use on emergency and legally required standby systems in accordance with CEC and NFPA 99 requirements.

		H. Transfer switches utilizing circuit breakers or molded-case switches are not acceptable.

		I. The transfer switch shall be rated for a minimum close and withstand rating (3 cycle) of 85,000A RMS symmetrical unless specifically stated otherwise in the construction documents.  Rating shall be obtained without contact welding.  The rating shall be verified by U.L.

		J. Transfer switch shall be rated to carry 100% of the rated current continuously in the enclosure in an ambient temperature of 122 degrees F.

		K. The withstand and close rating of the fourth pole shall exactly match that of the main poles.



		2.2 RATINGS

		A. The transfer switch shall be automatic type.

		B. The transfer switch shall be rated as follows:

		1. Continuous duty with switched neutral (ampacity and poles shall be project specific)

		2. 480Y/277V 3PH 4W 60Hz (shall be project specific)

		3. Withstand and close rating of 85,000A RMS symmetrical

		4. Suitable for indoor use (NEMA 1)

		5. Equipment shall be floor-mounted type.

		6. Dual-motor operator for time-delay-in-neutral operation or approved equivalent operation





		2.3 ACCESSORIES

		A. The following accessories shall be factory installed in the transfer switch:

		1. Annunciation, Control, and Programming Interface Components: Devices at transfer switches for communicating with remote programming devices, annunciators, or annunciator and control panels shall have communication capability matched with remote device.

		2. Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine generator and transfers load to it from normal source for a preset time, then retransfers and shuts down engine after a preset cool-down period. Initiates exercise cycle at preset intervals adjustable from 7 to 30 days. Running periods are adjustable from 10 to 30 minutes. Factory settings are for 7-day exercise cycle, 20-minute running period, and 5-minute cool-down period. Exerciser features include the following:

		a. Exerciser Transfer Selector Switch: Permits selection of exercise with and without load transfer.

		b. Push-button programming control with digital display of settings.

		c. Integral battery operation of time switch when normal control power is not available.



		3. Adjustable close differential solid state 3-phase sensing relay energized from the normal source, factory set to pick up at 90% and drop out at 80% of rated voltage.

		4. Adjustable 3-phase overvoltage, undervoltage, overfrequency, and underfrequency sensing of normal and emergency sources.

		5. Adjustable relay to prevent transfer to emergency until voltage and frequency of generating plant have reached acceptable limits.  Factory set at 90% of rated value.

		6. 3-phase sequence detection to verify proper installation of normal and emergency phase conductors.

		7. Time delay on transfer to emergency.  Solid state type, adjustable 1�300 seconds.

		8. Push button to bypass time delay on retransfer to normal.

		9. Load shed relay energized by DC signal or remote contact closure to disconnect the load from the emergency source when an overloaded condition occurs.  

		10. Block transfer relay energized by DC signal or remote contact closure to allow transfer to emergency with 2�position key operated switch to bypass block transfer to emergency.

		11. External manual operator.

		12. Digital ammeter to read current in all three-phases of load circuit.

		13. Digital voltmeter to read phase-to-phase and phase-to-neutral voltage of emergency source.





		2.4 CONSTRUCTION

		A. Transfer switches shall be double throw, actuated by two electrical operators, momentarily energized and connected to the transfer mechanism by a simple overcenter linkage, with a minimum transfer time of 400 milliseconds.  

		B. The normal and emergency contacts shall be positively interlocked mechanically and electrically to prevent simultaneous closing.  Main contacts shall be mechanically locked in position in both the normal and emergency positions without the use of hooks, latches, magnets or springs and shall be silver�tungsten alloy.  Separate arcing contacts, with magnetic blowouts, shall be provided on all transfer switches.  Interlocked molded case circuit breakers or contactors are not acceptable.

		C. The transfer switch shall be equipped with a permanently attached, safe manual operator arranged so that the transfer switch can be operated manually under load without opening the enclosure door.  The external manual operator shall provide the same contact�to�contact transfer speed as the electrical operator to prevent a flashover from switching the main contacts too slowly.

		D. Solid-State Controls: Repetitive accuracy of all settings shall be plus or minus 2 percent or better over an operating temperature range of minus 20 to plus 70 deg C.

		E. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge withstand capability requirements when tested according to IEEE C62.41. Components shall meet or exceed voltage-impulse withstand test of NEMA ICS 1.

		F. Neutral Switching. Where four-pole switches are indicated, provide neutral pole switched simultaneously with phase poles.

		G. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, either by color-code or by numbered or lettered wire and cable tape markers at terminations. Color-coding and wire and cable tape markers are specified in Section 260553 "Identification for Electrical Systems."

		1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring indicated.

		2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom entrance of feeder conductors as indicated.

		3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.



		H. Signal-Before-Transfer Contacts: A set of normally open/normally closed dry contacts operates in advance of retransfer to normal source. Interval is adjustable from 1 to 30 seconds.

		I. Digital Communication Interface: Matched to capability of remote annunciator or annunciator and control panel.

		J. Automatic Closed-Transition Transfer Switches: Include the following functions and characteristics:

		1. Fully automatic make-before-break operation.

		2. Load transfer without interruption, through momentary interconnection of both power sources not exceeding 100 ms.

		3. Initiation of No-Interruption Transfer: Controlled by in-phase monitor and sensors confirming both sources are present and acceptable.

		a. Initiation occurs without active control of generator.

		b. Controls ensure that closed-transition load transfer closure occurs only when the 2 sources are within plus or minus 5 electrical degrees maximum, and plus or minus 5 percent maximum voltage difference.



		4. Failure of power source serving load initiates automatic break-before-make transfer.



		K. Automatic Transfer-Switch Features:

		1. Undervoltage Sensing for Each Phase of Normal Source: Sense low phase-to-ground voltage on each phase. Pickup voltage shall be adjustable from 85 to 100 percent of nominal, and dropout voltage is adjustable from 75 to 98 percent of pickup value.  

		2. Adjustable Time Delay: For override of normal-source voltage sensing to delay transfer and engine start signals. Adjustable from zero to six seconds, and factory set for one second.

		3. Voltage/Frequency Lockout Relay: Prevent premature transfer to generator. Pickup voltage shall be adjustable from 85 to 100 percent of nominal. Factory set for pickup at 90 percent. Pickup frequency shall be adjustable from 90 to 100 percent of nominal. Factory set for pickup at 95 percent.

		4. Time Delay for Retransfer to Normal Source: Adjustable from 0 to 30 minutes, and factory set for 10 minutes to automatically defeat delay on loss of voltage or sustained undervoltage of emergency source, provided normal supply has been restored.

		5. Test Switch: Simulate normal-source failure.

		6. Switch-Position Pilot Lights: Indicate source to which load is connected.

		7. Source-Available Indicating Lights: Supervise sources via transfer-switch normal- and emergency-source sensing circuits.

		a. Normal Power Supervision: Green light with nameplate engraved "Normal Source Available."

		b. Emergency Power Supervision: Red light with nameplate engraved "Emergency Source Available."



		8. Unassigned Auxiliary Contacts: Two normally closed, single-pole, double-throw contacts for each switch position, rated 15 A at 120-V ac.

		9. Transfer Override Switch: Overrides automatic retransfer control so automatic transfer switch will remain connected to emergency power source regardless of condition of normal source. Pilot light indicates override status.

		10. Engine Starting Contacts: One isolated and normally closed, and one isolated and normally open; rated 10 A at 32-V dc minimum.

		11. Engine Shutdown Contacts: Time delay adjustable from zero to five minutes, and factory set for five minutes. Contacts shall initiate shutdown at remote engine-generator controls after retransfer of load to normal source.





		2.5 REMOTE ANNUNCIATOR AND CONTROL SYSTEM

		A. Functional Description: Include the following functions for indicated transfer switches:

		1. Indication of sources available, as defined by actual pickup and dropout settings of transfer-switch controls.

		2. Indication of switch position.

		3. Indication of switch in test mode.

		4. Indication of failure of digital communication link.

		5. Key-switch or user-code access to control functions of panel.

		6. Control of switch-test initiation.

		7. Control of switch operation in either direction.



		B. Malfunction of annunciator, annunciation and control panel, or communication link shall not affect functions of automatic transfer switch. In the event of failure of communication link, automatic transfer switch automatically reverts to stand-alone, self-contained operation. Automatic transfer-switch sensing, controlling, or operating function shall not depend on remote panel for proper operation.

		C. Remote Annunciation and Control Panel: Solid-state components. Include the following features:

		1. Controls and indicating lights grouped together for each transfer switch.

		2. Label each indicating light control group. Indicate transfer switch it controls, location of switch, and load it serves.

		3. Digital Communication Capability: Matched to that of transfer switches supervised.

		4. Mounting: Flush, modular, steel cabinet, unless otherwise indicated.





		2.6 SEQUENCE OF OPERATION

		A. The transfer switch shall transfer to emergency when 90% of rated voltage and frequency has been reached.  Should the voltage of the normal source drop below 80% on any phase after an adjustable time delay of 0.5�6 seconds (factory set at 3 seconds to allow for momentary dips), the transfer switch will switch to emergency.  After restoration of normal power on all phases to 90% of rated voltage, an adjustable time delay period of zero to 25 minutes (factory set at 5 minutes) shall delay retransfer to allow stabilization of normal power.  If the emergency power source should fail during this time delay period, the switch shall automatically return to the normal source.  A test switch shall be included to simulate normal power failure, and pilot lights shall be mounted on the cabinet door to indicate the switch position.  Two auxiliary contacts rated 15 amp, 120 volts shall be mounted on the main shaft, two closed on normal, two closed on emergency.  Both contacts shall be wired to a terminal strip for ease of customer connections.  In addition, one set of relay contacts shall be provided to open upon loss of the normal power supply.  All relays, timers, control wiring and accessories shall be front accessible.  All control wires shall be 600 volt, SIS switchboard type.   All control wire terminations shall be identified by permanent �type markers.





		PART 3 - EXECUTION

		3.1 COORDINATION

		A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified in Section 033000 "Cast-in-Place Concrete."



		3.2 FIELD QUALITY CONTROL

		A. Inspect installation for physical damage, proper alignment, anchorage, grounding, and completeness.

		B. Check continuity of all circuits.

		C. Check polarity and phasing of bussing.

		D. Inspect bus bar spacing, insulators, wiring and devices for compliance with ANSI, CEC, and UL standards.

		E. Check tightness of all bolted connections.

		F. Check nameplates and identification.

		G. The Contractor shall protect all equipment during shipping, delivery, storage, installation, and at all times during construction.  Transfer switches or their components shall not be exposed to weather, moisture, dust, dirt, debris or damage during construction.



		3.3 INSTALLATION

		A. Install transfer switch in accordance with manufacturer's written instructions, NFPA and NEMA standards, and CEC requirements.

		B. Provide clean, level surface for installation with suitable structural strength.  Verify compliance with Seismic Design Category D requirements.

		C. Floor-Mounting Switch: Anchor to floor by bolting.

		1. Concrete Bases: 4 inches high, reinforced, with chamfered edges. Extend base no more than 4 inches in all directions beyond the maximum dimensions of switch, unless otherwise indicated or unless required for seismic support. Construct concrete bases according to Section 260529 "Supports and Hangers for Electrical Systems."



		D. Permanently install all nameplates and circuit identification.

		E. Install device handles to a height no greater than allowed by CEC or governing authority.

		F. Transfer switch shall be plumb and square to building structure.  Provide CEC and CBC required clearance on all sides.

		G. Coordinate installation and schedule with all other trades and Owner's Representative.

		H. The Contractor shall coordinate all components including their arrangement electrically and mechanically.

		I. The Contractor shall coordinate conduit entrances including method of entrance and connections.

		J. The Contractor shall coordinate with all other trades necessary to provide a complete, proper installation.  Grades, piping, structure, ducting, etc. shall be carefully reviewed by the Contractor prior to installation.

		K. Annunciator and Control Panel Mounting: Flush in wall, unless otherwise indicated.

		L. Identify components according to Section 260553 "Identification for Electrical Systems."

		M. Set field-adjustable intervals and delays, relays, and engine exerciser clock.



		3.4 CONNECTIONS

		A. Wiring to Remote Components: Match type and number of cables and conductors to control and communication requirements of transfer switches as recommended by manufacturer. Increase raceway sizes at no additional cost to Owner if necessary to accommodate required wiring.

		B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

		C. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."



		3.5 FIELD QUALITY CONTROL

		A. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.

		B. Perform the following tests and inspections:

		1. After installing equipment and after electrical circuitry has been energized, test for compliance with requirements.

		2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		3. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-resistance tester. Use test voltages and procedure recommended by manufacturer. Comply with manufacturer's specified minimum resistance.

		a. Check for electrical continuity of circuits and for short circuits.

		b. Inspect for physical damage, proper installation and connection, and integrity of barriers, covers, and safety features.

		c. Verify that manual transfer warnings are properly placed.

		d. Perform manual transfer operation.



		4. After energizing circuits, demonstrate interlocking sequence and operational function for each switch at least three times.

		a. Simulate power failures of normal source to automatic transfer switches and of emergency source with normal source available.

		b. Simulate loss of phase-to-ground voltage for each phase of normal source.

		c. Verify time-delay settings.

		d. Verify pickup and dropout voltages by data readout or inspection of control settings.

		e. Test bypass/isolation unit functional modes and related automatic transfer-switch operations.

		f. Verify proper sequence and correct timing of automatic engine starting, transfer time delay, retransfer time delay on restoration of normal power, and engine cool-down and shutdown.



		5. Ground-Fault Tests: Coordinate with testing of ground-fault protective devices for power delivery from both sources.

		a. Verify grounding connections and locations and ratings of sensors.





		C. Coordinate tests with tests of generator and run them concurrently.

		D. Report results of tests and inspections in writing. Record adjustable relay settings and measured insulation and contact resistances and time delays. Attach a label or tag to each tested component indicating satisfactory completion of tests.

		E. Remove and replace malfunctioning units and retest as specified above.

		F. Prepare test and inspection reports.



		3.6 INSTRUCTION MANUAL

		A. The manufacturer shall submit within one week prior to shipment of the transfer switch, operation and maintenance manuals suitable for the specific items to be supplied, including such information as:

		1. Interconnection diagrams.

		2. Drawings.

		3. Instruction describing procedures for items which are to be shipped disassembled but which are to be assembled when delivered on-site.

		4. Special rigging instructions.

		5. Accessories.

		6. Enclosure assembly and disassembly.

		7. Other information designed to assist in proper operation and periodic maintenance of the equipment being supplied.  

		8. Table of contents and tab separators.

		9. "As manufactured" drawings and wiring diagrams.





		3.7 START-UP AND TRAINING

		A. Equipment inspection, start-up, testing and training shall be supervised and documented by the supplier.

		B. Check all circuits for continuity and safety prior to energization.  Notify Owner's Representative prior to energization such that adequate preparation is made for power.

		C. Provide Owner's Representative with instruction and operating manuals.

		D. Train Owner's Representative (or appropriate staff) for a period no less than two (2) hours in regard to start-up, operation, and maintenance of the transfer switch and its components. All instructional training shall be professionally recorded by the Contractor and a DVD of the recording shall be provided to the Owner.

		E. Refer to Section 263213 Engine Generator start-up and training specification requirements for further transfer switch requirements.



		3.8 CLEANING AND REPAIR

		A. Clean transfer switch interior and exterior of grease, dirt, debris, dust, excess paint, plaster, spackle, unused wire, etc.

		B. Repair and paint enclosure as necessary to return the enclosure to the original factory condition.

		C. Damage to electrical components shall be repaired in the factory.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SCOPE 


A. Provide labor, materials, tools, and equipment necessary for and incidental to 
performing all operations in connection with furnishing, delivery and installation of 
the equipment of this section, as shown on the drawings and specified herein. 


B. Furnish and install complete lighting systems, wired, assembled and operable, 
except where specifically noted otherwise, which includes but not limited to the 
following: 
1. Luminaires 
2. Lamps and ballasts 
3. Mounting hardware 
4. Accessories as noted 


C. The materials and equipment herein specified shall be of new and furnished in 
accordance with the applicable standards. 


D. Specifications and drawings are intended to convey the general features, function 
and character of the fixtures only, and do not illustrate or set forth every item or 
detail necessary of the work. 


1.3 SUMMARY 


A. Section Includes: 
1. Interior fluorescent luminaires, lamps, and ballasts. 
2. Interior solid-state luminaires that use LED technology. 
3. Luminaire supports. 


B. Related Requirements: 
1. Section 260923 "Lighting Control Devices" for automatic control of lighting, 


including time switches, photoelectric relays, occupancy sensors, and 
multipole lighting relays and contactors. 


2. Section 260936.19 "Standalone Multipreset Modular Dimming Controls" for 
architectural dimming systems and for fluorescent dimming controls with 
dimming. 


3. Section 260943.23 "Relay-Based Lighting Controls" for manual or 
programmable control systems with low-voltage control wiring or data 
communication circuits. 
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1.4 DEFINITIONS 


A. CCT: Correlated color temperature. 


B. CRI: Color Rendering Index. 


C. Fixture: See "Luminaire." 


D. LED: Light-emitting diode. 


E. Lumen: Measured output of lamp and luminaire, or both. 


F. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 


1.5 SUBMITTALS 


A. Shop drawings for all fixtures shall be submitted and reviewed prior to fabrication.  
Any material produced prior to the review of shop drawings or samples, and not in 
conformance with the Contract Documents, shall be rejected with the Contractor 
bearing full responsibility and cost. Submit shop drawings per Section 260500 for 
review, include the following: 
1. Luminaires 
2. Lamps 
3. Ballasts 
4. Photometric reports 
5. Point-by-point calculations specific to the project. 
6. Accessories 


B. Submit shop drawings indexed, and in accordance with luminaire identification per 
drawings. Each item shall be tabbed, clearly identifying the catalog ordering 
numbers including all optional equipment specified. 


C. Luminaire shop drawings shall include the following: 
1. Manufacturer’s product information sheets.  Photocopy of partial data sheet 


or drawings is not acceptable.  Product information shall include the 
following: 
a. Ballast type, manufacturer and performance characteristics 
b. Lamp type, manufacturer and performance characteristics 
c. Finish, frame, trim and housing type 
d. Reflector system and characteristics 
e. Diffuser type and characteristics 
f. Weight and dimensions 
g. Standard manufacturer options 
h. Luminaire series and model number 
i. Luminaire efficiency 
j. Coefficient of utilization 
k. Candlepower data table 
l. Zonal lumens table 
m. IES luminaire classification 
n. Maintenance and operating instructions including tools required, 


types of cleaners to be used and suggested replacement parts list. 
o. Average foot candle table. 


2. Photometric data assembled in a standard IES photometric test report. 
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3. LEED Submittals: Product Data for Credit IEQ 4.2: For paints and coatings, 
documentation including printed statement of VOC content. 


D. Lamp shop drawings shall include type, dimensions, manufacturer and operating 
characteristics, including but not limited to: 
1. Operating voltage range 
2. Color Rendering Index (CRI) value per IES standards 
3. Color temperature (in Kelvin) 
4. Mounting position 
5. Starting temperature, indoor and outdoor 
6. Starting/restrike time 
7. Lamp life 
8. Lamp efficiency 
9. Warranty 
10. Lamp base 
11. Lumen rating 


E. Ballast shop drawings shall include type, dimensions, manufacturer and operating 
characteristic including but not limited to: 
1. Ballast operating temperature and voltage 
2. Total harmonic distortion 
3. Ballast starting/restrike time 
4. Ballast efficiency factor (BEF) 
5. Ballast transformation type (ie: autotransformer, preheat, instant-start, rapid 


start, constant wattage, reactor, trigger-start) 
6. UL classification (ie:  Class "P") 
7. Power factor 
8. Sound rating (fluorescent only) 
9. NEMA rating 


F. If requested by the Engineer, samples shall be submitted for final selection.  
Samples shall comply with the following: 
1. Paint chips: 


a. Samples shall be provided and approved prior to any release to 
manufacture. 


b. Samples shall be minimum of 3"x3" and be of exact finishes. 
c. Samples shall be exact representatives of the luminaires: 


1) Priming process 
2) Painting process 
3) Baking process 
4) Finish process 
5) Luminaire material (i.e. sheet metal, aluminum, wood, etc) 


d. Samples shall be labeled with manufacturers color call-out, as well 
as the paint manufacturer’s call-out. 


2. Fixtures: 
a. Submit for approval samples called for to the Engineer when and 


where directed, the components marked with the name of the 
project, and fixture type, and part number.  Fixture shall be provided 
with a 6' cord and plug, and specified lamp.  Allow two weeks from 
the date of receipt for thorough examination and review by the 
Engineer. 
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b. Fixtures under the contract shall be identical with the approved 
sample fixture.  No fixture used as a sample shall be allowed to be 
installed on the project. 


c. In the event the submissions are disapproved, the fixtures shall be 
returned to the contractor to immediately make a new submission of 
fixture or fixtures meeting the contract requirements. 


d. All charges for these shipments are to be prepaid by the Contractor. 
e. Samples shall be provided and approved prior to any release to 


manufacture. 


G. Seismic Qualification Certificates: For luminaires, accessories, and components, 
from manufacturer. 
1. Basis for Certification: Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. 
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity 


and locate and describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the 


certification is based and their installation requirements. 


H. Operation and Maintenance Data: For luminaires and lighting systems to include in 
maintenance manuals. 
1. Provide a list of all lamp types used on Project; use ANSI and 


manufacturers' codes. 


I. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Lamps:  Ten for every 100 of each type and rating installed. Furnish at least 


one of each type. 
2. Diffusers and Lenses:  One for every 100 of each type and rating installed. 


Furnish at least one of each type. 
3. Globes and Guards:  One for every 20 of each type and rating installed. 


Furnish at least one of each type. 


1.6 FACTORY TESTING 


A. Luminaire testing shall be conducted by an approved independent testing laboratory. 


B. Luminaire tests shall be reported in accordance with Illuminating Engineering 
Society (IES) Standard Photometric Test Report. 


C. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 
manufacturer's laboratory is accredited under the NVLAP for Energy Efficient 
Lighting Products. 


1.7 QUALITY ASSURANCE 


A. Each LED luminaire type shall be binned within a three-step MacAdam Ellipse to 
ensure color consistency among luminaires. 


B. Mockups: For interior luminaires in room or module mockups, complete with power 
and control connections. 
1. Obtain Architect's approval of luminaires in mockups before starting 


installations. 
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2. Maintain mockups during construction in an undisturbed condition as a 
standard for judging the completed Work. 


3. Approval of mockups does not constitute approval of deviations from the 
Contract Documents contained in mockups unless Architect specifically 
approves such deviations in writing. 


4. Subject to compliance with requirements, approved mockups may become 
part of the completed Work if undisturbed at time of Substantial Completion. 


1.8 WARRANTY 


A. Contractor shall warranty equipment and installation free from defects in material 
and workmanship for a period of no less than (1) year from the date of project 
acceptance.  This includes the fixture, its finishes and components (see ballasts 
below). 


B. Fluorescent ballasts shall be warrantied against defects in material and 
workmanship for a period of no less than (5) years for electronic ballasts, from the 
date of project acceptance regardless of the date of manufacture. 


C. Provide manufacturer’s warranty covering 5 years on drivers from date of purchase. 
1. LED dimming driver. 
2. 3-Wire (Line Voltage Controlled) Dimming Drivers 
3. Digital (Low Voltage Controlled) Dimming Drivers 
4. Forward Phase Control (neutral wire required) (Line Voltage Controlled) 


Dimming Drivers  


1.9 DELIVERY, STORAGE, AND HANDLING 


A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 


PART 2 - PRODUCTS 


2.1 GENERAL 


A. Luminaries shall bear the appropriate UL label for location, mounting position and 
operating conditions in which it is installed. 


B. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 


C. Seismic Performance: Luminaires shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 
1. The term "withstand" means "the luminaire will remain in place without 


separation of any parts when subjected to the seismic forces specified." 


D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


E. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled 
for indicated class and division of hazard by an NRTL. 
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F. Lamp base complying with ANSI C81.61. 


G. Bulb shape complying with ANSI C79.1. 


H. Recessed Luminaires: Comply with NEMA LE 4. 


I. EMI Filters: Factory installed to suppress conducted EMI according to MIL-STD-
461E. Fabricate luminaires with one filter on each ballast indicated to require a filter. 


J. Luminaries, ballasts and lamps shall each be of the same manufacturer and of 
identical finish, appearance, and performance. Luminaries which are pre-lamped 
before shipment shall have identical lamp manufacturer. Mix and match of different 
lamp manufacturer shall not be acceptable. 


K. Recessed ceiling mounted luminaires shall be provided with appropriate frame and 
trim type compatible with ceiling construction.  Reference architectural plans for 
ceiling construction type and specifications. 


L. Luminaires and devices shall be free of burrs, scratches, marks, and dents which 
may occur during transportation, storage or installation.  Construction shall be 
finished to eliminate sharp edges exposed to installer and end-user. 


M. Sheet metal construction of luminaires shall be of sufficient rigidity to prevent 
deformation during installation and typical use. 


N. Cast parts and sections of a luminaire shall be smooth, free of blemishes, rust and 
scale and be irradiated, sandblasted and anodized. 


O. All burned out lamps and ballasts shall be replaced by the end of contract prior to 
Architect, Owner Representative and Engineer final punchlist. 


P. Trim color for indoor luminaire installation shall be as indicated on plans. 


Q. Enamel paint shall be baked on at a minimum 300 degrees F and have 86% 
reflectivity for a surface, which is to be reflective. 


R. Fluorescent lamps 
1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color 


temperature shall be 4100 Kelvin (K). 
2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 


82 or greater. 


S. Compact Fluorescent 
1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color 


temperature shall be 4100 Kelvin (K). 
2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 


82 or greater. 
3. Lamp base and fixture socket shall match pin configuration. 


T. LED – Light Emitting Diode 
1. LED diodes shall be of the type with lifetime color stability within +/- 200K. 
2. Diodes, modules, boards, etc. shall conform to IESNA LM70 and LM80 


testing and binning standards. 
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3. LED lifespan, per IESNA LM80, shall be a minimum of 50,000 hours. 
4. Unless specified on plans or in lighting fixture schedule, the LED color 


temperature shall be 4100 kelvin   
5. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 


82 or greater. 
6. Diodes, modules, and boards shall be replaceable in the field without 


replacement of housing or fixture. 
7. Fixtures utilizing LED sources shall be UL listed and tested for proper heat 


dissipation. 
8. Maximum inrush current of 2 amperes for 120V and 277V LED drivers. 
9. Constant current drivers must provide models to: 


a. Support from 200mA to 2.1Amps (in 10mA steps) to ensure a 
compatible driver exists. 


b. Support LED arrays up to 40W or 50W (710mA to 1.05A in 10mA 
steps) 


10. Constant voltage drivers must provide models to: 
a. Support from 10V to 40V (in 0.5V steps) to ensure a compatible 


driver exists. 
b. Support LED arrays up to 40W 


11. LED drivers shall be integral to fixture. 
12. LED drivers shall be dimmable from 100 percent to 0 percent of maximum 


light output. 


U. Acceptable manufacturers 
1. Fluorescent Lamps: Osram/Sylvania, 800 XP series 
2. LED drivers:  Philips 


V. All lamps shall be burned once installed in the fixtures for 100 hours, prior to 
switching or dimming. 


2.2 BALLASTS 


A. General 
1. Ballasts shall be UL listed when installed in luminaire. 
2. Ballasts shall be grounded appropriately as governed by CEC Article 


410.36(V). 
3. Ballasts shall be located within the luminaire for which it is operating unless 


specifically indicated on plans as remote ballast type. 
4. Ballasts shall contain no PCB's in any indoor or outdoor installation unless 


otherwise noted. 
5. Ballasts shall be rated weatherproof type where there is moisture present. 
6. A permanent waterproof seal shall be factory provided where the wiring 


enters the ballast compartment of an outdoor luminaire installation. 


B. Fluorescent ballasts 
1. Solid State Ballasts (Electronic) 


a. Electronic ballasts shall meet or exceed ANSI, IEEE, and FCC 
standards for lamp starting and operation, electromagnetic 
interference, radio frequency interference suppression and line 
transient protection. 


b. Electronic ballasts shall not interfere with other electrical equipment 
normal operation. 
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c. Electronic ballasts shall operate at a frequency of 20 to 35 kHz with 
no detectable flicker and be high power factor (97% or higher). 


d. Electronic ballasts that operate more than one lamp shall be able to 
maintain full output of the companion lamp(s) after failure of any 
combination of lamp(s). 


e. Electronic ballasts shall not be affected by lamp failure nor hinder 
the normal life of operating lamp. 


f. Electronic ballast normal case operating temperature shall not 
exceed 70 degrees C. 


g. Rapid-start electronic ballasts shall provide soft/stable start of rapid-
start lamps and maintain full cathode heat during operation. 


h. Electronic ballasts shall be marked with manufacturer's name, part 
number, supply voltage, power factor, open circuit voltage, current 
draw for each lamp type and bear all applicable UL listings on 
housing. 


i. Electronic ballasts shall be universal voltage (120V – 277V). 
j. Instant start ballasts are not acceptable. 
k. Dimming ballasts shall be flicker-free and compatible with the lamp 


and dimming controller. 
l. Exterior ballast shall be rated for cold weather conditions. 
m. Designed for type and quantity of lamps served. 
n. Ballasts shall be designed for full light output unless another BF, 


dimmer, or bi-level control is indicated. 
o. Sound Rating:  Class A. 
p. THD Rating: Less than 10 percent. 
q. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, 


Category A or better. 
r. Lamp Current Crest Factor:  1.7 or less. 
s. BF:  0.88 or higher. 
t. Power Factor:  0.95 or higher. 
u. Luminaires controlled by occupancy sensors shall have 


programmed-start ballasts. 
v. Electronic Programmed-Start Ballasts for T8, T5, and T5HO Lamps: 


Comply with ANSI C82.11 and the following: 
1) Lamp end-of-life detection and shutdown circuit for T5 


diameter lamps. 
2) Automatic lamp starting after lamp replacement. 


w. Ballasts for Low-EMI Environments: Comply with 47 CFR 18, Ch. 1, 
Subpart C, for limitations on EMI and RFI for consumer equipment. 


x. Ballasts for Dimmer-Controlled Luminaires: Electronic type. 
1) Dimming Range: 100 to 5 percent of rated lamp lumens. 
2) Ballast Input Watts: Can be reduced to 20 percent of 


normal. 
3) Compatibility: Certified by manufacturer for use with specific 


dimming control system and lamp type indicated. 
4) Control: Coordinate wiring from ballast to control device to 


ensure that ballast, controller, and connecting wiring are 
compatible. 


C. Acceptable Manufacturers 
1. Solid state ballasts (electronic):  Osram Sylvania or, Quicktronic, or 


approved equal. 
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2.3 LUMINAIRES 


A. General 
1. Escutcheon plates, coverplates, and finish trim hardware shall meet flush 


with ceiling, floor, wall or other surfaces to which they may be mounted. 
2. Luminaire construction shall allow initial installation of recessed luminaires 


without the presence of finish trim, diffusers or lens. 
3. Lamp sockets and reflector assemblies shall be securely fastened to 


luminaire housing to prevent rotation, adjustment or rocking of hardware 
during lamping or future relamping. 


4. Luminaire lenses shall be securely retained in a fashion so that relamping or 
accessing to luminaire will not dislodge lens. 


5. Luminaire lenses and diffusers shall be free from chromatic or spherical 
imperfections and have thermal characteristics capable of withstanding 
installed lamp temperatures. 


6. Pendant type luminaries shall be mounted to provide balanced construction 
with the use of swivel hanger.  Swivel hanger shall be provided standard or 
ordered as accessory unless specified otherwise. 


7. Bracket type luminaires shall be specifically designed for type installation 
which is indicated. 


8. Luminaries shall be factory tested, prewired and preassembled unless 
otherwise specified or intended. 


9. Luminaires located in direct exposure to the weather to include rain, sleet 
and snow shall be marked "Suitable for Wet Locations" with UL label.  
Luminaires located outdoors but not in direct exposure to rain shall be 
marked "Suitable for Damp Locations" minimum rated. 


10. Where ceiling space is not accessible, luminaire housing shall provide 
access to luminaire junction box to comply with CEC section 370-29. 


11. Luminaires shall contain an integral ballast disconnect compliant with CEC 
section 410.73. 


B. Fluorescent Luminaires 
1. Recessed fluorescent luminaires shall be constructed to limit ballast housing 


surface temperature in luminaire to 90°C with the following factors: 
a. Voltage:  277V +5%, unless noted otherwise 
b. Room Ambient Temp:  25 degrees C + 5% 
c. Plenum Ambient Temp:  55 degrees C +5% 
d. Ceiling Material R Factor:  20 


2. Medium BiPin type lamp socket shall be fastened securely to housing via 
brackets or straps to eliminate excessive flexing or pressure during normal 
lamp installation.  Socket should be replaceable without removing entire 
housing. 


3. Medium BiPin type lamp sockets without a housing shall be secured with (2) 
appropriate screws or bolts to prevent misalignment. 


4. Fluorescent pin type sockets shall utilize corrosion-resistant "edge-wipe" 
type contacts. 


5. Steel metal fluorescent luminaire housing shall be constructed of die 
formed, heavy duty, cold rolled steel.  Housing shall be welded using lab 
seam construction and corners mitered and free of burrs, cracks, gouges, 
scratches. 


6. Aluminum fluorescent luminaire housing shall be extruded or die formed in 
sections, which will positively interconnect to provide a rigid unit when 
assembled. 
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7. Steel metal construction of fluorescent luminaires housing shall be ribbed, 
section or paneled to provide internal structure. 


8. Parabolic baffle optic control for fluorescent luminaires shall be semi-
specular anodized, of low iridescent and constructed of sheet aluminum.  
Baffle shall be constructed to ensure rigidity and parabolic contours through 
interlocking cell assembly. 


9. Prismatic lenses shall be of virgin acrylic plastic pattern 12 (0.125 inches 
thick pre-stressed to span 48-inches) unless specified otherwise on plans. 


10. Compact fluorescent luminaire shall incorporate an End of Life (EOL) 
protection device. 


C. Acceptable manufacturers shall be as specified on plans per Lighting Fixtures 
Schedule unless otherwise specified herein or on plans. 


2.4 LUMINAIRE SUPPORT COMPONENTS 


A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 


B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling 
canopy. Finish shall match luminaire. 


C. Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 10 gauge. 


D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 


E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and 
equipment with threaded attachment, cord, and locking-type plug. 


PART 3 - EXECUTION 


3.1 FIELD QUALITY CONTROL 


A. Any discrepancies with specified luminaire and its proposed use or environment 
shall be brought to the Engineer's attention as soon as possible. 


3.2 EXAMINATION 


A. Examine substrates, areas, and conditions, with Installer present, for compliance 
with requirements for installation tolerances and other conditions affecting 
performance of the Work. 


B. Examine roughing-in for luminaire to verify actual locations of luminaire and 
electrical connections before fixture installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 TEMPORARY LIGHTING 


A. If approved by the Architect, use selected permanent luminaires for temporary 
lighting. When construction is sufficiently complete, clean luminaires used for 
temporary lighting and install new lamps. 
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3.4 INSTALLATION 


A. Luminaires shall be installed complete with all accessories, glassware, canopies, 
sockets, reflectors, optics, wiring devices and supplied with new lamps of the type 
and wattage indicated on plans or in this specification unless specifically noted 
otherwise. 


B. Comply with NECA 1. 


C. All luminaires shall be supported in accordance with ASTM E-580 recommended 
guidelines for seismic restraint, as well as the latest version of the International 
Building Code related to lateral and vertical bracing, including but not limited to: 
1. Recessed luminaires shall have a minimum of four (4) #10 gauge wires 


attached to structure above; (1) wire at each corner of the luminaire.  The 
wires shall be independent of ceiling support system. 


2. All lighting fixtures shall be positively attached to the suspended ceiling 
system. The attachment device shall have a capacity of 100 percent of the 
lighting fixture weight acting in any direction. 


3. Pendant-hung lighting fixtures shall be supported directly from the structure 
above with #9 gauge wire or approved alternate support without using the 
ceiling suspension system for direct support. 


D. Mount luminaries in mechanical yards, areas and rooms to clear any mechanical 
equipment, conduit and clearances.  Coordinate mounting with mechanical plans. 


E. Junction box and ballast compartment shall be accessible from below when housing 
is installed in final position.  Wiring shall be secured from damage when accessed 
for relamping. 


F. Fire rated gypsum board enclosures shall be constructed around all recessed 
luminaires that penetrate fire rated areas. 


G. All surface mounted luminaires installed on a suspended ceiling grid shall have four 
(4) supporting clips positively attaching corners of housing to the ceiling.  Installation 
shall include 1/8" spacers between the housing and ceiling tile where applicable. 


H. Actual locations of luminaires and dimensions shall be referenced to architectural 
drawings.  Electrical plans shall not be used to scale for construction purposes.  Any 
discrepancies shall be brought to the engineer's attention prior to installation. 


I. Utilize modular wiring systems in the installation of luminaires where accessible and 
applicable.  The system shall be complete with all required fittings, plugs, and cord 
drops for a complete operating system per specifications. 


J. Provide additional junction boxes as required where conductor exceeds factory 
provided junction box limitations. 


K. Installation shall be appropriately coordinated with all disciplines to insure proper 
ventilation and heat dissipation as required per manufacturer. 


L. Where luminaires are served from two sources, a barrier shall be provided to 
separate emergency source from normal source with notation indicating separate 
sources. 
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M. Luminaires not utilizing modular wiring systems, shall be connected with maximum 
six (6) foot length of flexible metal conduit from a structurally mounted junction box. 


N. Wall mounted luminaries and junction boxes shall be rigidly supported to structure to 
provide adequate support during normal operation. 


O. Pendant luminaries shall be mounted in a uniform mounting height and in straight, 
parallel, continuous rows.  Final coordination with the architectural reflected ceiling 
plan, mechanical equipment and plumbing fixtures shall be made in the field to 
ensure consistent spacing and locations. 


P. All wall mounted fixtures shall be mounted to a supporting wall bracing material in 
addition to the junction box.  The bracing material is secured to structural elements 
in the wall.  The bracing shall be capable of supporting the weight of the fixture and 
comply with the manufacturer’s requirements and recommendations. 


Q. Remote Mounting of Ballasts: Distance between the ballast and luminaire shall not 
exceed that recommended by ballast manufacturer. Verify, with ballast 
manufacturers, maximum distance between ballast and luminaire. 


R. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 
indicated. 


S. Install lamps in each luminaire. 


T. Coordinate layout and installation of luminaires and suspension system with other 
construction that penetrates ceilings or is supported by them. 


U. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" and Section 260533 "Raceways and Boxes for Electrical 
Systems" for wiring connections and wiring methods. 


V. Identify system components, wiring, cabling, and terminals. Comply with 
requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 


3.5 LABORATORY INSTALLATION 


A. Luminaires mounted in a controlled environment such as a clean room shall be 
gasketed and sealed where the housing meets the ceiling with a continuous silicone-
based resilient sealant bead. 


B. Luminaires installed in a wet environment such as a wipe-down or hose-down 
laboratory shall bear the “Wet Location” UL listing and sealed waterproof with 
appropriate silicone based resilient sealant. 


C. Ceiling openings installed in a sealed environment to insure accessibility to outlet 
boxes shall be gasketed to prevent any flow of air.  The cover shall be constructed 
to ensure structural integrity for continuous removal from ceiling and be mounted 
with large head screws as required. 







SAN DIEGO STATE UNIVERSITY         SECTION 265100 
EIS COMPLEX                         INTERIOR LIGHTING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 265100 - 13 Michael Wall EngineeringACM 


3.6 FIELD TESTING 


A. Upon completion of installation, an operation test shall be conducted to show that all 
equipment operates in accordance with the requirement of this specification. 


B. Upon completion of the installation, a field lighting survey shall be performed to 
verify that the designed illumination levels are satisfied.  All large classrooms, 
laboratories, conference rooms, etc. shall be surveyed with a calibrated light meter. 


C. All applicable tests shall be conducted in the presence of an Owner Representative 
and copies of any reports shall be provided. 


D. Reports shall indicate when and where the test was conducted and who was 
present. 


E. Upon completion of installations, luminaires requiring positioning shall be adjusted 
and aimed at final position. 


3.7 CLEANING AND REPAIR 


A. After complete lighting installation and before project completion, all damaged or 
faulty lenses or louvers in luminaires shall be replaced by the Electrical Contractor, 
at no additional cost to the Owner. 


B. All anodized or highly visual or optically sensitive reflectors shall be cleaned of all 
fingerprints and smudges for a clean installation per manufacturer’s 
recommendations. 


C. All luminaries with paint scratches, dents or deformations due to installation or 
shipping shall be repaired, touched up or replaced as required or deemed necessary 
by the Electrical Engineer at no additional cost to the Owner. 


D. Upon final installation of individual luminaires, dirt and debris shall be removed from 
luminaire enclosures. 


3.8 ADJUSTING 


A. Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting the direction of aim of luminaires 
to suit occupied conditions. Make up to two visits to Project during other-than-normal 
hours for this purpose. Some of this work may be required during hours of darkness. 
1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires 


that are defective. 
2. Parts and supplies shall be manufacturer's authorized replacement parts 


and supplies. 
3. Adjust the aim of luminaires in the presence of the Architect. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SCOPE

		A. Provide labor, materials, tools, and equipment necessary for and incidental to performing all operations in connection with furnishing, delivery and installation of the equipment of this section, as shown on the drawings and specified herein.

		B. Furnish and install complete lighting systems, wired, assembled and operable, except where specifically noted otherwise, which includes but not limited to the following:

		1. Luminaires

		2. Lamps and ballasts

		3. Mounting hardware

		4. Accessories as noted



		C. The materials and equipment herein specified shall be of new and furnished in accordance with the applicable standards.

		D. Specifications and drawings are intended to convey the general features, function and character of the fixtures only, and do not illustrate or set forth every item or detail necessary of the work.



		1.3 SUMMARY

		A. Section Includes:

		1. Interior fluorescent luminaires, lamps, and ballasts.

		2. Interior solid-state luminaires that use LED technology.

		3. Luminaire supports.



		B. Related Requirements:

		1. Section 260923 "Lighting Control Devices" for automatic control of lighting, including time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.

		2. Section 260936.19 "Standalone Multipreset Modular Dimming Controls" for architectural dimming systems and for fluorescent dimming controls with dimming.

		3. Section 260943.23 "Relay-Based Lighting Controls" for manual or programmable control systems with low-voltage control wiring or data communication circuits.





		1.4 DEFINITIONS

		A. CCT: Correlated color temperature.

		B. CRI: Color Rendering Index.

		C. Fixture: See "Luminaire."

		D. LED: Light-emitting diode.

		E. Lumen: Measured output of lamp and luminaire, or both.

		F. Luminaire: Complete lighting unit, including lamp, reflector, and housing.



		1.5 SUBMITTALS

		A. Shop drawings for all fixtures shall be submitted and reviewed prior to fabrication.  Any material produced prior to the review of shop drawings or samples, and not in conformance with the Contract Documents, shall be rejected with the Contractor bearing full responsibility and cost. Submit shop drawings per Section 260500 for review, include the following:

		1. Luminaires

		2. Lamps

		3. Ballasts

		4. Photometric reports

		5. Point-by-point calculations specific to the project.

		6. Accessories



		B. Submit shop drawings indexed, and in accordance with luminaire identification per drawings. Each item shall be tabbed, clearly identifying the catalog ordering numbers including all optional equipment specified.

		C. Luminaire shop drawings shall include the following:

		1. Manufacturer’s product information sheets.  Photocopy of partial data sheet or drawings is not acceptable.  Product information shall include the following:

		a. Ballast type, manufacturer and performance characteristics

		b. Lamp type, manufacturer and performance characteristics

		c. Finish, frame, trim and housing type

		d. Reflector system and characteristics

		e. Diffuser type and characteristics

		f. Weight and dimensions

		g. Standard manufacturer options

		h. Luminaire series and model number

		i. Luminaire efficiency

		j. Coefficient of utilization

		k. Candlepower data table

		l. Zonal lumens table

		m. IES luminaire classification

		n. Maintenance and operating instructions including tools required, types of cleaners to be used and suggested replacement parts list.

		o. Average foot candle table.



		2. Photometric data assembled in a standard IES photometric test report.

		3. LEED Submittals: Product Data for Credit IEQ 4.2: For paints and coatings, documentation including printed statement of VOC content.



		D. Lamp shop drawings shall include type, dimensions, manufacturer and operating characteristics, including but not limited to:

		1. Operating voltage range

		2. Color Rendering Index (CRI) value per IES standards

		3. Color temperature (in Kelvin)

		4. Mounting position

		5. Starting temperature, indoor and outdoor

		6. Starting/restrike time

		7. Lamp life

		8. Lamp efficiency

		9. Warranty

		10. Lamp base

		11. Lumen rating



		E. Ballast shop drawings shall include type, dimensions, manufacturer and operating characteristic including but not limited to:

		1. Ballast operating temperature and voltage

		2. Total harmonic distortion

		3. Ballast starting/restrike time

		4. Ballast efficiency factor (BEF)

		5. Ballast transformation type (ie: autotransformer, preheat, instant-start, rapid start, constant wattage, reactor, trigger-start)

		6. UL classification (ie:  Class "P")

		7. Power factor

		8. Sound rating (fluorescent only)

		9. NEMA rating



		F. If requested by the Engineer, samples shall be submitted for final selection.  Samples shall comply with the following:

		1. Paint chips:

		a. Samples shall be provided and approved prior to any release to manufacture.

		b. Samples shall be minimum of 3"x3" and be of exact finishes.

		c. Samples shall be exact representatives of the luminaires:

		1) Priming process

		2) Painting process

		3) Baking process

		4) Finish process

		5) Luminaire material (i.e. sheet metal, aluminum, wood, etc)



		d. Samples shall be labeled with manufacturers color call-out, as well as the paint manufacturer’s call-out.



		2. Fixtures:

		a. Submit for approval samples called for to the Engineer when and where directed, the components marked with the name of the project, and fixture type, and part number.  Fixture shall be provided with a 6' cord and plug, and specified lamp.  Allow two weeks from the date of receipt for thorough examination and review by the Engineer.

		b. Fixtures under the contract shall be identical with the approved sample fixture.  No fixture used as a sample shall be allowed to be installed on the project.

		c. In the event the submissions are disapproved, the fixtures shall be returned to the contractor to immediately make a new submission of fixture or fixtures meeting the contract requirements.

		d. All charges for these shipments are to be prepaid by the Contractor.

		e. Samples shall be provided and approved prior to any release to manufacture.





		G. Seismic Qualification Certificates: For luminaires, accessories, and components, from manufacturer.

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.



		H. Operation and Maintenance Data: For luminaires and lighting systems to include in maintenance manuals.

		1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes.



		I. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		1. Lamps:  Ten for every 100 of each type and rating installed. Furnish at least one of each type.

		2. Diffusers and Lenses:  One for every 100 of each type and rating installed. Furnish at least one of each type.

		3. Globes and Guards:  One for every 20 of each type and rating installed. Furnish at least one of each type.





		1.6 FACTORY TESTING

		A. Luminaire testing shall be conducted by an approved independent testing laboratory.

		B. Luminaire tests shall be reported in accordance with Illuminating Engineering Society (IES) Standard Photometric Test Report.

		C. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturer's laboratory is accredited under the NVLAP for Energy Efficient Lighting Products.



		1.7 QUALITY ASSURANCE

		A. Each LED luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.

		B. Mockups: For interior luminaires in room or module mockups, complete with power and control connections.

		1. Obtain Architect's approval of luminaires in mockups before starting installations.

		2. Maintain mockups during construction in an undisturbed condition as a standard for judging the completed Work.

		3. Approval of mockups does not constitute approval of deviations from the Contract Documents contained in mockups unless Architect specifically approves such deviations in writing.

		4. Subject to compliance with requirements, approved mockups may become part of the completed Work if undisturbed at time of Substantial Completion.





		1.8 WARRANTY

		A. Contractor shall warranty equipment and installation free from defects in material and workmanship for a period of no less than (1) year from the date of project acceptance.  This includes the fixture, its finishes and components (see ballasts below).

		B. Fluorescent ballasts shall be warrantied against defects in material and workmanship for a period of no less than (5) years for electronic ballasts, from the date of project acceptance regardless of the date of manufacture.

		C. Provide manufacturer’s warranty covering 5 years on drivers from date of purchase.

		1. LED dimming driver.

		2. 3-Wire (Line Voltage Controlled) Dimming Drivers

		3. Digital (Low Voltage Controlled) Dimming Drivers

		4. Forward Phase Control (neutral wire required) (Line Voltage Controlled) Dimming Drivers 





		1.9 DELIVERY, STORAGE, AND HANDLING

		A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Luminaries shall bear the appropriate UL label for location, mounting position and operating conditions in which it is installed.

		B. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.

		C. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the luminaire will remain in place without separation of any parts when subjected to the seismic forces specified."



		D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		E. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for indicated class and division of hazard by an NRTL.

		F. Lamp base complying with ANSI C81.61.

		G. Bulb shape complying with ANSI C79.1.

		H. Recessed Luminaires: Comply with NEMA LE 4.

		I. EMI Filters: Factory installed to suppress conducted EMI according to MIL-STD-461E. Fabricate luminaires with one filter on each ballast indicated to require a filter.

		J. Luminaries, ballasts and lamps shall each be of the same manufacturer and of identical finish, appearance, and performance. Luminaries which are pre-lamped before shipment shall have identical lamp manufacturer. Mix and match of different lamp manufacturer shall not be acceptable.

		K. Recessed ceiling mounted luminaires shall be provided with appropriate frame and trim type compatible with ceiling construction.  Reference architectural plans for ceiling construction type and specifications.

		L. Luminaires and devices shall be free of burrs, scratches, marks, and dents which may occur during transportation, storage or installation.  Construction shall be finished to eliminate sharp edges exposed to installer and end-user.

		M. Sheet metal construction of luminaires shall be of sufficient rigidity to prevent deformation during installation and typical use.

		N. Cast parts and sections of a luminaire shall be smooth, free of blemishes, rust and scale and be irradiated, sandblasted and anodized.

		O. All burned out lamps and ballasts shall be replaced by the end of contract prior to Architect, Owner Representative and Engineer final punchlist.

		P. Trim color for indoor luminaire installation shall be as indicated on plans.

		Q. Enamel paint shall be baked on at a minimum 300 degrees F and have 86% reflectivity for a surface, which is to be reflective.

		R. Fluorescent lamps

		1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color temperature shall be 4100 Kelvin (K).

		2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.



		S. Compact Fluorescent

		1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color temperature shall be 4100 Kelvin (K).

		2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.

		3. Lamp base and fixture socket shall match pin configuration.



		T. LED – Light Emitting Diode

		1. LED diodes shall be of the type with lifetime color stability within +/- 200K.

		2. Diodes, modules, boards, etc. shall conform to IESNA LM70 and LM80 testing and binning standards.

		3. LED lifespan, per IESNA LM80, shall be a minimum of 50,000 hours.

		4. Unless specified on plans or in lighting fixture schedule, the LED color temperature shall be 4100 kelvin  

		5. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.

		6. Diodes, modules, and boards shall be replaceable in the field without replacement of housing or fixture.

		7. Fixtures utilizing LED sources shall be UL listed and tested for proper heat dissipation.

		8. Maximum inrush current of 2 amperes for 120V and 277V LED drivers.

		9. Constant current drivers must provide models to:

		a. Support from 200mA to 2.1Amps (in 10mA steps) to ensure a compatible driver exists.

		b. Support LED arrays up to 40W or 50W (710mA to 1.05A in 10mA steps)



		10. Constant voltage drivers must provide models to:

		a. Support from 10V to 40V (in 0.5V steps) to ensure a compatible driver exists.

		b. Support LED arrays up to 40W



		11. LED drivers shall be integral to fixture.

		12. LED drivers shall be dimmable from 100 percent to 0 percent of maximum light output.



		U. Acceptable manufacturers

		1. Fluorescent Lamps: Osram/Sylvania, 800 XP series

		2. LED drivers:  Philips



		V. All lamps shall be burned once installed in the fixtures for 100 hours, prior to switching or dimming.



		2.2 BALLASTS

		A. General

		1. Ballasts shall be UL listed when installed in luminaire.

		2. Ballasts shall be grounded appropriately as governed by CEC Article 410.36(V).

		3. Ballasts shall be located within the luminaire for which it is operating unless specifically indicated on plans as remote ballast type.

		4. Ballasts shall contain no PCB's in any indoor or outdoor installation unless otherwise noted.

		5. Ballasts shall be rated weatherproof type where there is moisture present.

		6. A permanent waterproof seal shall be factory provided where the wiring enters the ballast compartment of an outdoor luminaire installation.



		B. Fluorescent ballasts

		1. Solid State Ballasts (Electronic)

		a. Electronic ballasts shall meet or exceed ANSI, IEEE, and FCC standards for lamp starting and operation, electromagnetic interference, radio frequency interference suppression and line transient protection.

		b. Electronic ballasts shall not interfere with other electrical equipment normal operation.

		c. Electronic ballasts shall operate at a frequency of 20 to 35 kHz with no detectable flicker and be high power factor (97% or higher).

		d. Electronic ballasts that operate more than one lamp shall be able to maintain full output of the companion lamp(s) after failure of any combination of lamp(s).

		e. Electronic ballasts shall not be affected by lamp failure nor hinder the normal life of operating lamp.

		f. Electronic ballast normal case operating temperature shall not exceed 70 degrees C.

		g. Rapid-start electronic ballasts shall provide soft/stable start of rapid-start lamps and maintain full cathode heat during operation.

		h. Electronic ballasts shall be marked with manufacturer's name, part number, supply voltage, power factor, open circuit voltage, current draw for each lamp type and bear all applicable UL listings on housing.

		i. Electronic ballasts shall be universal voltage (120V – 277V).

		j. Instant start ballasts are not acceptable.

		k. Dimming ballasts shall be flicker-free and compatible with the lamp and dimming controller.

		l. Exterior ballast shall be rated for cold weather conditions.

		m. Designed for type and quantity of lamps served.

		n. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level control is indicated.

		o. Sound Rating:  Class A.

		p. THD Rating: Less than 10 percent.

		q. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, Category A or better.

		r. Lamp Current Crest Factor:  1.7 or less.

		s. BF:  0.88 or higher.

		t. Power Factor:  0.95 or higher.

		u. Luminaires controlled by occupancy sensors shall have programmed-start ballasts.

		v. Electronic Programmed-Start Ballasts for T8, T5, and T5HO Lamps: Comply with ANSI C82.11 and the following:

		1) Lamp end-of-life detection and shutdown circuit for T5 diameter lamps.

		2) Automatic lamp starting after lamp replacement.



		w. Ballasts for Low-EMI Environments: Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on EMI and RFI for consumer equipment.

		x. Ballasts for Dimmer-Controlled Luminaires: Electronic type.

		1) Dimming Range: 100 to 5 percent of rated lamp lumens.

		2) Ballast Input Watts: Can be reduced to 20 percent of normal.

		3) Compatibility: Certified by manufacturer for use with specific dimming control system and lamp type indicated.

		4) Control: Coordinate wiring from ballast to control device to ensure that ballast, controller, and connecting wiring are compatible.







		C. Acceptable Manufacturers

		1. Solid state ballasts (electronic):  Osram Sylvania or, Quicktronic, or approved equal.





		2.3 LUMINAIRES

		A. General

		1. Escutcheon plates, coverplates, and finish trim hardware shall meet flush with ceiling, floor, wall or other surfaces to which they may be mounted.

		2. Luminaire construction shall allow initial installation of recessed luminaires without the presence of finish trim, diffusers or lens.

		3. Lamp sockets and reflector assemblies shall be securely fastened to luminaire housing to prevent rotation, adjustment or rocking of hardware during lamping or future relamping.

		4. Luminaire lenses shall be securely retained in a fashion so that relamping or accessing to luminaire will not dislodge lens.

		5. Luminaire lenses and diffusers shall be free from chromatic or spherical imperfections and have thermal characteristics capable of withstanding installed lamp temperatures.

		6. Pendant type luminaries shall be mounted to provide balanced construction with the use of swivel hanger.  Swivel hanger shall be provided standard or ordered as accessory unless specified otherwise.

		7. Bracket type luminaires shall be specifically designed for type installation which is indicated.

		8. Luminaries shall be factory tested, prewired and preassembled unless otherwise specified or intended.

		9. Luminaires located in direct exposure to the weather to include rain, sleet and snow shall be marked "Suitable for Wet Locations" with UL label.  Luminaires located outdoors but not in direct exposure to rain shall be marked "Suitable for Damp Locations" minimum rated.

		10. Where ceiling space is not accessible, luminaire housing shall provide access to luminaire junction box to comply with CEC section 370-29.

		11. Luminaires shall contain an integral ballast disconnect compliant with CEC section 410.73.



		B. Fluorescent Luminaires

		1. Recessed fluorescent luminaires shall be constructed to limit ballast housing surface temperature in luminaire to 90°C with the following factors:

		a. Voltage:  277V +5%, unless noted otherwise

		b. Room Ambient Temp:  25 degrees C + 5%

		c. Plenum Ambient Temp:  55 degrees C +5%

		d. Ceiling Material R Factor:  20



		2. Medium BiPin type lamp socket shall be fastened securely to housing via brackets or straps to eliminate excessive flexing or pressure during normal lamp installation.  Socket should be replaceable without removing entire housing.

		3. Medium BiPin type lamp sockets without a housing shall be secured with (2) appropriate screws or bolts to prevent misalignment.

		4. Fluorescent pin type sockets shall utilize corrosion-resistant "edge-wipe" type contacts.

		5. Steel metal fluorescent luminaire housing shall be constructed of die formed, heavy duty, cold rolled steel.  Housing shall be welded using lab seam construction and corners mitered and free of burrs, cracks, gouges, scratches.

		6. Aluminum fluorescent luminaire housing shall be extruded or die formed in sections, which will positively interconnect to provide a rigid unit when assembled.

		7. Steel metal construction of fluorescent luminaires housing shall be ribbed, section or paneled to provide internal structure.

		8. Parabolic baffle optic control for fluorescent luminaires shall be semi-specular anodized, of low iridescent and constructed of sheet aluminum.  Baffle shall be constructed to ensure rigidity and parabolic contours through interlocking cell assembly.

		9. Prismatic lenses shall be of virgin acrylic plastic pattern 12 (0.125 inches thick pre-stressed to span 48-inches) unless specified otherwise on plans.

		10. Compact fluorescent luminaire shall incorporate an End of Life (EOL) protection device.



		C. Acceptable manufacturers shall be as specified on plans per Lighting Fixtures Schedule unless otherwise specified herein or on plans.



		2.4 LUMINAIRE SUPPORT COMPONENTS

		A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.

		B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish shall match luminaire.

		C. Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 10 gauge.

		D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.

		E. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment with threaded attachment, cord, and locking-type plug.





		PART 3 - EXECUTION

		3.1 FIELD QUALITY CONTROL

		A. Any discrepancies with specified luminaire and its proposed use or environment shall be brought to the Engineer's attention as soon as possible.



		3.2 EXAMINATION

		A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

		B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before fixture installation.

		C. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 TEMPORARY LIGHTING

		A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is sufficiently complete, clean luminaires used for temporary lighting and install new lamps.



		3.4 INSTALLATION

		A. Luminaires shall be installed complete with all accessories, glassware, canopies, sockets, reflectors, optics, wiring devices and supplied with new lamps of the type and wattage indicated on plans or in this specification unless specifically noted otherwise.

		B. Comply with NECA 1.

		C. All luminaires shall be supported in accordance with ASTM E-580 recommended guidelines for seismic restraint, as well as the latest version of the International Building Code related to lateral and vertical bracing, including but not limited to:

		1. Recessed luminaires shall have a minimum of four (4) #10 gauge wires attached to structure above; (1) wire at each corner of the luminaire.  The wires shall be independent of ceiling support system.

		2. All lighting fixtures shall be positively attached to the suspended ceiling system. The attachment device shall have a capacity of 100 percent of the lighting fixture weight acting in any direction.

		3. Pendant-hung lighting fixtures shall be supported directly from the structure above with #9 gauge wire or approved alternate support without using the ceiling suspension system for direct support.



		D. Mount luminaries in mechanical yards, areas and rooms to clear any mechanical equipment, conduit and clearances.  Coordinate mounting with mechanical plans.

		E. Junction box and ballast compartment shall be accessible from below when housing is installed in final position.  Wiring shall be secured from damage when accessed for relamping.

		F. Fire rated gypsum board enclosures shall be constructed around all recessed luminaires that penetrate fire rated areas.

		G. All surface mounted luminaires installed on a suspended ceiling grid shall have four (4) supporting clips positively attaching corners of housing to the ceiling.  Installation shall include 1/8" spacers between the housing and ceiling tile where applicable.

		H. Actual locations of luminaires and dimensions shall be referenced to architectural drawings.  Electrical plans shall not be used to scale for construction purposes.  Any discrepancies shall be brought to the engineer's attention prior to installation.

		I. Utilize modular wiring systems in the installation of luminaires where accessible and applicable.  The system shall be complete with all required fittings, plugs, and cord drops for a complete operating system per specifications.

		J. Provide additional junction boxes as required where conductor exceeds factory provided junction box limitations.

		K. Installation shall be appropriately coordinated with all disciplines to insure proper ventilation and heat dissipation as required per manufacturer.

		L. Where luminaires are served from two sources, a barrier shall be provided to separate emergency source from normal source with notation indicating separate sources.

		M. Luminaires not utilizing modular wiring systems, shall be connected with maximum six (6) foot length of flexible metal conduit from a structurally mounted junction box.

		N. Wall mounted luminaries and junction boxes shall be rigidly supported to structure to provide adequate support during normal operation.

		O. Pendant luminaries shall be mounted in a uniform mounting height and in straight, parallel, continuous rows.  Final coordination with the architectural reflected ceiling plan, mechanical equipment and plumbing fixtures shall be made in the field to ensure consistent spacing and locations.

		P. All wall mounted fixtures shall be mounted to a supporting wall bracing material in addition to the junction box.  The bracing material is secured to structural elements in the wall.  The bracing shall be capable of supporting the weight of the fixture and comply with the manufacturer’s requirements and recommendations.

		Q. Remote Mounting of Ballasts: Distance between the ballast and luminaire shall not exceed that recommended by ballast manufacturer. Verify, with ballast manufacturers, maximum distance between ballast and luminaire.

		R. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

		S. Install lamps in each luminaire.

		T. Coordinate layout and installation of luminaires and suspension system with other construction that penetrates ceilings or is supported by them.

		U. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and Section 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods.

		V. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."



		3.5 LABORATORY INSTALLATION

		A. Luminaires mounted in a controlled environment such as a clean room shall be gasketed and sealed where the housing meets the ceiling with a continuous silicone-based resilient sealant bead.

		B. Luminaires installed in a wet environment such as a wipe-down or hose-down laboratory shall bear the “Wet Location” UL listing and sealed waterproof with appropriate silicone based resilient sealant.

		C. Ceiling openings installed in a sealed environment to insure accessibility to outlet boxes shall be gasketed to prevent any flow of air.  The cover shall be constructed to ensure structural integrity for continuous removal from ceiling and be mounted with large head screws as required.



		3.6 FIELD TESTING

		A. Upon completion of installation, an operation test shall be conducted to show that all equipment operates in accordance with the requirement of this specification.

		B. Upon completion of the installation, a field lighting survey shall be performed to verify that the designed illumination levels are satisfied.  All large classrooms, laboratories, conference rooms, etc. shall be surveyed with a calibrated light meter.

		C. All applicable tests shall be conducted in the presence of an Owner Representative and copies of any reports shall be provided.

		D. Reports shall indicate when and where the test was conducted and who was present.

		E. Upon completion of installations, luminaires requiring positioning shall be adjusted and aimed at final position.



		3.7 CLEANING AND REPAIR

		A. After complete lighting installation and before project completion, all damaged or faulty lenses or louvers in luminaires shall be replaced by the Electrical Contractor, at no additional cost to the Owner.

		B. All anodized or highly visual or optically sensitive reflectors shall be cleaned of all fingerprints and smudges for a clean installation per manufacturer’s recommendations.

		C. All luminaries with paint scratches, dents or deformations due to installation or shipping shall be repaired, touched up or replaced as required or deemed necessary by the Electrical Engineer at no additional cost to the Owner.

		D. Upon final installation of individual luminaires, dirt and debris shall be removed from luminaire enclosures.



		3.8 ADJUSTING

		A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some of this work may be required during hours of darkness.

		1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are defective.

		2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

		3. Adjust the aim of luminaires in the presence of the Architect.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Exit signs. 
2. Luminaire supports. 


1.3 DEFINITIONS 


A. Fixture: See "Luminaire" Paragraph. 


B. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 


1.4 ACTION SUBMITTALS 


A. Shop drawings for all fixtures shall be submitted and reviewed prior to fabrication.  
Any material produced prior to the review of shop drawings or samples, and not in 
conformance with the Contract Documents, shall be rejected with the Contractor 
bearing full responsibility and cost. Submit shop drawings per Section 260500 for 
review, include the following: 
1. Luminaires 
2. Lamps 
3. Batteries 
4. Accessories 


B. Submit shop drawings indexed, and in accordance with luminaire identification per 
drawings. Each item shall be tabbed, clearly identifying the catalog ordering 
numbers including all optional equipment specified. 


C. Luminaire shop drawings shall include the following: 
1. Manufacturer’s product information sheets.  Photocopy of partial data sheet 


or drawings is not acceptable.  Product information shall include the 
following: 
a. Ballast type, manufacturer and performance characteristics 
b. Lamp type, manufacturer and performance characteristics 
c. Finish, frame, trim and housing type 
d. Reflector system and characteristics 
e. Diffuser type and characteristics 
f. Weight and dimensions 
g. Standard manufacturer options 
h. Luminaire series and model number 
i. Luminaire efficiency 
j. Coefficient of utilization 
k. Candlepower data table 
l. Zonal lumens table 
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m. IES luminaire classification 
n. Maintenance and operating instructions including tools required, 


types of cleaners to be used and suggested replacement parts list. 
o. Average foot candle table. 


2. Photometric data assembled in a standard IES photometric test report. 


D. If requested by the Engineer, samples shall be submitted for final selection.  
Samples shall comply with the following: 
1. Paint chips: 


a. Samples shall be provided and approved prior to any release to 
manufacture. 


b. Samples shall be a minimum of 3"x3" and be of exact finishes. 
c. Samples shall be exact representatives of the luminaires: 


1) Priming process 
2) Painting process 
3) Baking process 
4) Finish process 
5) Luminaire material (i.e. sheet metal, aluminum, wood, etc) 


d. Samples shall be labeled with manufacturers color call-out, as well 
as the paint manufacturer’s call-out. 


2. Fixtures: 
a. Submit for approval samples called for to the Engineer when and 


where directed, the components marked with the name of the 
project, and fixture type, and part number.  Fixture shall be provided 
with a 6' cord and plug, and specified lamp.  Allow two weeks from 
the date of receipt for thorough examination and review by the 
Engineer. 


b. Fixtures under the contract shall be identical with the approved 
sample fixture.  No fixture used as a sample shall be allowed to be 
installed on the project. 


c. In the event the submissions are disapproved, the fixtures shall be 
returned to the contractor to immediately make a new submission of 
fixture or fixtures meeting the contract requirements. 


d. All charges for these shipments are to be prepaid by the Contractor. 
e. Samples shall be provided and approved prior to any release to 


manufacture. 


1.5 INFORMATIONAL SUBMITTALS 


A. Seismic Qualification Certificates: For luminaires, accessories, and components, 
from manufacturer. 
1. Basis for Certification: Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. 
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity 


and locate and describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the 


certification is based and their installation requirements. 


1.6 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For luminaires and lighting systems to include in 
emergency, operation, and maintenance manuals. 
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1. Provide a list of all lamp types used on Project; use ANSI and 
manufacturers' codes. 


1.7 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Luminaire-mounted, emergency battery pack: One for every 50 emergency 


lighting units. Furnish at least one of each type. 
2. Diffusers and Lenses:  One for every 100 of each type and rating installed. 


Furnish at least one of each type. 


1.8 DELIVERY, STORAGE, AND HANDLING 


A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering before shipping. 


1.9 WARRANTY 


A. Contractor shall warranty equipment and installation free from defects in material 
and workmanship for a period of no less than (1) year from the date of project 
acceptance.  This includes the fixture, its finishes and components.  


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7. 
1. The term "withstand" means "the luminaire will remain in place without 


separation of any parts when subjected to the seismic forces specified." 


2.2 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and 
batteries to comply with UL 924. 


C. Comply with CEC and NFPA 101. 


2.3 EXIT SIGNS 


A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, 
luminance, and lettering size, comply with authorities having jurisdiction. 


B. All exit signs and emergency egress lighting shall be powered via a central battery 
inverter or generator. 


C. Internally Lighted Signs: 
1. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life. 
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2. Self-Powered Exit Signs (Battery Type): Internal emergency power unit. 


D. Self-Luminous Signs: 
1. Powered by tritium gas, with universal bracket for flush-ceiling, wall, or end 


mounting. Signs shall be guaranteed by manufacturer to maintain the 
minimum brightness requirements in UL 924 for 20 years. 


2.4 MATERIALS 


A. Metal Parts: 
1. Free of burrs and sharp corners and edges. 
2. Sheet metal components shall be steel unless otherwise indicated. 
3. Form and support to prevent warping and sagging. 


B. Doors, Frames, and Other Internal Access: 
1. Smooth operating, free of light leakage under operating conditions. 
2. Designed to permit relamping without use of tools. 
3. Designed to prevent doors, frames, lenses, diffusers, and other components 


from falling accidentally during relamping and when secured in operating 
position. 


C. Housings:  
1. Extruded aluminum housing. 
2. Clear powder coat finish. 


2.5 METAL FINISHES 


A. Appearance of Finished Work: Noticeable variations in same piece are not 
acceptable. Variations in appearance of adjoining components are acceptable if they 
are within the range of approved Samples and are assembled or installed to 
minimize contrast. 


2.6 LUMINAIRE SUPPORT COMPONENTS 


A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 


B. Support Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 10 
gauge. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine substrates, areas, and conditions, with Installer present, for compliance 
with requirements for conditions affecting performance of luminaires. 


B. Examine roughing-in for luminaire to verify actual locations of luminaire and 
electrical connections before luminaire installation. 


C. Examine walls, floors, roofs, and ceilings for suitable conditions where emergency 
lighting luminaires will be installed. 
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D. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 INSTALLATION 


A. Comply with NECA 1. 


B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise 
indicated. 


C. Luminaires shall be installed complete with all accessories, glassware, canopies, 
sockets, reflectors, optics, wiring devices and supplied with new lamps of the type 
and wattage indicated on plans or in this specification unless specifically noted 
otherwise 


D. All luminaires shall be supported in accordance with ASTM E-580 recommended 
guidelines for seismic restraint, as well as the latest version of the International 
Building Code related to lateral and vertical bracing, including but not limited to: 
1. Recessed luminaires shall have a minimum of four (4) #10 gauge wires 


attached to structure above; (1) wire at each corner of the luminaire.  The 
wires shall be independent of ceiling support system. 


2. All lighting fixtures shall be positively attached to the suspended ceiling 
system. The attachment device shall have a capacity of 100 percent of the 
lighting fixture weight acting in any direction. 


3. Pendant-hung lighting fixtures shall be supported directly from the structure 
above with #9 gauge wire or approved alternate support without using the 
ceiling suspension system for direct support. 


E. Mount luminaries in mechanical yards, areas and rooms to clear any mechanical 
equipment, conduit and clearances.  Coordinate mounting with mechanical plans. 


F. Junction box and ballast compartment shall be accessible from below when housing 
is installed in final position.  Wiring shall be secured from damage when accessed 
for relamping. 


G. All surface mounted luminaires installed on a suspended ceiling grid shall have four 
(4) supporting clips positively attaching corners of housing to the ceiling.  Installation 
shall include 1/8" spacers between the housing and ceiling tile where applicable. 


H. Wall mounted luminaries and junction boxes shall be rigidly supported to structure to 
provide adequate support during normal operation. 


I. All wall mounted fixtures shall be mounted to a supporting wall bracing material in 
addition to the junction box.  The bracing material is secured to structural elements 
in the wall.  The bracing shall be capable of supporting the weight of the fixture and 
comply with the manufacturer’s requirements and recommendations. 


J. Actual locations of luminaires and dimensions shall be referenced to architectural 
drawings.  Electrical plans shall not be used to scale for construction purposes.  Any 
discrepancies shall be brought to the engineer's attention prior to installation. 


K. Where luminaires are served from two sources, a barrier shall be provided to 
separate emergency source from normal source with notation indicating separate 
sources. 
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3.3 IDENTIFICATION 


A. Identify system components, wiring, cabling, and terminals. Comply with 
requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 


3.4 FIELD QUALITY CONTROL 


A. Perform the following tests and inspections: 
1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper 


operation. Verify transfer from normal power to battery power and retransfer 
to normal. 


B. Exit signs shall be individually reviewed after installation completion to ensure 
directional arrows are properly provided and positioned. 


C. Luminaire will be considered defective if it does not pass operation tests and 
inspections. 


D. Prepare test and inspection reports. 


3.5 STARTUP SERVICE 


A. Perform startup service: 
1. Charge batteries minimum of 24 hours and conduct one-hour discharge test. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Exit signs.

		2. Luminaire supports.





		1.3 DEFINITIONS

		A. Fixture: See "Luminaire" Paragraph.

		B. Luminaire: Complete lighting unit, including lamp, reflector, and housing.



		1.4 ACTION SUBMITTALS

		A. Shop drawings for all fixtures shall be submitted and reviewed prior to fabrication.  Any material produced prior to the review of shop drawings or samples, and not in conformance with the Contract Documents, shall be rejected with the Contractor bearing full responsibility and cost. Submit shop drawings per Section 260500 for review, include the following:

		1. Luminaires

		2. Lamps

		3. Batteries

		4. Accessories



		B. Submit shop drawings indexed, and in accordance with luminaire identification per drawings. Each item shall be tabbed, clearly identifying the catalog ordering numbers including all optional equipment specified.

		C. Luminaire shop drawings shall include the following:

		1. Manufacturer’s product information sheets.  Photocopy of partial data sheet or drawings is not acceptable.  Product information shall include the following:

		a. Ballast type, manufacturer and performance characteristics

		b. Lamp type, manufacturer and performance characteristics

		c. Finish, frame, trim and housing type

		d. Reflector system and characteristics

		e. Diffuser type and characteristics

		f. Weight and dimensions

		g. Standard manufacturer options

		h. Luminaire series and model number

		i. Luminaire efficiency

		j. Coefficient of utilization

		k. Candlepower data table

		l. Zonal lumens table

		m. IES luminaire classification

		n. Maintenance and operating instructions including tools required, types of cleaners to be used and suggested replacement parts list.

		o. Average foot candle table.



		2. Photometric data assembled in a standard IES photometric test report.



		D. If requested by the Engineer, samples shall be submitted for final selection.  Samples shall comply with the following:

		1. Paint chips:

		a. Samples shall be provided and approved prior to any release to manufacture.

		b. Samples shall be a minimum of 3"x3" and be of exact finishes.

		c. Samples shall be exact representatives of the luminaires:

		1) Priming process

		2) Painting process

		3) Baking process

		4) Finish process

		5) Luminaire material (i.e. sheet metal, aluminum, wood, etc)



		d. Samples shall be labeled with manufacturers color call-out, as well as the paint manufacturer’s call-out.



		2. Fixtures:

		a. Submit for approval samples called for to the Engineer when and where directed, the components marked with the name of the project, and fixture type, and part number.  Fixture shall be provided with a 6' cord and plug, and specified lamp.  Allow two weeks from the date of receipt for thorough examination and review by the Engineer.

		b. Fixtures under the contract shall be identical with the approved sample fixture.  No fixture used as a sample shall be allowed to be installed on the project.

		c. In the event the submissions are disapproved, the fixtures shall be returned to the contractor to immediately make a new submission of fixture or fixtures meeting the contract requirements.

		d. All charges for these shipments are to be prepaid by the Contractor.

		e. Samples shall be provided and approved prior to any release to manufacture.







		1.5 INFORMATIONAL SUBMITTALS

		A. Seismic Qualification Certificates: For luminaires, accessories, and components, from manufacturer.

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.





		1.6 CLOSEOUT SUBMITTALS

		A. Operation and Maintenance Data: For luminaires and lighting systems to include in emergency, operation, and maintenance manuals.

		1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes.





		1.7 MAINTENANCE MATERIAL SUBMITTALS

		A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		1. Luminaire-mounted, emergency battery pack: One for every 50 emergency lighting units. Furnish at least one of each type.

		2. Diffusers and Lenses:  One for every 100 of each type and rating installed. Furnish at least one of each type.





		1.8 DELIVERY, STORAGE, AND HANDLING

		A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering before shipping.



		1.9 WARRANTY

		A. Contractor shall warranty equipment and installation free from defects in material and workmanship for a period of no less than (1) year from the date of project acceptance.  This includes the fixture, its finishes and components. 





		PART 2 - PRODUCTS

		2.1 PERFORMANCE REQUIREMENTS

		A. Seismic Performance: Luminaires shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the luminaire will remain in place without separation of any parts when subjected to the seismic forces specified."





		2.2 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING

		A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and batteries to comply with UL 924.

		C. Comply with CEC and NFPA 101.



		2.3 EXIT SIGNS

		A. General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility, luminance, and lettering size, comply with authorities having jurisdiction.

		B. All exit signs and emergency egress lighting shall be powered via a central battery inverter or generator.

		C. Internally Lighted Signs:

		1. Lamps for AC Operation: LEDs; 50,000 hours minimum rated lamp life.

		2. Self-Powered Exit Signs (Battery Type): Internal emergency power unit.



		D. Self-Luminous Signs:

		1. Powered by tritium gas, with universal bracket for flush-ceiling, wall, or end mounting. Signs shall be guaranteed by manufacturer to maintain the minimum brightness requirements in UL 924 for 20 years.





		2.4 MATERIALS

		A. Metal Parts:

		1. Free of burrs and sharp corners and edges.

		2. Sheet metal components shall be steel unless otherwise indicated.

		3. Form and support to prevent warping and sagging.



		B. Doors, Frames, and Other Internal Access:

		1. Smooth operating, free of light leakage under operating conditions.

		2. Designed to permit relamping without use of tools.

		3. Designed to prevent doors, frames, lenses, diffusers, and other components from falling accidentally during relamping and when secured in operating position.



		C. Housings: 

		1. Extruded aluminum housing.

		2. Clear powder coat finish.





		2.5 METAL FINISHES

		A. Appearance of Finished Work: Noticeable variations in same piece are not acceptable. Variations in appearance of adjoining components are acceptable if they are within the range of approved Samples and are assembled or installed to minimize contrast.



		2.6 LUMINAIRE SUPPORT COMPONENTS

		A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.

		B. Support Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 10 gauge.





		PART 3 - EXECUTION

		3.1 EXAMINATION

		A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for conditions affecting performance of luminaires.

		B. Examine roughing-in for luminaire to verify actual locations of luminaire and electrical connections before luminaire installation.

		C. Examine walls, floors, roofs, and ceilings for suitable conditions where emergency lighting luminaires will be installed.

		D. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.2 INSTALLATION

		A. Comply with NECA 1.

		B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

		C. Luminaires shall be installed complete with all accessories, glassware, canopies, sockets, reflectors, optics, wiring devices and supplied with new lamps of the type and wattage indicated on plans or in this specification unless specifically noted otherwise

		D. All luminaires shall be supported in accordance with ASTM E-580 recommended guidelines for seismic restraint, as well as the latest version of the International Building Code related to lateral and vertical bracing, including but not limited to:

		1. Recessed luminaires shall have a minimum of four (4) #10 gauge wires attached to structure above; (1) wire at each corner of the luminaire.  The wires shall be independent of ceiling support system.

		2. All lighting fixtures shall be positively attached to the suspended ceiling system. The attachment device shall have a capacity of 100 percent of the lighting fixture weight acting in any direction.

		3. Pendant-hung lighting fixtures shall be supported directly from the structure above with #9 gauge wire or approved alternate support without using the ceiling suspension system for direct support.



		E. Mount luminaries in mechanical yards, areas and rooms to clear any mechanical equipment, conduit and clearances.  Coordinate mounting with mechanical plans.

		F. Junction box and ballast compartment shall be accessible from below when housing is installed in final position.  Wiring shall be secured from damage when accessed for relamping.

		G. All surface mounted luminaires installed on a suspended ceiling grid shall have four (4) supporting clips positively attaching corners of housing to the ceiling.  Installation shall include 1/8" spacers between the housing and ceiling tile where applicable.

		H. Wall mounted luminaries and junction boxes shall be rigidly supported to structure to provide adequate support during normal operation.

		I. All wall mounted fixtures shall be mounted to a supporting wall bracing material in addition to the junction box.  The bracing material is secured to structural elements in the wall.  The bracing shall be capable of supporting the weight of the fixture and comply with the manufacturer’s requirements and recommendations.

		J. Actual locations of luminaires and dimensions shall be referenced to architectural drawings.  Electrical plans shall not be used to scale for construction purposes.  Any discrepancies shall be brought to the engineer's attention prior to installation.

		K. Where luminaires are served from two sources, a barrier shall be provided to separate emergency source from normal source with notation indicating separate sources.



		3.3 IDENTIFICATION

		A. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."



		3.4 FIELD QUALITY CONTROL

		A. Perform the following tests and inspections:

		1. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify transfer from normal power to battery power and retransfer to normal.



		B. Exit signs shall be individually reviewed after installation completion to ensure directional arrows are properly provided and positioned.

		C. Luminaire will be considered defective if it does not pass operation tests and inspections.

		D. Prepare test and inspection reports.



		3.5 STARTUP SERVICE

		A. Perform startup service:

		1. Charge batteries minimum of 24 hours and conduct one-hour discharge test.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SCOPE 


A. Provide labor, materials, tools, and equipment necessary for and incidental to 
performing all operations in connection with furnishing, delivery and installation of 
the equipment of this section, as shown on the drawings and specified herein. 


B. Furnish and install complete lighting systems, wired, assembled and operable, 
except where specifically noted otherwise, which includes but not limited to the 
following: 
1. Luminaires 
2. Lamps and ballasts 
3. Mounting hardware 
4. Accessories as noted 
5. Poles 
6. Pole bases 
7. Anchor bolts and templates 
8. Spare lamps 


C. The materials and equipment herein specified shall be of new and domestic 
manufacturer and furnished in accordance with the applicable standards. 


D. Specifications and scale drawings are intended to convey the salient features, 
function and character of the fixtures only, and do not undertake to illustrate or set 
forth every item or detail necessary of the work. 


1.3 SUMMARY 


A. Section Includes: 
1. Exterior fluorescent luminaires, lamps, and ballasts. 
2. Exterior HID luminaires, lamps, and ballasts. 
3. Exterior solid-state luminaires that are designed for and exclusively use LED 


lamp technology. 
4. Luminaire supports. 
5. Poles and accessories for support of luminaires 


B. Related Requirements: 
1. Section 260923 "Lighting Control Devices" for automatic control of lighting, 


including time switches, photoelectric relays, occupancy sensors, and 
multipole lighting relays and contactors. 
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2. Section 260936.19 "Standalone Multipreset Modular Dimming Controls" for 
architectural dimming systems and for fluorescent dimming controls with 
dimming. 


3. Section 260943.23 "Relay-Based Lighting Controls" for manual or 
programmable control systems with low-voltage control wiring or data 
communication circuits. 


1.4 DEFINITIONS 


A. CCT: Correlated color temperature. 


B. CRI: Color rendering index. 


C. EPA: Equivalent projected area. 


D. Fixture: See "Luminaire." 


E. HID: High-intensity discharge. 


F. Lumen: Measured output of lamp and luminaire, or both. 


G. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 


H. Pole: Luminaire support structure, including tower used for large-area illumination. 


I. Standard: See "Pole." 


1.5 SUBMITTALS 


A. Shop drawings for all fixtures shall be submitted and approved before fabrication.  
Any material produced prior to the approval of shop drawings or samples, and not in 
conformance with the Contract Documents, shall be disapproved with the contractor 
bearing full responsibility and cost.  Submit shop drawings per Section 260500 for 
review, include the following: 
1. Luminaires 
2. Lamps 
3. Ballasts 
4. Photometric reports 
5. Point-by-point calculations specific to the project. 
6. Means of attaching luminaires to supports and indication that the attachment 


is suitable for components involved. 


B. Submit shop drawings indexed, and in accordance with luminaire identification per 
drawings. Each item shall be tabbed, clearly identifying the catalog ordering 
numbers including all optional equipment specified. 


C. Luminaire shop drawings shall include the following: 
1. Manufacturers report of current and original source.  Photocopy of partial 


data sheet or drawings is not acceptable.  Report shall include the following: 
a. Ballast type, manufacturer and performance characteristics 
b. Lamp type, manufacturer and performance characteristics 
c. Finish 
d. Reflector system and characteristics 
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e. Diffuser type and characteristics 
f. Weight and dimensions 
g. EPA rating 
h. Standard manufacturer options 
i. Luminaire series and model number 
j. Luminaire efficiency 
k. Candlepower data table 
l. Zonal lumens table 
m. IES luminaire classification 
n. Maintenance and operating instructions including tools required, 


types of cleaners to be used and suggested replacement parts list. 
2. Photometric data assembled in a standard IES photometric test report. 


D. Lamp shop drawings shall include type, dimensions, manufacturer and operating 
characteristics, including but not limited to: 
1. Operating voltage range 
2. Color Rendering Index (CRI) value per IES standards 
3. Color temperature (in Kelvin) 
4. Mounting position 
5. Starting temperature, indoor and outdoor 
6. Starting/restrike time 
7. Lamp life 
8. Lamp efficiency 
9. Warranty 
10. Lamp base 
11. Lumen rating 


E. Ballast shop drawings shall include type, dimensions, manufacturer and operating 
characteristic including but not limited to: 
1. Ballast operating temperature voltage 
2. Total harmonic distortion 
3. Ballast starting/restrike time 
4. Ballast efficiency factor (BEF) 
5. Ballast transformation type (i.e.: autotransformer, preheat, instant-start, 


rapid start, constant wattage, reactor, trigger-start) 
6. UL classification (i.e.: Class "P") 
7. Power factor 
8. Sound rating (fluorescent only) 
9. NEMA rating 


F. Product Data: For each pole, accessory, and luminaire-support, arranged as 
indicated. 
1. Include data on construction details, profiles, EPA, cable entrances, 


materials, dimensions, weight, rated design load, and ultimate strength of 
individual components. 


2. Include finishes for lighting poles and luminaire-supporting devices. 
3. Anchor bolts. 


G. Shop Drawings: For each pole, accessory, and luminaire-support, arranged as 
indicated. 
1. Include plans, elevations, sections, and mounting and attachment details. 
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2. Include details of equipment assemblies. Indicate dimensions, weights, 
loads, required clearances, method of field assembly, components, and 
location and size of each field connection. 


3. Detail fabrication and assembly of poles and pole accessories. 
4. Foundation construction details, including material descriptions, dimensions, 


anchor bolts, support devices, and calculations, signed and sealed by a 
professional engineer licensed in the state of installation. 


5. Anchor bolt templates keyed to specific poles and certified by manufacturer. 


H. If requested by the Engineer, samples shall be submitted for final selection.  
Samples shall comply with the following: 
1. Paint chips: 


a. Samples shall be provided and approved prior to any release to 
manufacture. 


b. Samples shall be minimum of 3"x3" and be of exact finishes. 
c. Samples shall be exact representatives of the luminaires: 


1) Priming process 
2) Painting process 
3) Baking process 
4) Finish process 
5) Luminaire material (i.e. sheet metal, aluminum, wood, etc) 


d. Samples shall be labeled with manufacturers color call-out, as well 
as the paint manufacturers’ call-out. 


2. Fixtures: 
a. Submit for approval samples called for to the Engineer when and 


where directed, the components marked with the name of the 
project, and fixture type, and part number.  Fixture shall be provided 
with a 6' cord and plug, and specified lamp.  Allow two weeks from 
the date of receipt for thorough examination and review by the 
Engineer. 


b. Fixtures under the contract shall be identical with the approved 
sample fixture.  No fixture used as a sample shall be allowed to be 
installed on the project. 


c. In the event the submissions are disapproved, the fixtures shall be 
returned to the contractor to immediately make a new submission of 
fixture or fixtures meeting the contract requirements. 


d. All charges for these shipments are to be prepaid by the contractor. 
e. Samples shall be provided and approved prior to any release to 


manufacture. 


I. LEED Submittals: 
1. Product Data for Credit MR 4: For products having recycled content, 


documentation indicating percentages by weight of postconsumer and 
preconsumer recycled content. Include statement indicating cost for each 
product having recycled content. 


2. Product Certificates for Credit MR 5: For products and materials required to 
comply with requirements for regional materials, certificates indicating 
location of material manufacturer and point of extraction, harvest, or 
recovery for each raw material. Include statement indicating distance to 
Project, cost for each regional material, and fraction by weight that is 
considered regional. 
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J. Delegated-Design Submittal: For luminaire supports. 
1. Include design calculations for luminaire supports and seismic restraints. 


K. Seismic Qualification Certificates: For luminaires, accessories, and components, 
from manufacturer. 
1. Basis for Certification: Indicate whether withstand certification is based on 


actual test of assembled components or on calculation. 
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity 


and locate and describe mounting and anchorage provisions. 


L. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements. 


M. Pole and Support Component Certificates: Signed by manufacturers of poles, 
certifying that products are designed for indicated load requirements according to 
AASHTO LTS-6-M and that load imposed by luminaire and attachments has been 
included in design. The certification shall be based on design calculations signed 
and sealed by a professional engineer. 


N. Operation and Maintenance Data: For luminaires, photoelectric relay, and poles to 
include in operation and maintenance manuals. 


O. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Lamps:  Ten for every 100 of each type and rating installed. Furnish at least 


one of each type. 
2. Glass, Acrylic, and Plastic Lenses, Covers, and Other Optical Parts:  One 


for every 100 of each type and rating installed. Furnish at least one of each 
type. 


3. Diffusers and Lenses:  One for every 100of each type and rating installed. 
Furnish at least one of each type. 


4. Globes and Guards:  One for every 20of each type and rating installed. 
Furnish at least one of each type. 


5. Ballasts:  One for every 100 of each type and rating installed. Furnish at 
least one of each type. 


6. Pole repair materials. 


1.6 FACTORY TESTING 


A. Luminaire testing shall be conducted by an approved independent testing laboratory. 


B. Luminaire tests shall be reported in accordance with Illuminating Engineering 
Society (IES) Standard Photometric Test Report. 


C. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire 
manufacturers' laboratory accredited under the NVLAP for Energy Efficient Lighting 
Products. 


1.7 QUALITY ASSURANCE 


A. Each LED luminaire type shall be binned within a three-step MacAdam Ellipse to 
ensure color consistency among luminaires. 
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B. Mockups: For exterior luminaires, complete with power and control connections. 
1. Obtain Architect's approval of luminaires in mockups before starting 


installations. 
2. Maintain mockups during construction in an undisturbed condition as a 


standard for judging the completed Work. 
3. Approval of mockups does not constitute approval of deviations from the 


Contract Documents contained in mockups unless Architect specifically 
approves such deviations in writing. 


4. Subject to compliance with requirements, approved mockups may become 
part of the completed Work if undisturbed at time of Substantial Completion. 


1.8 WARRANTY 


A. Contractor shall warranty equipment and installation free from defects in material 
and workmanship for a period of no less than (1) year from the date of project 
acceptance.  This includes the fixture, its finishes and components (see ballasts 
below). 


B. Fluorescent ballasts shall be warranted against defects in material and workmanship 
for a period of no less than (5) years for electronic ballasts, from the date of project 
acceptance regardless of the date of manufacture. 


C. HID ballasts shall be warranted against defects in material and workmanship for a 
period of no less than (2) years from the date of project acceptance regardless of 
the date of manufacture. 


D. Provide manufacturer’s warranty covering 5 years on drivers from date of purchase. 
1. LED dimming driver. 
2. 3-Wire (Line Voltage Controlled) Dimming Drivers 
3. Digital (Low Voltage Controlled) Dimming Drivers 
4. Forward Phase Control (neutral wire required) (Line Voltage Controlled) 


Dimming Drivers 


E. Special Warranty: Manufacturer agrees to repair or replace components of pole(s) 
that fail in materials or workmanship; that corrode; or that fade, stain, perforate, 
erode, or chalk due to effects of weather or solar radiation within a specified 
warranty period. Manufacturer may exclude lightning damage, hail damage, 
vandalism, abuse, or unauthorized repairs from special warranty period. 
1. Warranty Period:  Five years from date of Substantial Completion. 
2. Warranty Period for Corrosion Resistance:  Five years from date of 


Substantial Completion. 
3. Warranty Period for Color Retention:  Five years from date of Substantial 


Completion. 


1.9 FIELD CONDITIONS 


A. Verify existing and proposed utility structures prior to the start of work associated 
with luminaire installation. 


B. Mark locations of exterior luminaires for approval by Architect prior to the start of 
luminaire installation. 
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PART 2 - PRODUCTS 


2.1 GENERAL 


A. Luminaires shall bear the appropriate UL label for location, mounting position and 
operating conditions in which it is installed. 


B. Seismic Performance: Luminaires, foundation, and pole shall withstand the effects of 
earthquake motions determined according to ASCE/SEI 7. 
1. The term "withstand" means "the luminaire will remain in place without 


separation of any parts when subjected to the seismic forces specified." 
2. Component Importance Factor:  1.25. 


C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


D. NRTL Compliance: Luminaires shall comply with UL 1598 and be listed and labeled 
for indicated class and division of hazard by an NRTL. 


E. Lamp base complying with ANSI C81.61. 


F. Bulb shape complying with ANSI C79.1. 


G. Lateral Light Distribution Patterns: Comply with IES RP-8 for parameters of lateral 
light distribution patterns indicated for luminaires 


H. Lamp Rating: Lamp marked for outdoor use and in enclosed locations. 


I. Luminaires, ballasts and lamps shall each be of the same manufacturer and of 
identical finish, appearance, and performance. Luminaires which are pre-lamped 
before shipment shall have identical lamp manufacturer. Mix and match of different 
lamp manufacturer shall not be acceptable. 


J. Recessed ceiling mounted luminaires shall be provided with appropriate frame and 
trim type compatible with ceiling construction.  Reference architectural plans for 
ceiling construction type and specifications. 


K. Luminaires and devices shall be free of burrs, scratches, marks, and dents which 
may occur during transportation, storage or installation.  Construction shall be 
finished to eliminate sharp edges exposed to installer and end-user. 


L. Sheet metal construction of luminaires shall be of sufficient rigidity to prevent 
deformation during installation and typical use. 


M. Cast parts and sections of a luminaire shall be smooth, free of blemishes, rust and 
scale and be irradiated, sandblasted and anodized. 


N. All burned out lamps and ballasts shall be replaced by the end of contract prior to 
Architect, Owner Representative and Engineer final punchlist. 


O. Color shall be as indicated on plans. 
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P. Enamel paint shall be baked on at a minimum 300 degrees F and have 86% 
reflectivity for a surface, which is to be reflective. 


Q. Housings: Rigidly formed, weather and light tight enclosures that will not warp, sag, 
or deform in use. 


R. Doors, Frames, and Other Internal Access: Smooth operating, free from light 
leakage under operating conditions, and arranged to permit relamping without use of 
tools.  Arrange doors, frames, lenses, diffusers, and other pieces to prevent 
accidental falling during relamping and when secured in operating position.  Provide 
for door removal for cleaning or replacing lens.  Arrange to disconnect ballast when 
door opens. 


S. Plastic Parts: High resistance to yellowing and other changes due to aging, 
exposure to heat, and ultraviolet radiation. 


T. Lenses and Refractors: Materials as indicated.  Use heat and aging-resistant, 
resilient gaskets to seal and cushion lens and refractor in luminaire doors. 


2.2 LAMPS 


A. Fluorescent lamps 
1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color 


temperature shall be 4100 Kelvin (K). 
2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 


82 or greater. 


B. HID lamps 
1. Metal halide lamps shall be phosphor coated and universal burning position 


type unless otherwise noted.  Metal halide lamps shall incorporate a quartz 
shroud around arc tube to prevent outer jacket rupture in the event of a non-
passive arc tube failure. 


2. Metal halide lamps shall be of the type with a lifetime color stability within +/- 
200K.  If not available for the type and wattage specified, metal halide lamps 
with the best color uniformity as per current industry standards shall be 
used. 


3. Metal-Halide Lamps: ANSI C78.43, with CRI 65 and CCT 4000 K, minimum. 
4. Pulse-Start Metal-Halide Lamps: CRI 65 and CCT 4000 K, minimum. 
5. Ceramic Pulse-Start Metal-Halide Lamps: CRI 80 and CCT 4000 K, 


minimum. 
6. High Pressure Sodium lamps shall be diffuse coated and universal burning 


position type unless otherwise noted. 
7. High-Pressure Sodium Lamps: ANSI C78.42, with CRI 21, CCT 1900 K, and 


average rated life of 24,000 hours, minimum. 
a. Dual-Arc Tube Lamps: Arranged so only one of two arc tubes is 


lighted at one time and, when power is restored after an outage, the 
cooler arc tube, with lower internal pressure, lights instantly, 
providing an immediate 8 to 15 percent of normal light output. 


b.  
c.a.  


C. Compact Fluorescent 
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1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color 
temperature shall be 4100 Kelvin (K). 


2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 
82 or greater. 


3. Lamp base and fixture socket shall match pin configuration. 


D. LED – Light Emitting Diode 
1. LED diodes shall be of the type with lifetime color stability within +/- 200K. 
2. Diodes, modules, boards, etc. shall conform to IESNA LM70 and LM80 


testing and binning standards. 
3. LED lifespan, per IESNA LM80, shall be a minimum of 50,000 hours. 
4. Unless specified on plans or in lighting fixture schedule, the LED color 


temperature shall be 4100 Kelvin   
5. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 


82 or greater. 
6. Diodes, modules, and boards shall be replaceable in the field without 


replacement of housing or fixture. 
7. Fixtures utilizing LED sources shall be UL listed and tested for proper heat 


dissipation. 
8. Maximum inrush current of 2 amperes for 120V and 277V LED drivers. 
9. Constant current drivers must provide models to: 


a. Support from 200mA to 2.1Amps (in 10mA steps) to ensure a 
compatible driver exists. 


b. Support LED arrays up to 40W or 50W (710mA to 1.05A in 10mA 
steps) 


10. Constant voltage drivers must provide models to: 
a. Support from 10V to 40V (in 0.5V steps) to ensure a compatible 


driver exists. 
b. Support LED arrays up to 40W 


11. LED drivers shall be integral to fixture. 
12. LED drivers shall be dimmable from 100 percent to 0 percent of maximum 


light output. 


E. Acceptable manufacturers 
1. Fluorescent Lamps: Osram/Sylvania, 800 XP series 
2. Low Pressure Sodium Lamps: Osram/Sylvania or Philips 
3. Metal Halide Lamps: Osram/Sylvania, GE or Philips 
4. High Pressure Sodium Lamps: Osram/Sylvania, GE or Philips 
5. LED drivers:  Philips 


F. All lamps shall be burned once installed in the fixtures for 100 hours, prior to 
switching. 


2.3 BALLASTS 


A. General 
1. Ballasts shall be UL listed when installed in luminaire. 
2. Ballasts shall be grounded appropriately as governed by CEC Article 


410.36(V). 
3. Ballasts shall be located within the luminaire for which it is operating unless 


specifically indicated on plans as remote ballast type. 
4. Ballasts shall contain no PCB's in any indoor or outdoor installation unless 


otherwise noted. 
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5. Ballasts shall be rated weatherproof type where there is moisture present. 
6. A permanent waterproof seal shall be factory provided where the wiring 


enters the ballast compartment of an outdoor luminaire installation. 


B. Solid State Ballasts (Electronic) 
1. Electronic ballasts shall meet or exceed ANSI, IEEE, and FCC standards for 


lamp starting and operation, electro-magnetic interference, radio frequency 
interference suppression and line transient protection. 


2. Electronic ballasts shall not interfere with other electrical equipment normal 
operation. 


3. Electronic ballasts shall operate at a frequency of 20 to 35 kHz with no 
detectable flicker and be high power factor (97% or higher). 


4. Electronic ballasts that operate more than one lamp shall be able to 
maintain full output of the companion lamp(s) after failure of any 
combination of lamp(s). 


5. Electronic ballasts shall not be affected by lamp failure nor hinder the 
normal life of operating lamp. 


6. Electronic ballast normal case operating temperature shall not exceed 70 
degree C. 


7. Rapid-start electronic ballasts shall provide soft/stable start of rapid-start 
lamps and maintain full cathode heat during operation. 


8. Electronic ballasts shall be marked with manufacturer's name, part number, 
supply voltage, power factor, open circuit voltage, current draw for each 
lamp type and bear all applicable UL listings on housing. 


9. Exterior ballast shall be rated for cold weather conditions. 
10. Designed for type and quantity of lamps served. 
11. Ballasts shall be designed for full light output unless another BF, dimmer, or 


bi-level control is indicated. 
12. Sound Rating:  Class A. 
13. THD Rating: Less than 10 percent. 
14. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, 


Category A or better. 
15. Lamp Current Crest Factor:  1.7 or less. 
16. BF:  0.88 or higher. 
17. Power Factor:  0.95 or higher. 
18. Electronic Programmed-Start Ballasts for T8, T5, and T5HO Lamps: Comply 


with ANSI C82.11 and the following: 
a. Lamp end-of-life detection and shutdown circuit for T5 diameter 


lamps. 
b. Automatic lamp starting after lamp replacement. 


19. Ballasts for Bi-Level Controlled Luminaires: Electronic type. 
a. Operating Modes: Ballast circuit and leads provide for remote 


control of the light output of the associated lamp between high- and 
low-level operation and off. 
1) High-Level Operation: 100 percent of rated lamp lumens. 
2) Low-Level Operation: 30 percent of rated lamp lumens. 


b. Ballast shall provide equal current to each lamp in each operating 
mode. 


c. Compatibility: Certified by manufacturer for use with specific bi-level 
control system and lamp type indicated. 


C. Low-Pressure Sodium Ballasts 
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1. Low-pressure sodium ballasts shall bear all applicable UL listings on 
housing. 


2. Low-pressure sodium ballasts shall be auto-leakage transformer type. 
 


D. HID Ballasts 
1. Electronic Ballast for Metal-Halide Lamps: Include the following features 


unless otherwise indicated: 
a. Minimum Starting Temperature: Minus 20 deg F for single-lamp 


ballasts. 
b. Rated Ambient Operating Temperature: 130 deg F. 
c. Lamp end-of-life detection and shutdown circuit. 
d. Sound Rating: Class A. 
e. Total Harmonic Distortion Rating: Less than 20 percent. 
f. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, 


Category A or better. 
g. Lamp Current Crest Factor: 1.5 or less. 
h. Power Factor: 0.90 or higher. 
i. Protection: Class P thermal cutout. 
j. Instant-Restrike Device: Integral with ballast or solid-state potted 


module, factory installed within luminaire and compatible with 
lamps, ballasts, and mogul sockets up to 150 W. 


k. Minimum Starting Temperature: Minus 40 deg F. 
2. High pressure sodium ballasts shall be Regulating type with voltage 


regulation of �10% allowable and shall meet ANSI trapezoid limitations for 
voltage characteristics over the life of the lamp. 


3. HID ballasts shall be fused with manufacturer recommended size and type. 
4. HID ballasts shall bear all applicable UL listings on housing. 


E. Acceptable Manufacturers 
1. Solid state ballasts (electronic):  Osram Sylvania or “Quicktronic”. 
2. Low-pressure sodium ballasts: Magnetek, Advance Transformer Co. or 


approved equal. 
3. Metal halide ballasts: Magnetek, Advance Transformer Co. or approved 


equal. 
4. High-pressure sodium ballasts: Magnetek, Advance Transformer Co. or 


approved equal. 


2.4 LUMINAIRES 


A. General 
1. Escutcheon plates, coverplates, and finish trim hardware shall meet flush 


with ceiling, floor, wall or other surfaces to which they may be mounted. 
2. Luminaire construction shall allow initial installation of recessed luminaires 


without the presence of finish trim, diffusers or lens. 
3. Lamp sockets and reflector assemblies shall be securely fastened to 


luminaire housing to prevent rotation, adjustment or rocking of hardware 
during lamping or future relamping. 


4. Luminaire lenses shall be securely retained in a fashion so that relamping or 
accessing to luminaire will not dislodge lens. 


5. Luminaires lenses and diffusers shall be free from chromatic or spherical 
imperfections and have thermal characteristics capable of withstanding 
installed lamp temperatures. 
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6. Pendant type luminaires shall be mounted to provide balanced construction 
with the use of swivel hanger.  Swivel hanger shall be provided standard or 
ordered as accessory unless specified otherwise. 


7. Bracket type luminaires shall be specifically designed for type installation 
which is indicated. 


8. Luminaires shall be factory tested, prewired and preassembled unless 
otherwise specified or intended. 


9. Luminaires located in direct exposure to the weather to include rain, sleet 
and snow shall be marked "Suitable for Wet Locations" with UL label.  
Luminaires located outdoors but not in direct exposure to rain shall be 
market "Suitable for Damp Locations" minimum rated. 


10. Where ceiling space is not accessible, luminaire housing shall provide 
access to luminaire junction box to comply with CEC section 410.24(B). 


11. Luminaires shall contain an integral ballast disconnect compliant with CEC 
section 410.130(G). 


12. Factory-Applied Labels: Comply with UL 1598. Include recommended 
lamps. Labels shall be located where they will be readily visible to service 
personnel, but not seen from normal viewing angles when lamps are in 
place. 
a. Label shall include the following lamp characteristics: 


1) "USE ONLY," including specific lamp type. 
2) Lamp diameter, shape, size, wattage, and coating. 
3) CCT and CRI for all luminaires. 


13. Variations in Finishes: Noticeable variations in same piece are 
unacceptable. Variations in appearance of adjoining components are 
acceptable if they are within the range of approved Samples and are 
assembled or installed to minimize contrast. 


14. Luminaires mounted less than 25’-0” shall contain integral occupancy 
sensors to facilitate bi-level lighting based upon the presence of pedestrians 
or vehicles per Title 24 requirements. 


B. Fluorescent Luminaires 
1. Recessed fluorescent luminaires shall be constructed to limit ballast housing 


surface temperature in luminaire to 90 degrees C with the following factors: 
a. Voltage:  277V +5% 
b. Room Ambient Temp:  25 degrees C + 5% 
c. Plenum Ambient Temp:  55 degrees C +5% 
d. Ceiling Material R Factor:  20 


2. Medium BiPin type lamp socket shall be fastened securely to housing via 
brackets or straps to eliminate excessive flexing or pressure during normal 
lamp installation.  Socket should be replaceable without removing entire 
housing. 


3. Medium BiPin type lamp sockets without a housing shall be secured with (2) 
appropriate screws or bolts to prevent misalignment. 


4. Fluorescent pin type sockets shall utilize corrosion-resistant "edge-wipe" 
type contacts. 


5. Steel metal fluorescent luminaire housing shall be constructed of die 
formed, heavy duty, cold rolled steel.  Housing shall be welded using lab 
seam construction and corners mitered and free of burrs, cracks, gouges, 
scratches. 


6. Aluminum fluorescent luminaire housing shall be extruded or die formed in 
sections, which will positively interconnect to provide a rigid unit when 
assembled. 
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7. Steel metal construction of fluorescent luminaires housing shall be ribbed, 
section or paneled to provide internal structure. 


8. Parabolic baffle optic control for fluorescent luminaires shall be semi-
specular anodized, of low iridescent and constructed of sheet aluminum.  
Baffle shall be constructed to ensure rigidity and parabolic contours through 
interlocking cell assembly. 


9. Prismatic lenses shall be of virgin acrylic plastic pattern 12 (0.125 inches 
thick pre-stressed to span 48-inches) unless specified otherwise on plans. 


10. Fluorescent luminaires mounted in accessible ceiling areas shall utilize a 
plug together modular wiring system.  The system shall be installed with all 
required fittings, plugs, and cord drops for a complete and operating system. 


11. Compact fluorescent luminaire shall incorporate an End of Life (EOL) 
protection device. 


C. Low Pressure Sodium Luminaires 
1. Low pressure sodium luminaires shall comply with HID luminaire 


requirements where applicable. 


D. HID Luminaires 
1. HID luminaires shall be provided with porcelain, screw type mogul sockets 


UL listed for 1500W or higher at 600 volts where applicable.   
2. High-pressure sodium luminaires shall operate ballasts and lamps with lamp 


in open and short circuit conditions for 6 months without significant ballast 
life loss. 


3. High-pressure sodium luminaires shall operate within 2% of their labeled 
wattage with a +/-10% variance of input rated voltage.  Power factor shall 
maintain minimum of 85% through life. 


2.5 LUMINAIRE SUPPORT COMPONENTS 


A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for channel and angle iron supports and nonmetallic channel and angle 
supports. 


B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling 
canopy. Finish shall match luminaire. 


C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 10 gauge. 


D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 


2.6 STEEL POLES 


A. Source Limitations: For poles, obtain each color, grade, finish, type, and variety of 
pole from single source with resources to provide products of consistent quality in 
appearance and physical properties. 


B. Poles: Comply with ASTM A 500/A 500M, Grade B carbon steel with a minimum 
yield of 46,000 psig; one-piece construction up to 40 feet in height with access 
handhole in pole wall. 
1. Mounting Provisions: Butt flange for bolted mounting on foundation or 


breakaway support. 
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C. Grounding and Bonding Lugs: Welded 1/2-inch threaded lug, complying with 
requirements in Section 260526 "Grounding and Bonding for Electrical Systems," 
listed for attaching grounding and bonding conductors of type and size indicated, 
and accessible through handhole. 


D. Handhole: Oval shaped, with minimum clear opening of 2-1/2 by 5 inches, with 
cover secured by stainless-steel captive screws. 


E. Powder-Coat Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural 
and Metal Products" recommendations for applying and designating finishes. 
1. Surface Preparation: Clean surfaces according to SSPC-SP 1 to remove 


dirt, oil, grease, and other contaminants that could impair powder coat bond. 
Grind welds and polish surfaces to a smooth, even finish. Remove mill scale 
and rust, if present, from uncoated steel, according to SSPC-SP 5/NACE 
No. 1 or SSPC-SP 8. 


2. Powder Coat: Comply with AAMA 2604. 
a. Electrostatic-applied powder coating; single application and cured to 


a minimum 2.5- to 3.5-mils dry film thickness. Coat interior and 
exterior of pole for equal corrosion protection. 


b. Color:  As selected by Architect from manufacturer's full range. 


2.7 POLE LUMINAIRE SUPPORT COMPONENTS 


A. Description: Comply with AASHTO LTS-3 for pole or other support structures, 
brackets, arms, accessories, base, and anchorage and foundation. 


B. Wind-Load Strength of Total Support Assembly: Adequate to carry support 
assembly plus luminaires at indicated heights above grade without failure, 
permanent deflection, or whipping in steady winds of 110 mph with a gust factor of 
1.3.  Support assembly includes pole or other support structures, brackets, arms, 
appurtenances, base, and anchorage and foundation. 


C. Delegated Design: Engage a qualified professional engineer, as defined in 
Section 014000 "Quality Requirements," to design pole foundation and pole power 
system; 


D. Strength Analysis: For each pole, multiply the actual EPA of luminaires and brackets 
by a factor of 1.1 to obtain the EPA to be used in pole selection strength analysis. 


E. Finish: Match finish of pole/support structure for arm, bracket, and tenon mount 
materials. 


F. Mountings, Fasteners, and Accessories: Corrosion-resistant items compatible with 
support components. 
1. Materials: Will not cause galvanic action at contract points. 
2. Mountings: Correctly position luminaire to provide indicated light distribution. 
3. Anchor Bolts, Nuts, and Washers: Hot-dip galvanized after fabrication 


unless stainless-steel items are indicated. 
4. Anchor-Bolt Template: Plywood or steel. 
5. Poles located on top of parking structures shall feature hinged bases 


allowing the pole to be lowered for relamping. 
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2.8 LUMINAIRE TYPES 


A. See Fixture Schedule on electrical drawing. 


PART 3 - EXECUTION 


3.1 FIELD QUALITY CONTROL 


A. Any discrepancies with specified luminaire and its proposed use or environment 
shall be brought to the Engineer's attention as soon as possible. 
1. At project close-out, a list of damaged fixtures received by the contractor 


shall be provided to the Electrical Engineer for evaluation of fixture 
manufacturers shipping and packaging methods. 


3.2 EXAMINATION 


A. Examine substrates, areas, and conditions, with Installer present, for compliance 
with requirements for installation tolerances and other conditions affecting 
performance of the Work. 


B. Examine roughing-in for luminaire electrical conduit to verify actual locations of 
conduit connections before luminaire installation. 


C. Examine roughing-in for foundation and conduit to verify actual locations of 
installation. 


D. Examine walls, roofs, canopy ceiling, and overhang ceilings for suitable conditions 
where luminaires will be installed. 


E. Examine poles, luminaire-mounting devices, and pole accessories before 
installation. Components that are scratched, dented, marred, wet, moisture 
damaged, or visibly damaged are considered defective 


F. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.3 TEMPORARY LIGHTING 


A. If approved by the Architect, use selected permanent luminaires for temporary 
lighting. When construction is sufficiently complete, clean luminaires used for 
temporary lighting and install new lamps. 


3.4 INSTALLATION 


A. Comply with NECA 1. 


B. Use fastening methods and materials selected to resist seismic forces defined for 
the application and approved by manufacturer. 


C. Luminaires shall be installed complete with all accessories, glassware, canopies, 
sockets, reflectors, optics, wiring devices and supplied with new lamps of the type 
and wattage indicated on plans or in this specification unless specifically noted 
otherwise. 
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D. Concrete Foundations: Construct according to details and drawings. 
1. Comply with details for reinforcement and for anchor bolts, nuts, and 


washers.  Verify anchor-bolt templates by comparing with actual pole bases 
furnished. 


E. Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base 
flange. Structural steel complying with ASTM A 36/A 36M and hot-dip galvanized 
according to ASTM A 123/A 123 M; and with top-plate and mounting bolts to match 
pole-base flange and strength required to support pole, luminaire, and accessories. 
Concrete, reinforcement, and formwork are specified in Section 033000 "Cast-in-
Place Concrete. 
1. Anchor Bolts: Install plumb using manufacturer-supplied template, uniformly 


spaced. 


F. Install poles as follows: 
1. Use web fabric slings (not chain or cable) to raise and set poles. 
2. Alignment:  Align pole foundations and poles for optimum directional 


alignment of luminaires and their mounting provisions on pole. 
3. Clearances: Maintain the following minimum horizontal distances of poles 


from surface and underground features unless otherwise indicated on 
drawing. 
a. Fire Hydrants and Water Piping:  60 inches. 
b. Water, Gas, Electric, Communications, and Sewer Lines:  10 feet. 
c. Trees: 15 feet from tree trunk. 


4. Mount pole to foundation with leveling nuts, and tighten top nuts to torque 
level recommended by pole manufacturer. 


5. Foundation-Mounted Poles: Mount pole with leveling nuts and tighten top 
nuts to torque level according to pole manufacturer's written instructions. 
a. Use anchor bolts and nuts selected to resist seismic forces defined 


for the application and approved by manufacturer. 
b. Grout void between pole base and foundation. Use nonshrink or 


expanding concrete grout firmly packed to fill space. 
c. Install base covers unless otherwise indicated. 
d. Use a short piece of 1/2 -inch diameter pipe to make a drain hole 


through grout. Arrange to drain condensation from interior of pole. 
6. Poles and Pole Foundations Set in Concrete-Paved Areas: Install poles with 


a minimum 6-inch- wide, unpaved gap between the pole or pole foundation 
and the edge of the adjacent concrete slab. Fill unpaved ring with pea 
gravel. Insert material to a level 1 inch below top of concrete slab. 


7. Secure poles level, plum, and square. 
8. Grout void between pole base and foundation.  Use non-shrinking or 


expanding concrete grout firmly packed in entire void space. 


G. All luminaires (where applicable) shall be supported in accordance with ASTM E-580 
recommended guidelines for seismic restraint, as well as the latest version of the 
Uniform Building Code related to lateral and vertical bracing, including but not limited 
to: 
1. Recessed luminaires shall have a minimum of two (2) #12 gauge wires 


attached to structure above, independent of ceiling support system. 
2. All lighting fixtures shall be positively attached to the suspended ceiling 


system. The attachment device shall have a capacity of 100 percent of the 
lighting fixture weight acting in any direction. 
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3. Pendant-hung lighting fixtures shall be supported directly from the structure 
above with #9 gauge wire or approved alternate support without using the 
ceiling suspension system for direct support. 


H. Mount luminaires in mechanical yards, areas and rooms to clear any mechanical 
equipment, conduit and clearances.  Coordinate mounting with mechanical plans. 


I. Install luminaires level, plumb, and square with finished grade unless otherwise 
indicated. 


J. Coordinate layout and installation of luminaires with other construction. 


K. Adjust luminaires that require field adjustment or aiming. Include adjustment of 
photoelectric device to prevent false operation of relay by artificial light sources, 
favoring a north orientation. 


L. Comply with requirements in Section 260519 "Low-Voltage Electrical Power 
Conductors and Cables" and 260533 "Raceways and Boxes for Electrical Systems" 
for wiring connections and wiring methods. 
1. In concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping 


plastic tape applied with a 50 percent overlap. 


M. Bollard Luminare installation: 
1. Align units for optimum directional alignment of light distribution. 
2. Install on concrete base with top 4 inches above finished grade or surface at 


luminaire location. Cast conduit into base, and shape base to match shape 
of bollard base. Finish by troweling and rubbing smooth. Concrete materials, 
installation, and finishing are specified in Section 033000 "Cast-in-Place 
Concrete." 


N. Individual Ground-Mounted Luminaire installation: 
1. Install on concrete base with top 4 inches above finished grade or surface at 


luminaire location. Cast conduit into base, and finish by troweling and 
rubbing smooth. Concrete materials, installation, and finishing are specified 
in Section 033000 "Cast-in-Place Concrete." 


O. Junction box and ballast compartment shall be accessible from below when housing 
is installed in final position.  Wiring shall be secured from damage when accessed 
for relamping. 


P. Fire rated gypsum board enclosures shall be constructed around all recessed 
luminaires that penetrate fire rated areas. 


Q. Actual locations of luminaires and dimensions shall be referenced to architectural 
drawings.  Electrical plans shall not be used to scale for construction purposes.  Any 
discrepancies shall be brought to the engineer's attention prior to installation. 


R. Provide additional junction boxes as required where conductor exceeds factory 
provided junction box limitations. 


S. Installation shall be appropriately coordinated with all disciplines to insure proper 
ventilation and heat dissipation as required per manufacturer. 
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T. Where luminaires are served from two sources, a barrier shall be provided to 
separate emergency source from normal source with notation indicating separate 
sources. 


U. All wall mounted fixtures shall be mounted to a supporting wall bracing material in 
addition to the junction box.  The bracing shall be installed behind the finished wall 
surface and be secured to structural elements in the wall.  The bracing shall be 
capable of supporting the weight of the fixture and comply with manufacturer’s 
requirements and recommendations. 


V. Pendant luminaires shall be mounted in a uniform mounting height and in straight 
continuous rows.  Final coordination with mechanical equipment and plumbing 
fixtures shall be made in the field to ensure consistent spacing and locations. 


W. Luminaire Attachment: Fasten to indicated structural supports. 


X. Luminaire Attachment with Adjustable Features or Aiming: Attach luminaires and 
supports to allow aiming for indicated light distribution. 


Y. Lamp luminaires with indicated lamps according to manufacturer’s written 
instructions.  Replace malfunctioning lamps. 


Z. All exterior wall mounted fixtures shall be sealed watertight between the fixture 
housing or the canopy and the wall (or structure).  Clear silicone caulking (or 
matching color), shall be used. 


AA. Identify system components, wiring, cabling, and terminals. Comply with 
requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 


3.5 CONNECTIONS 


A. Ground equipment. 
1. Tighten electrical connectors and terminals according to manufacturer’s 


published torque-tightening values. 
2. Ground Metal Poles and Support Structures: Comply with requirements in 


Section 260526 "Grounding and Bonding for Electrical Systems." 


3.6 DELIVERY, STORAGE, AND HANDLING OF POLES 


A. Protect finishes of exposed surfaces by applying a strippable, temporary protective 
covering prior to shipping. 


B. Package poles for shipping according to ASTM B 660. 


C. Store poles on decay-resistant treated skids at least 12 inches above grade and 
vegetation.  Support poles to prevent distortion and arrange to provide free air 
circulation. 


D. Retain factory-applied pole wrappings on poles until just before pole installation.  
Handle poles with web fabric straps. 
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3.7 FIELD TESTING 


A. Upon completion of installation, an operation test shall be conducted to show that all 
equipment operates in accordance with the requirement of this specification. 


B. All applicable tests shall be conducted in the presence of an Owner Representative 
and copies of any reports shall be provided. 


C. Luminaire will be considered defective if it does not pass tests and inspections. 


D. Prepare a written report of tests, inspections, observations, and verifications 
indicating and interpreting results. If adjustments are made to lighting system, retest 
to demonstrate compliance with standards. 


E. Reports shall indicate when and where the test was conducted and who was 
present. 


F. Upon completion of installations, luminaires requiring positioning shall be adjusted 
and aimed at final position. 


3.8 STARTUP SERVICE 


A. Burn-in all lamps that require specific aging period to operate properly, prior to 
occupancy by Owner. Burn-in fluorescent and compact fluorescent lamps intended 
to be dimmed, for at least 100 hours at full voltage. 


3.9 CLEANING AND REPAIR 


A. Inspect each installed luminaire for damage. Replace damaged luminaires and 
components. 


B. After complete lighting installation and before project completion, all damaged or 
faulty lenses or louvers in luminaires shall be replaced by the Electrical Contractor, 
at no additional cost to the Owner. 


C. All anodized or highly visual or optically sensitive reflectors shall be cleaned of all 
fingerprints and smudges for a clean installation per manufacturer’s 
recommendations. 


D. All luminaires with paint scratches, dents or deformations due to installation or 
shipping shall be repaired, touched up or replaced as required or deemed necessary 
by the Electrical Engineer at no additional cost to the Owner. 


E. Upon final installation of individual luminaires, dirt and debris shall be removed from 
luminaire enclosures. 


3.10 ADJUSTING 


A. Occupancy Adjustments: When requested within 12 months of date of Substantial 
Completion, provide on-site assistance in adjusting the direction of aim of luminaires 
to suit occupied conditions. Make up to two visits to Project during other-than-normal 
hours for this purpose. Some of this work may be required during hours of darkness. 
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1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires 
that are defective. 


2. Parts and supplies shall be manufacturer's authorized replacement parts 
and supplies. 


3. Adjust the aim of luminaires in the presence of the Architect. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SCOPE

		A. Provide labor, materials, tools, and equipment necessary for and incidental to performing all operations in connection with furnishing, delivery and installation of the equipment of this section, as shown on the drawings and specified herein.

		B. Furnish and install complete lighting systems, wired, assembled and operable, except where specifically noted otherwise, which includes but not limited to the following:

		1. Luminaires

		2. Lamps and ballasts

		3. Mounting hardware

		4. Accessories as noted

		5. Poles

		6. Pole bases

		7. Anchor bolts and templates

		8. Spare lamps



		C. The materials and equipment herein specified shall be of new and domestic manufacturer and furnished in accordance with the applicable standards.

		D. Specifications and scale drawings are intended to convey the salient features, function and character of the fixtures only, and do not undertake to illustrate or set forth every item or detail necessary of the work.



		1.3 SUMMARY

		A. Section Includes:

		1. Exterior fluorescent luminaires, lamps, and ballasts.

		2. Exterior HID luminaires, lamps, and ballasts.

		3. Exterior solid-state luminaires that are designed for and exclusively use LED lamp technology.

		4. Luminaire supports.

		5. Poles and accessories for support of luminaires



		B. Related Requirements:

		1. Section 260923 "Lighting Control Devices" for automatic control of lighting, including time switches, photoelectric relays, occupancy sensors, and multipole lighting relays and contactors.

		2. Section 260936.19 "Standalone Multipreset Modular Dimming Controls" for architectural dimming systems and for fluorescent dimming controls with dimming.

		3. Section 260943.23 "Relay-Based Lighting Controls" for manual or programmable control systems with low-voltage control wiring or data communication circuits.





		1.4 DEFINITIONS

		A. CCT: Correlated color temperature.

		B. CRI: Color rendering index.

		C. EPA: Equivalent projected area.

		D. Fixture: See "Luminaire."

		E. HID: High-intensity discharge.

		F. Lumen: Measured output of lamp and luminaire, or both.

		G. Luminaire: Complete lighting unit, including lamp, reflector, and housing.

		H. Pole: Luminaire support structure, including tower used for large-area illumination.

		I. Standard: See "Pole."



		1.5 SUBMITTALS

		A. Shop drawings for all fixtures shall be submitted and approved before fabrication.  Any material produced prior to the approval of shop drawings or samples, and not in conformance with the Contract Documents, shall be disapproved with the contractor bearing full responsibility and cost.  Submit shop drawings per Section 260500 for review, include the following:

		1. Luminaires

		2. Lamps

		3. Ballasts

		4. Photometric reports

		5. Point-by-point calculations specific to the project.

		6. Means of attaching luminaires to supports and indication that the attachment is suitable for components involved.



		B. Submit shop drawings indexed, and in accordance with luminaire identification per drawings. Each item shall be tabbed, clearly identifying the catalog ordering numbers including all optional equipment specified.

		C. Luminaire shop drawings shall include the following:

		1. Manufacturers report of current and original source.  Photocopy of partial data sheet or drawings is not acceptable.  Report shall include the following:

		a. Ballast type, manufacturer and performance characteristics

		b. Lamp type, manufacturer and performance characteristics

		c. Finish

		d. Reflector system and characteristics

		e. Diffuser type and characteristics

		f. Weight and dimensions

		g. EPA rating

		h. Standard manufacturer options

		i. Luminaire series and model number

		j. Luminaire efficiency

		k. Candlepower data table

		l. Zonal lumens table

		m. IES luminaire classification

		n. Maintenance and operating instructions including tools required, types of cleaners to be used and suggested replacement parts list.



		2. Photometric data assembled in a standard IES photometric test report.



		D. Lamp shop drawings shall include type, dimensions, manufacturer and operating characteristics, including but not limited to:

		1. Operating voltage range

		2. Color Rendering Index (CRI) value per IES standards

		3. Color temperature (in Kelvin)

		4. Mounting position

		5. Starting temperature, indoor and outdoor

		6. Starting/restrike time

		7. Lamp life

		8. Lamp efficiency

		9. Warranty

		10. Lamp base

		11. Lumen rating



		E. Ballast shop drawings shall include type, dimensions, manufacturer and operating characteristic including but not limited to:

		1. Ballast operating temperature voltage

		2. Total harmonic distortion

		3. Ballast starting/restrike time

		4. Ballast efficiency factor (BEF)

		5. Ballast transformation type (i.e.: autotransformer, preheat, instant-start, rapid start, constant wattage, reactor, trigger-start)

		6. UL classification (i.e.: Class "P")

		7. Power factor

		8. Sound rating (fluorescent only)

		9. NEMA rating



		F. Product Data: For each pole, accessory, and luminaire-support, arranged as indicated.

		1. Include data on construction details, profiles, EPA, cable entrances, materials, dimensions, weight, rated design load, and ultimate strength of individual components.

		2. Include finishes for lighting poles and luminaire-supporting devices.

		3. Anchor bolts.



		G. Shop Drawings: For each pole, accessory, and luminaire-support, arranged as indicated.

		1. Include plans, elevations, sections, and mounting and attachment details.

		2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.

		3. Detail fabrication and assembly of poles and pole accessories.

		4. Foundation construction details, including material descriptions, dimensions, anchor bolts, support devices, and calculations, signed and sealed by a professional engineer licensed in the state of installation.

		5. Anchor bolt templates keyed to specific poles and certified by manufacturer.



		H. If requested by the Engineer, samples shall be submitted for final selection.  Samples shall comply with the following:

		1. Paint chips:

		a. Samples shall be provided and approved prior to any release to manufacture.

		b. Samples shall be minimum of 3"x3" and be of exact finishes.

		c. Samples shall be exact representatives of the luminaires:

		1) Priming process

		2) Painting process

		3) Baking process

		4) Finish process

		5) Luminaire material (i.e. sheet metal, aluminum, wood, etc)



		d. Samples shall be labeled with manufacturers color call-out, as well as the paint manufacturers’ call-out.



		2. Fixtures:

		a. Submit for approval samples called for to the Engineer when and where directed, the components marked with the name of the project, and fixture type, and part number.  Fixture shall be provided with a 6' cord and plug, and specified lamp.  Allow two weeks from the date of receipt for thorough examination and review by the Engineer.

		b. Fixtures under the contract shall be identical with the approved sample fixture.  No fixture used as a sample shall be allowed to be installed on the project.

		c. In the event the submissions are disapproved, the fixtures shall be returned to the contractor to immediately make a new submission of fixture or fixtures meeting the contract requirements.

		d. All charges for these shipments are to be prepaid by the contractor.

		e. Samples shall be provided and approved prior to any release to manufacture.





		I. LEED Submittals:

		1. Product Data for Credit MR 4: For products having recycled content, documentation indicating percentages by weight of postconsumer and preconsumer recycled content. Include statement indicating cost for each product having recycled content.

		2. Product Certificates for Credit MR 5: For products and materials required to comply with requirements for regional materials, certificates indicating location of material manufacturer and point of extraction, harvest, or recovery for each raw material. Include statement indicating distance to Project, cost for each regional material, and fraction by weight that is considered regional.



		J. Delegated-Design Submittal: For luminaire supports.

		1. Include design calculations for luminaire supports and seismic restraints.



		K. Seismic Qualification Certificates: For luminaires, accessories, and components, from manufacturer.

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.



		L. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

		M. Pole and Support Component Certificates: Signed by manufacturers of poles, certifying that products are designed for indicated load requirements according to AASHTO LTS-6-M and that load imposed by luminaire and attachments has been included in design. The certification shall be based on design calculations signed and sealed by a professional engineer.

		N. Operation and Maintenance Data: For luminaires, photoelectric relay, and poles to include in operation and maintenance manuals.

		O. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

		1. Lamps:  Ten for every 100 of each type and rating installed. Furnish at least one of each type.

		2. Glass, Acrylic, and Plastic Lenses, Covers, and Other Optical Parts:  One for every 100 of each type and rating installed. Furnish at least one of each type.

		3. Diffusers and Lenses:  One for every 100of each type and rating installed. Furnish at least one of each type.

		4. Globes and Guards:  One for every 20of each type and rating installed. Furnish at least one of each type.

		5. Ballasts:  One for every 100 of each type and rating installed. Furnish at least one of each type.

		6. Pole repair materials.





		1.6 FACTORY TESTING

		A. Luminaire testing shall be conducted by an approved independent testing laboratory.

		B. Luminaire tests shall be reported in accordance with Illuminating Engineering Society (IES) Standard Photometric Test Report.

		C. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturers' laboratory accredited under the NVLAP for Energy Efficient Lighting Products.



		1.7 QUALITY ASSURANCE

		A. Each LED luminaire type shall be binned within a three-step MacAdam Ellipse to ensure color consistency among luminaires.

		B. Mockups: For exterior luminaires, complete with power and control connections.

		1. Obtain Architect's approval of luminaires in mockups before starting installations.

		2. Maintain mockups during construction in an undisturbed condition as a standard for judging the completed Work.

		3. Approval of mockups does not constitute approval of deviations from the Contract Documents contained in mockups unless Architect specifically approves such deviations in writing.

		4. Subject to compliance with requirements, approved mockups may become part of the completed Work if undisturbed at time of Substantial Completion.





		1.8 WARRANTY

		A. Contractor shall warranty equipment and installation free from defects in material and workmanship for a period of no less than (1) year from the date of project acceptance.  This includes the fixture, its finishes and components (see ballasts below).

		B. Fluorescent ballasts shall be warranted against defects in material and workmanship for a period of no less than (5) years for electronic ballasts, from the date of project acceptance regardless of the date of manufacture.

		C. HID ballasts shall be warranted against defects in material and workmanship for a period of no less than (2) years from the date of project acceptance regardless of the date of manufacture.

		D. Provide manufacturer’s warranty covering 5 years on drivers from date of purchase.

		1. LED dimming driver.

		2. 3-Wire (Line Voltage Controlled) Dimming Drivers

		3. Digital (Low Voltage Controlled) Dimming Drivers

		4. Forward Phase Control (neutral wire required) (Line Voltage Controlled) Dimming Drivers



		E. Special Warranty: Manufacturer agrees to repair or replace components of pole(s) that fail in materials or workmanship; that corrode; or that fade, stain, perforate, erode, or chalk due to effects of weather or solar radiation within a specified warranty period. Manufacturer may exclude lightning damage, hail damage, vandalism, abuse, or unauthorized repairs from special warranty period.

		1. Warranty Period:  Five years from date of Substantial Completion.

		2. Warranty Period for Corrosion Resistance:  Five years from date of Substantial Completion.

		3. Warranty Period for Color Retention:  Five years from date of Substantial Completion.





		1.9 FIELD CONDITIONS

		A. Verify existing and proposed utility structures prior to the start of work associated with luminaire installation.

		B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire installation.





		PART 2 - PRODUCTS

		2.1 GENERAL

		A. Luminaires shall bear the appropriate UL label for location, mounting position and operating conditions in which it is installed.

		B. Seismic Performance: Luminaires, foundation, and pole shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.

		1. The term "withstand" means "the luminaire will remain in place without separation of any parts when subjected to the seismic forces specified."

		2. Component Importance Factor:  1.25.



		C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		D. NRTL Compliance: Luminaires shall comply with UL 1598 and be listed and labeled for indicated class and division of hazard by an NRTL.

		E. Lamp base complying with ANSI C81.61.

		F. Bulb shape complying with ANSI C79.1.

		G. Lateral Light Distribution Patterns: Comply with IES RP-8 for parameters of lateral light distribution patterns indicated for luminaires

		H. Lamp Rating: Lamp marked for outdoor use and in enclosed locations.

		I. Luminaires, ballasts and lamps shall each be of the same manufacturer and of identical finish, appearance, and performance. Luminaires which are pre-lamped before shipment shall have identical lamp manufacturer. Mix and match of different lamp manufacturer shall not be acceptable.

		J. Recessed ceiling mounted luminaires shall be provided with appropriate frame and trim type compatible with ceiling construction.  Reference architectural plans for ceiling construction type and specifications.

		K. Luminaires and devices shall be free of burrs, scratches, marks, and dents which may occur during transportation, storage or installation.  Construction shall be finished to eliminate sharp edges exposed to installer and end-user.

		L. Sheet metal construction of luminaires shall be of sufficient rigidity to prevent deformation during installation and typical use.

		M. Cast parts and sections of a luminaire shall be smooth, free of blemishes, rust and scale and be irradiated, sandblasted and anodized.

		N. All burned out lamps and ballasts shall be replaced by the end of contract prior to Architect, Owner Representative and Engineer final punchlist.

		O. Color shall be as indicated on plans.

		P. Enamel paint shall be baked on at a minimum 300 degrees F and have 86% reflectivity for a surface, which is to be reflective.

		Q. Housings: Rigidly formed, weather and light tight enclosures that will not warp, sag, or deform in use.

		R. Doors, Frames, and Other Internal Access: Smooth operating, free from light leakage under operating conditions, and arranged to permit relamping without use of tools.  Arrange doors, frames, lenses, diffusers, and other pieces to prevent accidental falling during relamping and when secured in operating position.  Provide for door removal for cleaning or replacing lens.  Arrange to disconnect ballast when door opens.

		S. Plastic Parts: High resistance to yellowing and other changes due to aging, exposure to heat, and ultraviolet radiation.

		T. Lenses and Refractors: Materials as indicated.  Use heat and aging-resistant, resilient gaskets to seal and cushion lens and refractor in luminaire doors.



		2.2 LAMPS

		A. Fluorescent lamps

		1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color temperature shall be 4100 Kelvin (K).

		2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.



		B. HID lamps

		1. Metal halide lamps shall be phosphor coated and universal burning position type unless otherwise noted.  Metal halide lamps shall incorporate a quartz shroud around arc tube to prevent outer jacket rupture in the event of a non-passive arc tube failure.

		2. Metal halide lamps shall be of the type with a lifetime color stability within +/- 200K.  If not available for the type and wattage specified, metal halide lamps with the best color uniformity as per current industry standards shall be used.

		3. Metal-Halide Lamps: ANSI C78.43, with CRI 65 and CCT 4000 K, minimum.

		4. Pulse-Start Metal-Halide Lamps: CRI 65 and CCT 4000 K, minimum.

		5. Ceramic Pulse-Start Metal-Halide Lamps: CRI 80 and CCT 4000 K, minimum.

		6. High Pressure Sodium lamps shall be diffuse coated and universal burning position type unless otherwise noted.

		7. High-Pressure Sodium Lamps: ANSI C78.42, with CRI 21, CCT 1900 K, and average rated life of 24,000 hours, minimum.

		a. Dual-Arc Tube Lamps: Arranged so only one of two arc tubes is lighted at one time and, when power is restored after an outage, the cooler arc tube, with lower internal pressure, lights instantly, providing an immediate 8 to 15 percent of normal light output.





		C. Compact Fluorescent

		1. Unless specified on plans or in Lighting Fixture Schedule, the lamp color temperature shall be 4100 Kelvin (K).

		2. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.

		3. Lamp base and fixture socket shall match pin configuration.



		D. LED – Light Emitting Diode

		1. LED diodes shall be of the type with lifetime color stability within +/- 200K.

		2. Diodes, modules, boards, etc. shall conform to IESNA LM70 and LM80 testing and binning standards.

		3. LED lifespan, per IESNA LM80, shall be a minimum of 50,000 hours.

		4. Unless specified on plans or in lighting fixture schedule, the LED color temperature shall be 4100 Kelvin  

		5. Unless otherwise noted, lamps shall have a CRI (color rendering index) of 82 or greater.

		6. Diodes, modules, and boards shall be replaceable in the field without replacement of housing or fixture.

		7. Fixtures utilizing LED sources shall be UL listed and tested for proper heat dissipation.

		8. Maximum inrush current of 2 amperes for 120V and 277V LED drivers.

		9. Constant current drivers must provide models to:

		a. Support from 200mA to 2.1Amps (in 10mA steps) to ensure a compatible driver exists.

		b. Support LED arrays up to 40W or 50W (710mA to 1.05A in 10mA steps)



		10. Constant voltage drivers must provide models to:

		a. Support from 10V to 40V (in 0.5V steps) to ensure a compatible driver exists.

		b. Support LED arrays up to 40W



		11. LED drivers shall be integral to fixture.

		12. LED drivers shall be dimmable from 100 percent to 0 percent of maximum light output.



		E. Acceptable manufacturers

		1. Fluorescent Lamps: Osram/Sylvania, 800 XP series

		2. Low Pressure Sodium Lamps: Osram/Sylvania or Philips

		3. Metal Halide Lamps: Osram/Sylvania, GE or Philips

		4. High Pressure Sodium Lamps: Osram/Sylvania, GE or Philips

		5. LED drivers:  Philips



		F. All lamps shall be burned once installed in the fixtures for 100 hours, prior to switching.



		2.3 BALLASTS

		A. General

		1. Ballasts shall be UL listed when installed in luminaire.

		2. Ballasts shall be grounded appropriately as governed by CEC Article 410.36(V).

		3. Ballasts shall be located within the luminaire for which it is operating unless specifically indicated on plans as remote ballast type.

		4. Ballasts shall contain no PCB's in any indoor or outdoor installation unless otherwise noted.

		5. Ballasts shall be rated weatherproof type where there is moisture present.

		6. A permanent waterproof seal shall be factory provided where the wiring enters the ballast compartment of an outdoor luminaire installation.



		B. Solid State Ballasts (Electronic)

		1. Electronic ballasts shall meet or exceed ANSI, IEEE, and FCC standards for lamp starting and operation, electro-magnetic interference, radio frequency interference suppression and line transient protection.

		2. Electronic ballasts shall not interfere with other electrical equipment normal operation.

		3. Electronic ballasts shall operate at a frequency of 20 to 35 kHz with no detectable flicker and be high power factor (97% or higher).

		4. Electronic ballasts that operate more than one lamp shall be able to maintain full output of the companion lamp(s) after failure of any combination of lamp(s).

		5. Electronic ballasts shall not be affected by lamp failure nor hinder the normal life of operating lamp.

		6. Electronic ballast normal case operating temperature shall not exceed 70 degree C.

		7. Rapid-start electronic ballasts shall provide soft/stable start of rapid-start lamps and maintain full cathode heat during operation.

		8. Electronic ballasts shall be marked with manufacturer's name, part number, supply voltage, power factor, open circuit voltage, current draw for each lamp type and bear all applicable UL listings on housing.

		9. Exterior ballast shall be rated for cold weather conditions.

		10. Designed for type and quantity of lamps served.

		11. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level control is indicated.

		12. Sound Rating:  Class A.

		13. THD Rating: Less than 10 percent.

		14. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, Category A or better.

		15. Lamp Current Crest Factor:  1.7 or less.

		16. BF:  0.88 or higher.

		17. Power Factor:  0.95 or higher.

		18. Electronic Programmed-Start Ballasts for T8, T5, and T5HO Lamps: Comply with ANSI C82.11 and the following:

		a. Lamp end-of-life detection and shutdown circuit for T5 diameter lamps.

		b. Automatic lamp starting after lamp replacement.



		19. Ballasts for Bi-Level Controlled Luminaires: Electronic type.

		a. Operating Modes: Ballast circuit and leads provide for remote control of the light output of the associated lamp between high- and low-level operation and off.

		1) High-Level Operation: 100 percent of rated lamp lumens.

		2) Low-Level Operation: 30 percent of rated lamp lumens.



		b. Ballast shall provide equal current to each lamp in each operating mode.

		c. Compatibility: Certified by manufacturer for use with specific bi-level control system and lamp type indicated.





		C. Low-Pressure Sodium Ballasts

		1. Low-pressure sodium ballasts shall bear all applicable UL listings on housing.

		2. Low-pressure sodium ballasts shall be auto-leakage transformer type.



		D. HID Ballasts

		1. Electronic Ballast for Metal-Halide Lamps: Include the following features unless otherwise indicated:

		a. Minimum Starting Temperature: Minus 20 deg F for single-lamp ballasts.

		b. Rated Ambient Operating Temperature: 130 deg F.

		c. Lamp end-of-life detection and shutdown circuit.

		d. Sound Rating: Class A.

		e. Total Harmonic Distortion Rating: Less than 20 percent.

		f. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, Category A or better.

		g. Lamp Current Crest Factor: 1.5 or less.

		h. Power Factor: 0.90 or higher.

		i. Protection: Class P thermal cutout.

		j. Instant-Restrike Device: Integral with ballast or solid-state potted module, factory installed within luminaire and compatible with lamps, ballasts, and mogul sockets up to 150 W.

		k. Minimum Starting Temperature: Minus 40 deg F.



		2. High pressure sodium ballasts shall be Regulating type with voltage regulation of 10% allowable and shall meet ANSI trapezoid limitations for voltage characteristics over the life of the lamp.

		3. HID ballasts shall be fused with manufacturer recommended size and type.

		4. HID ballasts shall bear all applicable UL listings on housing.



		E. Acceptable Manufacturers

		1. Solid state ballasts (electronic):  Osram Sylvania or “Quicktronic”.

		2. Low-pressure sodium ballasts: Magnetek, Advance Transformer Co. or approved equal.

		3. Metal halide ballasts: Magnetek, Advance Transformer Co. or approved equal.

		4. High-pressure sodium ballasts: Magnetek, Advance Transformer Co. or approved equal.





		2.4 LUMINAIRES

		A. General

		1. Escutcheon plates, coverplates, and finish trim hardware shall meet flush with ceiling, floor, wall or other surfaces to which they may be mounted.

		2. Luminaire construction shall allow initial installation of recessed luminaires without the presence of finish trim, diffusers or lens.

		3. Lamp sockets and reflector assemblies shall be securely fastened to luminaire housing to prevent rotation, adjustment or rocking of hardware during lamping or future relamping.

		4. Luminaire lenses shall be securely retained in a fashion so that relamping or accessing to luminaire will not dislodge lens.

		5. Luminaires lenses and diffusers shall be free from chromatic or spherical imperfections and have thermal characteristics capable of withstanding installed lamp temperatures.

		6. Pendant type luminaires shall be mounted to provide balanced construction with the use of swivel hanger.  Swivel hanger shall be provided standard or ordered as accessory unless specified otherwise.

		7. Bracket type luminaires shall be specifically designed for type installation which is indicated.

		8. Luminaires shall be factory tested, prewired and preassembled unless otherwise specified or intended.

		9. Luminaires located in direct exposure to the weather to include rain, sleet and snow shall be marked "Suitable for Wet Locations" with UL label.  Luminaires located outdoors but not in direct exposure to rain shall be market "Suitable for Damp Locations" minimum rated.

		10. Where ceiling space is not accessible, luminaire housing shall provide access to luminaire junction box to comply with CEC section 410.24(B).

		11. Luminaires shall contain an integral ballast disconnect compliant with CEC section 410.130(G).

		12. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Labels shall be located where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.

		a. Label shall include the following lamp characteristics:

		1) "USE ONLY," including specific lamp type.

		2) Lamp diameter, shape, size, wattage, and coating.

		3) CCT and CRI for all luminaires.





		13. Variations in Finishes: Noticeable variations in same piece are unacceptable. Variations in appearance of adjoining components are acceptable if they are within the range of approved Samples and are assembled or installed to minimize contrast.

		14. Luminaires mounted less than 25’-0” shall contain integral occupancy sensors to facilitate bi-level lighting based upon the presence of pedestrians or vehicles per Title 24 requirements.



		B. Fluorescent Luminaires

		1. Recessed fluorescent luminaires shall be constructed to limit ballast housing surface temperature in luminaire to 90 degrees C with the following factors:

		a. Voltage:  277V +5%

		b. Room Ambient Temp:  25 degrees C + 5%

		c. Plenum Ambient Temp:  55 degrees C +5%

		d. Ceiling Material R Factor:  20



		2. Medium BiPin type lamp socket shall be fastened securely to housing via brackets or straps to eliminate excessive flexing or pressure during normal lamp installation.  Socket should be replaceable without removing entire housing.

		3. Medium BiPin type lamp sockets without a housing shall be secured with (2) appropriate screws or bolts to prevent misalignment.

		4. Fluorescent pin type sockets shall utilize corrosion-resistant "edge-wipe" type contacts.

		5. Steel metal fluorescent luminaire housing shall be constructed of die formed, heavy duty, cold rolled steel.  Housing shall be welded using lab seam construction and corners mitered and free of burrs, cracks, gouges, scratches.

		6. Aluminum fluorescent luminaire housing shall be extruded or die formed in sections, which will positively interconnect to provide a rigid unit when assembled.

		7. Steel metal construction of fluorescent luminaires housing shall be ribbed, section or paneled to provide internal structure.

		8. Parabolic baffle optic control for fluorescent luminaires shall be semi-specular anodized, of low iridescent and constructed of sheet aluminum.  Baffle shall be constructed to ensure rigidity and parabolic contours through interlocking cell assembly.

		9. Prismatic lenses shall be of virgin acrylic plastic pattern 12 (0.125 inches thick pre-stressed to span 48-inches) unless specified otherwise on plans.

		10. Fluorescent luminaires mounted in accessible ceiling areas shall utilize a plug together modular wiring system.  The system shall be installed with all required fittings, plugs, and cord drops for a complete and operating system.

		11. Compact fluorescent luminaire shall incorporate an End of Life (EOL) protection device.



		C. Low Pressure Sodium Luminaires

		1. Low pressure sodium luminaires shall comply with HID luminaire requirements where applicable.



		D. HID Luminaires

		1. HID luminaires shall be provided with porcelain, screw type mogul sockets UL listed for 1500W or higher at 600 volts where applicable.  

		2. High-pressure sodium luminaires shall operate ballasts and lamps with lamp in open and short circuit conditions for 6 months without significant ballast life loss.

		3. High-pressure sodium luminaires shall operate within 2% of their labeled wattage with a +/-10% variance of input rated voltage.  Power factor shall maintain minimum of 85% through life.





		2.5 LUMINAIRE SUPPORT COMPONENTS

		A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for channel and angle iron supports and nonmetallic channel and angle supports.

		B. Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy. Finish shall match luminaire.

		C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 10 gauge.

		D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.



		2.6 STEEL POLES

		A. Source Limitations: For poles, obtain each color, grade, finish, type, and variety of pole from single source with resources to provide products of consistent quality in appearance and physical properties.

		B. Poles: Comply with ASTM A 500/A 500M, Grade B carbon steel with a minimum yield of 46,000 psig; one-piece construction up to 40 feet in height with access handhole in pole wall.

		1. Mounting Provisions: Butt flange for bolted mounting on foundation or breakaway support.



		C. Grounding and Bonding Lugs: Welded 1/2-inch threaded lug, complying with requirements in Section 260526 "Grounding and Bonding for Electrical Systems," listed for attaching grounding and bonding conductors of type and size indicated, and accessible through handhole.

		D. Handhole: Oval shaped, with minimum clear opening of 2-1/2 by 5 inches, with cover secured by stainless-steel captive screws.

		E. Powder-Coat Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" recommendations for applying and designating finishes.

		1. Surface Preparation: Clean surfaces according to SSPC-SP 1 to remove dirt, oil, grease, and other contaminants that could impair powder coat bond. Grind welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if present, from uncoated steel, according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8.

		2. Powder Coat: Comply with AAMA 2604.

		a. Electrostatic-applied powder coating; single application and cured to a minimum 2.5- to 3.5-mils dry film thickness. Coat interior and exterior of pole for equal corrosion protection.

		b. Color:  As selected by Architect from manufacturer's full range.







		2.7 POLE LUMINAIRE SUPPORT COMPONENTS

		A. Description: Comply with AASHTO LTS-3 for pole or other support structures, brackets, arms, accessories, base, and anchorage and foundation.

		B. Wind-Load Strength of Total Support Assembly: Adequate to carry support assembly plus luminaires at indicated heights above grade without failure, permanent deflection, or whipping in steady winds of 110 mph with a gust factor of 1.3.  Support assembly includes pole or other support structures, brackets, arms, appurtenances, base, and anchorage and foundation.

		C. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality Requirements," to design pole foundation and pole power system;

		D. Strength Analysis: For each pole, multiply the actual EPA of luminaires and brackets by a factor of 1.1 to obtain the EPA to be used in pole selection strength analysis.

		E. Finish: Match finish of pole/support structure for arm, bracket, and tenon mount materials.

		F. Mountings, Fasteners, and Accessories: Corrosion-resistant items compatible with support components.

		1. Materials: Will not cause galvanic action at contract points.

		2. Mountings: Correctly position luminaire to provide indicated light distribution.

		3. Anchor Bolts, Nuts, and Washers: Hot-dip galvanized after fabrication unless stainless-steel items are indicated.

		4. Anchor-Bolt Template: Plywood or steel.

		5. Poles located on top of parking structures shall feature hinged bases allowing the pole to be lowered for relamping.





		2.8 LUMINAIRE TYPES

		A. See Fixture Schedule on electrical drawing.





		PART 3 - EXECUTION

		3.1 FIELD QUALITY CONTROL

		A. Any discrepancies with specified luminaire and its proposed use or environment shall be brought to the Engineer's attention as soon as possible.

		1. At project close-out, a list of damaged fixtures received by the contractor shall be provided to the Electrical Engineer for evaluation of fixture manufacturers shipping and packaging methods.





		3.2 EXAMINATION

		A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

		B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit connections before luminaire installation.

		C. Examine roughing-in for foundation and conduit to verify actual locations of installation.

		D. Examine walls, roofs, canopy ceiling, and overhang ceilings for suitable conditions where luminaires will be installed.

		E. Examine poles, luminaire-mounting devices, and pole accessories before installation. Components that are scratched, dented, marred, wet, moisture damaged, or visibly damaged are considered defective

		F. Proceed with installation only after unsatisfactory conditions have been corrected.



		3.3 TEMPORARY LIGHTING

		A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When construction is sufficiently complete, clean luminaires used for temporary lighting and install new lamps.



		3.4 INSTALLATION

		A. Comply with NECA 1.

		B. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by manufacturer.

		C. Luminaires shall be installed complete with all accessories, glassware, canopies, sockets, reflectors, optics, wiring devices and supplied with new lamps of the type and wattage indicated on plans or in this specification unless specifically noted otherwise.

		D. Concrete Foundations: Construct according to details and drawings.

		1. Comply with details for reinforcement and for anchor bolts, nuts, and washers.  Verify anchor-bolt templates by comparing with actual pole bases furnished.



		E. Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base flange. Structural steel complying with ASTM A 36/A 36M and hot-dip galvanized according to ASTM A 123/A 123 M; and with top-plate and mounting bolts to match pole-base flange and strength required to support pole, luminaire, and accessories. Concrete, reinforcement, and formwork are specified in Section 033000 "Cast-in-Place Concrete.

		1. Anchor Bolts: Install plumb using manufacturer-supplied template, uniformly spaced.



		F. Install poles as follows:

		1. Use web fabric slings (not chain or cable) to raise and set poles.

		2. Alignment:  Align pole foundations and poles for optimum directional alignment of luminaires and their mounting provisions on pole.

		3. Clearances: Maintain the following minimum horizontal distances of poles from surface and underground features unless otherwise indicated on drawing.

		a. Fire Hydrants and Water Piping:  60 inches.

		b. Water, Gas, Electric, Communications, and Sewer Lines:  10 feet.

		c. Trees: 15 feet from tree trunk.



		4. Mount pole to foundation with leveling nuts, and tighten top nuts to torque level recommended by pole manufacturer.

		5. Foundation-Mounted Poles: Mount pole with leveling nuts and tighten top nuts to torque level according to pole manufacturer's written instructions.

		a. Use anchor bolts and nuts selected to resist seismic forces defined for the application and approved by manufacturer.

		b. Grout void between pole base and foundation. Use nonshrink or expanding concrete grout firmly packed to fill space.

		c. Install base covers unless otherwise indicated.

		d. Use a short piece of 1/2 -inch diameter pipe to make a drain hole through grout. Arrange to drain condensation from interior of pole.



		6. Poles and Pole Foundations Set in Concrete-Paved Areas: Install poles with a minimum 6-inch- wide, unpaved gap between the pole or pole foundation and the edge of the adjacent concrete slab. Fill unpaved ring with pea gravel. Insert material to a level 1 inch below top of concrete slab.

		7. Secure poles level, plum, and square.

		8. Grout void between pole base and foundation.  Use non-shrinking or expanding concrete grout firmly packed in entire void space.



		G. All luminaires (where applicable) shall be supported in accordance with ASTM E-580 recommended guidelines for seismic restraint, as well as the latest version of the Uniform Building Code related to lateral and vertical bracing, including but not limited to:

		1. Recessed luminaires shall have a minimum of two (2) #12 gauge wires attached to structure above, independent of ceiling support system.

		2. All lighting fixtures shall be positively attached to the suspended ceiling system. The attachment device shall have a capacity of 100 percent of the lighting fixture weight acting in any direction.

		3. Pendant-hung lighting fixtures shall be supported directly from the structure above with #9 gauge wire or approved alternate support without using the ceiling suspension system for direct support.



		H. Mount luminaires in mechanical yards, areas and rooms to clear any mechanical equipment, conduit and clearances.  Coordinate mounting with mechanical plans.

		I. Install luminaires level, plumb, and square with finished grade unless otherwise indicated.

		J. Coordinate layout and installation of luminaires with other construction.

		K. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric device to prevent false operation of relay by artificial light sources, favoring a north orientation.

		L. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" and 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and wiring methods.

		1. In concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping plastic tape applied with a 50 percent overlap.



		M. Bollard Luminare installation:

		1. Align units for optimum directional alignment of light distribution.

		2. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. Cast conduit into base, and shape base to match shape of bollard base. Finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in Section 033000 "Cast-in-Place Concrete."



		N. Individual Ground-Mounted Luminaire installation:

		1. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, installation, and finishing are specified in Section 033000 "Cast-in-Place Concrete."



		O. Junction box and ballast compartment shall be accessible from below when housing is installed in final position.  Wiring shall be secured from damage when accessed for relamping.

		P. Fire rated gypsum board enclosures shall be constructed around all recessed luminaires that penetrate fire rated areas.

		Q. Actual locations of luminaires and dimensions shall be referenced to architectural drawings.  Electrical plans shall not be used to scale for construction purposes.  Any discrepancies shall be brought to the engineer's attention prior to installation.

		R. Provide additional junction boxes as required where conductor exceeds factory provided junction box limitations.

		S. Installation shall be appropriately coordinated with all disciplines to insure proper ventilation and heat dissipation as required per manufacturer.

		T. Where luminaires are served from two sources, a barrier shall be provided to separate emergency source from normal source with notation indicating separate sources.

		U. All wall mounted fixtures shall be mounted to a supporting wall bracing material in addition to the junction box.  The bracing shall be installed behind the finished wall surface and be secured to structural elements in the wall.  The bracing shall be capable of supporting the weight of the fixture and comply with manufacturer’s requirements and recommendations.

		V. Pendant luminaires shall be mounted in a uniform mounting height and in straight continuous rows.  Final coordination with mechanical equipment and plumbing fixtures shall be made in the field to ensure consistent spacing and locations.

		W. Luminaire Attachment: Fasten to indicated structural supports.

		X. Luminaire Attachment with Adjustable Features or Aiming: Attach luminaires and supports to allow aiming for indicated light distribution.

		Y. Lamp luminaires with indicated lamps according to manufacturer’s written instructions.  Replace malfunctioning lamps.

		Z. All exterior wall mounted fixtures shall be sealed watertight between the fixture housing or the canopy and the wall (or structure).  Clear silicone caulking (or matching color), shall be used.

		AA. Identify system components, wiring, cabling, and terminals. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."



		3.5 CONNECTIONS

		A. Ground equipment.

		1. Tighten electrical connectors and terminals according to manufacturer’s published torque-tightening values.

		2. Ground Metal Poles and Support Structures: Comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems."





		3.6 DELIVERY, STORAGE, AND HANDLING OF POLES

		A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior to shipping.

		B. Package poles for shipping according to ASTM B 660.

		C. Store poles on decay-resistant treated skids at least 12 inches above grade and vegetation.  Support poles to prevent distortion and arrange to provide free air circulation.

		D. Retain factory-applied pole wrappings on poles until just before pole installation.  Handle poles with web fabric straps.



		3.7 FIELD TESTING

		A. Upon completion of installation, an operation test shall be conducted to show that all equipment operates in accordance with the requirement of this specification.

		B. All applicable tests shall be conducted in the presence of an Owner Representative and copies of any reports shall be provided.

		C. Luminaire will be considered defective if it does not pass tests and inspections.

		D. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance with standards.

		E. Reports shall indicate when and where the test was conducted and who was present.

		F. Upon completion of installations, luminaires requiring positioning shall be adjusted and aimed at final position.



		3.8 STARTUP SERVICE

		A. Burn-in all lamps that require specific aging period to operate properly, prior to occupancy by Owner. Burn-in fluorescent and compact fluorescent lamps intended to be dimmed, for at least 100 hours at full voltage.



		3.9 CLEANING AND REPAIR

		A. Inspect each installed luminaire for damage. Replace damaged luminaires and components.

		B. After complete lighting installation and before project completion, all damaged or faulty lenses or louvers in luminaires shall be replaced by the Electrical Contractor, at no additional cost to the Owner.

		C. All anodized or highly visual or optically sensitive reflectors shall be cleaned of all fingerprints and smudges for a clean installation per manufacturer’s recommendations.

		D. All luminaires with paint scratches, dents or deformations due to installation or shipping shall be repaired, touched up or replaced as required or deemed necessary by the Electrical Engineer at no additional cost to the Owner.

		E. Upon final installation of individual luminaires, dirt and debris shall be removed from luminaire enclosures.



		3.10 ADJUSTING

		A. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting the direction of aim of luminaires to suit occupied conditions. Make up to two visits to Project during other-than-normal hours for this purpose. Some of this work may be required during hours of darkness.

		1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that are defective.

		2. Parts and supplies shall be manufacturer's authorized replacement parts and supplies.

		3. Adjust the aim of luminaires in the presence of the Architect.
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PART 1 - GENERAL 


1.1 GENERAL    


A. Prior to submitting a proposal, the Design-Build Project Proposers must carefully 
examine these instructions contained herein and satisfy themselves as to the 
conditions with which they (each Project Proposer) must comply and the conditions 
affecting award of the Proposal Agreement. These instructions form part of the 
Contract Documents and will have the same force as any other Contract Document. 


B. Design-Build Project Proposers must be aware of the requirements of codes 
referenced in the instructions and in the Contract Documents.  Project Proposers 
may access codes and laws through publications or through the internet 


C. Proposals must be addressed as directed in the Division 1 for Invitation to Submit 
Proposal. 


1.2 DESIGN-BUILD SCOPE 


A. As a minimum the engineering design shall include, but not be limited to, the 
following documentation: 
1. Electrical. 


a. Load calculations. 
b. Utility coordination and coordinated site plans. 
c. Site lighting with photometrics. 
d. One-line diagram. 
e. Electrical and lighting floor plans. 
f. Coordination study with breaker settings. 
g. Fault analysis. 
h. Lighting control schematic. 
i. Panel schedules. 
j. Details. 


1.3 REFERENCES 


A. The publications listed below form a minimum part of this specification to the extent 
referenced. The current editions of the publications are referred to in the text by the 
basic designation only. 
1. ASTM A 880 - Criteria for Use in Evaluation of Testing Laboratories and 


Organizations for Examination and Inspection of Steel, Stainless Steel, and 
Related Alloys 


2. ASTM C 1077 Laboratories Testing Concrete and Concrete Aggregates for 
Use In Construction and Criteria for Laboratory Evaluation 


3. ASTM D 3666 (Rev. A) - Evaluating and Qualifying Agencies Testing and 
Inspecting Bituminous Paving Materials 


4. ASTM D 3740 - Evaluation of Agencies Engaged in the Testing and/or 
Inspection of Soil and Rock as Used in Engineering Design and 
Construction 


5. ASTM E 329 - Evaluation of Testing and Inspection Agencies as Used in 
Construction 


6. ASTM E 543 (Rev. A) - Determining the Qualification of Non-Destructive 
Testing Agencies 
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7. ASHRAE – American Society of Heating, Refrigeration, and Air Conditioning 
Engineers 


8. AWS – American Welding Society 
9. SMACNA – Sheet Metal and Air Conditioning Design Builders National 


association 
10. ACI – American Concrete Institute 
11. AABC – American Air Balance Council 
12. IESNA – Illuminating Engineering Society of North America 
13. NETA – International Electrical Test and Acceptance Association 
14. IEEE – Institute of Electrical and Electronic Engineers 
15. All other standards as referenced throughout this set of specification 


1.4 REGULATORY REQUIREMENTS 


A. General: 
1. All applicable Federal, State and local requirements will govern the 


construction and completion of the Work; all must be current enforced 
editions. 


B. Copies of Regulations: 
1. Copies of the applicable regulations and codes, Federal and State to be 


retained at site to be available for reference by parties who have a 
reasonable need. 


C. Enforcement: 
1. References in the Agreement Documents to "code" or to "building code" not 


otherwise identified will mean the foregoing specified codes, together with 
the additions, changes, amendments and interpretations adopted by the 
enforcing agency, and in effect on the date the Agreement is executed. 


2. Nothing on the Agreement Documents will be interpreted as requiring or 
permitting work that is contrary to these rules, regulations and codes. 


3. Where other codes or standards are referenced in the Agreement 
Documents, the affected work must meet or exceed the applicable 
requirements of such codes and standards. 


4. The code, specification or standard referred to will have full force and effect 
as though printed in the Agreement Documents, except as modified. 


5. Where the Agreement Documents call for or describe materials, work quality 
or construction of a better quality, higher standard or larger size than is 
required by said laws, codes, rules and regulations, the provisions of the 
Agreement Documents will take precedence over said laws, codes, rules 
and regulations. 


D. Other Applicable Laws and Regulations: 
1. Applicable Federal and State laws, and the rules and regulations of 


governing utility districts and the various other authorities having jurisdiction 
over the construction and completion, including the latest rules and 
regulations of the State Labor Code, will apply to the Agreement throughout, 
and they will be deemed to be included in the Agreement the same as 
though printed in the Agreement Documents. 


2. If laws, ordinances, rules, regulations or orders of public agency having 
jurisdiction require work to be inspected, tested or approved by some 
authority other than the Owner or Design-Builder, the Design-Builder must 
give required notices and make arrangements, deliver to the Owner’s 
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Representative the certificates of inspection, test, or approval of such public 
agency, and pay costs therefore unless otherwise provided in the 
Agreement Documents. 


1.5 CONFLICTING REQUIREMENTS 


A. General: 
1. If compliance with two or more standards is specified and the standards 


establish different or conflicting requirements for minimum quantities or 
quality levels, comply with the most stringent requirement.  Refer 
uncertainties and requirements that are different, but apparently equal, to 
Owner’s Representative for a decision before proceeding. 


B. Minimum Quantity or Quality Levels: 
1. The quantity or quality level shown or specified must be the minimum 


provided or performed.  The actual installation may comply exactly with the 
minimum quantity or quality specified, or it may exceed the minimum within 
reasonable limits.  To comply with these requirements, indicated numeric 
values are minimum or maximum, as appropriate, for the context of 
requirements.  Refer uncertainties to Owner’s Representative for a decision 
before proceeding. 


1.6 COMPETENCE OF PROPOSERS 


A. License: No Project Proposer may propose on work of a kind for which Project 
Proposer is not properly licensed, and any such proposal received will be rejected.  
The Proposal must contain the Design-Build Entity’s Contractor’s license number, 
date of expiration, and signature to a statement that representations of the Proposal 
with respect to Project Proposer’s license are made under penalty of perjury.  
1. If Project Proposer is a joint venture, each individual member within the joint 


venture submitting the Proposal will be subject to the above requirements 
with respect to Contractor’s individual licensure.  Additionally, the joint 
venture must have a valid license as a “Joint Venture” in the State where the 
project is located. 


B. Design Consultant/Sub-Consultant Licenses: No Project Proposer may propose on 
work of a kind for which Project Proposer is not properly licensed by the appropriate 
License Boards, and any such Proposal received will be rejected.  Proposals must 
contain registration numbers, dates of expiration, and signatures to a statement that 
representations of the proposal with respect to the professional and business 
licenses are made under penalty of perjury. 


1.7 EXAMINATION OF PROPOSAL DOCUMENTS AND PROJECT SITE  


A. Project Proposers Responsibility: Project Proposer must carefully examine the site 
of the Work and the Request for Proposal package.  By submitting a Proposal, 
Project Proposer acknowledges that Project Proposer understands the character, 
quality and quantity of site conditions or obstacles to be encountered insofar as this 
information is reasonably ascertainable from an inspection of the site, including all 
exploratory work done by the General Contractor, as well as from information 
presented in the Request for Proposal and information available to the Project 
Proposer.  
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B. Site Investigations: Project Proposers must perform their own site investigations at 
their own expense.  Damage to existing utilities must be repaired at the Project 
Proposer’s expense.  To avoid conflict with the work of other Project Proposers, as 
well as other contractors, arrangements for site investigations must be made 
through the Owner’s Representative. 


C. Responsibility for Utilities: Project Proposer will be responsible at its sole cost for 
any and all work, expense or special precautions caused or required by existing or 
proximity of existing utilities shown or indicated on or in the RFP documents and 
encountered in performing the Work, including, and without limitation thereon, repair 
of damage and performing hand or exploratory excavation required.  Project 
Proposer is cautioned that such utilities may include communication cables or 
electrical cables (which may be high voltage), and ducts enclosing such cables, and 
when working or excavating in the vicinity thereof, special precautions to be 
observed at Project Proposers cost.  All such cables and their enclosure ducts will 
be exposed by careful hand excavation so as not to damage ducts or cables, nor 
cause injury to persons.  Suitable warning signs, barricades and safety devices must 
be erected, as necessary or required. 


D. Failure by Project Proposer to acquaint itself with available information will not 
relieve Project Proposer from responsibility for properly estimating the difficulty or 
cost of successfully performing the Work. 


1.8 PROPOSAL QUESTIONS 


A. RFI’s and Responses: Project Proposers are encouraged to submit questions.  
Questions must be submitted in writing, by email (preferred), delivery service, or 
mail to Owner’s Representative. 
1. Written questions may be submitted at any time, but must be submitted no 


later than seven (7) calendar days at 4:00 PM prior to bid closing date.  The 
Project Proposer must provide a minimum of three (3) business days for 
response by the Owner’s Representative.  No responses will be accepted 
within 72 hours of the bid closing date and time. 


2. To expedite responses, Project Proposers are requested to provide their 
questions via email, with questions detailed in an Excel spreadsheet with 
the following headings: Date, Subject, Specification Section/Paragraph or 
Drawing Sheet Number, Question (formatted sizes of cells unimportant – 
please make them legible). 


B. Proposal Interviews: The Owner’s Representative will conduct Proposal Interviews 
to confirm information provided in Project Proposals submitted by the Project 
Proposers.  This may also be another opportunity for Owner’s Representative to 
request additional clarification. 


 


1.9 SUBMITTAL PROCEDURES  


A. General: 
1. Submittals may be forwarded entirely via electronic means. 
2. Partial submittals are not acceptable, and will be considered non-


responsive, and will be returned without review. 
3. Submittals not required by the Agreement Documents may not be reviewed 


and may be discarded. 
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4. The specific content and format requirements for the standard submittals 
are detailed herein and in the individual Specification Sections.  The 
electronic form will be compiled in the most current form of Adobe Acrobat, 
Release 9.0 or better, or Bluebeam Revu, Release 10.0 or better.  The 
electronic file will be bookmarked according to its Table of Contents, but will 
contain no less than the book marking identification in descending order of 
section, system, subsystem, equipment, component, etc., where applicable.  
The goal is to make the submittals both manageable and user friendly for 
the Owner’s use. 


5. Drawing submittals must be in Computer-Aided Design (CAD) format, 
AutoCAD 2013. or better, or Revit 2013 or better. 


6. Prior to the implementation of the design work and prior to the formal 
submittal process, provide a list and cut sheets of all major mechanical and 
electrical equipment to the Owner’s Representative for review and approval 
along with the preliminary system calculations that together will drive the 
mechanical and electrical design and layout. 


B. Coordination: 
1. Coordinate preparation and processing of submittals with performance of 


construction activities. 
2. Coordinate each submittal with fabrication, purchasing, testing, delivery, 


other submittals, and related activities that require sequential activity. 
3. Coordinate multidiscipline design phase submittals and construction 


documents prepared the design professionals of record. 
4. Coordinate transmittal of different types of submittals for related parts of the 


Work so processing will not be delayed because of need to review 
submittals concurrently for coordination. 


C. Submittals Schedule: 
1. Coordinate with Division 1 requirements for Project Management and 


Coordination for list of submittals and time requirements for scheduled 
performance of related construction activities. 


2. Submit all Basis of Design submittals together for all disciplines and prior to 
the start of any construction activity.  Subsequent Construction Document 
submittals can be submitted in phases prior to construction activity related to 
that phase. 


D. Processing Time: 
1. Allow enough time for submittal review, including time for resubmittals, per 


the following.  Time for review will commence on receipt of submittal.  No 
extension of the Agreement Time will be authorized because of failure to 
transmit submittals enough in advance of the Work to permit processing, 
including resubmittals.  


2. Initial Review: Allow at least twenty (20) working days for initial review of 
each submittal. Allow an additional ten (10) days of time if coordination with 
subsequent submittals is required from the receipt of the subsequent 
submittal.  Construction Manager will advise Design-Builder when a 
submittal being processed must be delayed for coordination. 


3. Intermediate Review: If intermediate submittal is necessary, process it in 
same manner as initial submittal. 


4. Re-submittal Review: Allow ten (10) working days for review of each 
resubmittal. 







SAN DIEGO STATE UNIVERSITY         SECTION 260100 
EIS COMPLEX                       ELECTRICAL DESIGN-BUILD INSTRUCTIONS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260100 - 6 Michael Wall Engineering 


E. Identification: 
1. Place a permanent label or title block on each submittal for identification. 
2. Indicate name of firm or entity that prepared each submittal on label or title 


block. 
3. Provide a space on label or beside title block to record Design-Builder’s 


review and approval markings and action taken by the Owner’s 
Representative. 


4. Include the following information on label for processing and recording 
action taken: 
a. Project name. 
b. Date. 
c. Name and address of Design-Builder. 
d. Name and address of subcontractor, including design professionals 


for design phase submittals. 
e. Name and address of supplier. 
f. Name of manufacturer. 
g. Submittal number or other unique identifier, including revision 


identifier.  Submittal number must use Performance Specification 
Section number followed by a decimal point and then a sequential 
number (e.g., 236400.01).  Resubmittals must include an alphabetic 
suffix after another decimal point (e.g., 236400.01.A). 


h. Number and title of appropriate Performance Specification Section. 
i. Drawing number and detail references, as appropriate. 
j. Location(s) where product is to be installed, as appropriate. 
k. Other necessary identification. 


F. Deviations: 
1. Highlight, encircle, or otherwise specifically identify deviations from the 


Agreement Documents on submittals.  


G. Copies: 
1. Action Submittals:  


a. General: Submit three (3) copies to Owner’s Representative.  The 
Owner’s Representative will return two (2) copies. 


b. Samples: Submit three (3) full sets. The Owner’s Representative will 
return two (2) sets. 


c. Operation and Maintenance Manuals: Submit two (2) copies to 
Owner’s Representative.  


d. Project Record Documents: Submit two (2) copies to Owner’s 
Representative. 


e. Demonstration and Training: Submit two (2) copies to Owner’s 
Representative.  


H. Transmittal: 
1. Package each submittal individually and appropriately for transmittal and 


handling.  Transmit each submittal using a transmittal form. 
2. Transmittal Form: Include the following information:  


a. Project name. 
b. Date. 
c. Destination (To:). 
d. Source (From:). 
e. Names of subcontractor, manufacturer, and supplier. 
f. Category and type of submittal. 







SAN DIEGO STATE UNIVERSITY         SECTION 260100 
EIS COMPLEX                       ELECTRICAL DESIGN-BUILD INSTRUCTIONS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260100 - 7 Michael Wall Engineering 


g. Submittal purpose and description. 
h. Performance Specification Section number and title. 
i. Drawing number and detail references, as appropriate. 
j. Transmittal number, numbered consecutively. 
k. Submittal and transmittal distribution record. 
l. Remarks. 
m. Signature of transmitter. 


3. On an attached separate sheet, prepared on Design-Builder’s letterhead, 
record relevant information, requests for data, revisions other than those 
requested on previous submittals, and deviations from requirements in the 
Agreement Documents, including minor variations and limitations. Include 
same label information as related submittal. 


I. Resubmittals: 
1. Make resubmittals in same form and number of copies as initial submittal. 
2. Note date and content of previous submittal. 
3. Note date and content of revision in label or title block and clearly indicate 


extent of revision. 
4. Resubmit submittals until they are marked with the Owner’s 


Representative’s approval notation. 


J. Distribution: 
1. Furnish copies of final submittals to manufacturers, subcontractors, 


suppliers, fabricators, installers and authorities having jurisdiction, and 
others as necessary for performance of construction activities.  Show 
distribution on transmittal forms. 


K. Record Documents: Retain a final copy of all submittals as a Project Record 
Document. 


1.10 SUBMITTAL CLASSIFICATIONS  


A. General:  
1. Submittals are classified as follows: 


a. Project Proposal submittals.  For requirements for these submittals, 
refer to the Proposal Requirements. 


b. Basis of Design Submittals. 
c. Construction Documents –Design Phase Submittals. 
d. Construction Submittals. 
e. Project Closeout Submittals. 
f. LEED Submittals. 
g. Commissioning Submittals. 


1.11 CONSTRUCTION DOCUMENTS PHASE SUBMITTALS 


A. General: 
1. Submit these items during the period of preparation of the Construction 


Documents. 
2. For the general requirements for these Submittals, refer to the Performance 


Criteria. 
3. Organize these submittals in accordance with the Performance 


Specification, using the same title numbers and titles. 
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4. Submittals in this Phase are as follows: 
a. Action Submittals: 


1) Basis of Design.  In addition to the Requirements indicated 
in the Performance Criteria, provide annotated Performance 
Criteria and Concept drawings. 


2) 50% Construction Documents. 
3) 100% Construction Documents. 


b. Information Submittals: Manufacturer’s Certificates, Product 
Certifications. 


1.12 CONSTRUCTION PHASE SUBMITTALS 


A. General: 
1. Prepare and submit Submittals required for the project conditions and 


design by individual Performance Specification Sections. 
2. For the general requirements for these Submittals, refer to the Performance 


Criteria. 
3. Provide submittals to Owner’s Representative for review and approval prior 


to fabrication, purchasing and installation. 


B. Action Submittals: 
1. Action Submittals include Samples, Schedules, and Applications for 


Payment, Subcontracts List, and others as applicable to the Project. 
2. Mechanical/Electrical equipment and systems submittals for those systems 


to be commissioned for review by Commissioning Authority. 
3. Items submitted as substitutions or as “equal” to listed manufacturer(s). 


C. Informational Submittals: 
1. Prepare and submit Informational Submittals required by Performance 


Specification Sections. 
2. Informational Submittals Include Quality Assurance Submittals, Schedules, 


Applications for Payment, Insurance Certificates and Bonds, Construction 
Photographs and Videotapes, and others as applicable to the Project. 


3. Design-Builder’s subcontractor Design professionals of Record will review 
and stamp all construction submittals for conformance with the construction 
documents prepared and signed by the Registered Design Professionals.  


4. Shop drawings and equipment submittals not directly related to 
commissioning or required for review by commissioning authority. 


5. Retain copies of all submittals at job site trailer. 
6. Certificates and Certifications: Provide a notarized statement that includes 


signature of entity responsible for preparing certification.  Certificates and 
certifications must be signed by an officer or other individual authorized to 
sign documents on behalf of that entity. 


7. Test and Inspection Reports. 


1.13 REQUIREMENTS FOR EACH SUBMITTAL CATEGORY  


A. Product Schedule or List: 
1. As required in individual Performance Specification Sections, prepare a 


written summary indicating types of products required for the Work and their 
intended location.  Include the following information in tabular form: 
a. Type of product.  Include unique identifier for each product. 
b. Number and name of room or space. 
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c. Location within room or space. 


B. Product Data: 
1. Collect information into a single submittal for each element of construction 


and type of product or equipment. 
2. If information must be specially prepared for submittal because standard 


printed data are not suitable for use, submit as Shop Drawings, not as 
Product Data. 


3. Mark each copy of each submittal to show which products and options are 
applicable. 


4. Include the following information, as applicable: 
a. Manufacturer's written recommendations. 
b. Manufacturer's product specifications. 
c. Manufacturer's installation instructions. 
d. Standard color charts. 
e. Manufacturer's catalog cuts. 
f. Wiring diagrams showing factory-installed wiring. 
g. Printed performance curves. 
h. Operational range diagrams. 
i. Standard product operation and maintenance manuals. 
j. Compliance with specified referenced standards. 
k. Testing by recognized testing agency. 
l. Application of testing agency labels and seals. 
m. Notation of coordination requirements. 


5. Submit Product Data before or concurrent with Samples for Initial Selection. 


C. Manufacturer Certificates: 
1. Prepare written statements on manufacturer's letterhead certifying that 


manufacturer complies with requirements in the Contract Documents.  
Include evidence of manufacturing experience where required. 


D. Shop Drawings: 
1. Prepare project-specific information, drawn accurately to scale.  Do not base 


Shop Drawings on reproductions of the Contract Documents or standard 
printed data. 


2. Preparation: Fully illustrate requirements in the Contract Documents.  
Include the following information, as applicable: 
a. Dimensions. 
b. Identification of products. 
c. Fabrication and installation drawings. 
d. Roughing-in and setting diagrams. 
e. Wiring diagrams showing field-installed wiring, including power, 


signal, and control wiring. 
f. Shop work manufacturing instructions. 
g. Templates and patterns. 
h. Equipment schedules. 
i. Design calculations. 
j. Compliance with specified standards. 
k. Notation of coordination requirements. 
l. Notation of dimensions established by field measurement. 
m. Relationship to adjoining construction clearly required. 
n. Seal and signature of professional engineer if specified. 
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o. Wiring Diagrams: Differentiate between manufacturer-installed and 
field-installed wiring. 


3. Sheet Size: Except for templates, patterns, and similar full-size drawings, 
submit Shop Drawings on sheets at minimum 8-1/2 by 11 inches but no 
larger than 30” by 42”. 


E. Samples:  
1. Submit Samples for review of kind, color, pattern, and texture for a check of 


these characteristics with other elements and for a comparison of these 
characteristics between submittal and actual component as delivered and 
installed. 


2. Transmit Samples that contain multiple, related components such as 
accessories together in one submittal package. 


3. Identification: Attach label on unexposed side of Samples that includes the 
following: 
a. Generic description of Sample. 
b. Product name and name of manufacturer. 
c. Sample source. 
d. Number and title of appropriate Performance Specification Section. 


4. Disposal: Maintain sets of approved Samples at Project site, available for 
quality-control comparisons throughout the course of construction activity.  
Sample sets may be used to determine final acceptance of construction 
associated with each set. 
a. If approved by Owner’s Representative, certain Samples may be 


incorporated into the Work.  Such Samples must be in an 
undamaged condition at time of use. 


b. Samples not incorporated into the Work, or otherwise designated as 
Owner’s Representative's property, are the property of Design-
Builder.  


5. Samples for Verification:  
a. Submit full-size units or Samples of size required, prepared from 


same material to be used for the Work, cured and finished in 
manner specified, and physically identical with material or product 
proposed for use, and that show full range of color and texture 
variations expected.  Samples include, but are not limited to, the 
following: partial sections of manufactured or fabricated 
components; small cuts or containers of materials; complete units of 
repetitively used materials; and components used for independent 
testing and inspection. 


b. Number of Samples: Submit three sets of Samples.  Owner’s 
Representative will retain one Sample sets; remainder will be 
returned. Mark up and retain one returned Sample set as a Project 
Record Sample. 
1) Submit a single Sample where assembly details, 


workmanship, fabrication techniques, connections, 
operation, and other similar characteristics are to be 
demonstrated. 


2) If variation in color, pattern, texture, or other characteristic is 
inherent in material or product represented by a Sample, 
submit at least three sets of paired units that show 
approximate limits of variations.  
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F. Subcontract List: 
1. Prepare a written summary identifying individuals or firms proposed for each 


portion of the Work, including those who are to furnish products or 
equipment fabricated to a special design.  Include the following information 
in tabular form: 
a. Name, address, and telephone number of entity performing 


subcontract or supplying products. 
b. Number and title of related Specification Section(s) covered by 


subcontract. 
c. Drawing number and detail references, as appropriate, covered by 


subcontract. 


G. Qualification Data: 
1. Prepare written information that demonstrates capabilities and experience of 


firm or person.  Include lists of completed projects with project names and 
addresses, names and addresses of project architects and owners, and 
other information specified. 


H. Welding Certificates: 
1. Prepare written certification that welding procedures and personnel comply 


with requirements in the Agreement Documents. Submit record of Welding 
Procedure Specification (WPS) and Procedure Qualification Record (PQR) 
on AWS forms. Include names of firms and personnel certified. 


I. Installer Certificates: 
1. Prepare written statements on manufacturer's letterhead certifying that 


Installer complies with requirements in the Agreement Documents and, 
where required, is authorized by manufacturer for this specific Project. 


J. Product Certificates: 
1. Prepare written statements on manufacturer's letterhead certifying that 


product complies with requirements in the Agreement Documents. 


K. Material Certificates: 
1. Prepare written statements on manufacturer's letterhead certifying that 


material complies with requirements in the Agreement Documents. 


L. Material Test Reports: 
1. Prepare reports written by a qualified testing agency, on testing agency's 


standard form, indicating and interpreting test results of material for 
compliance with requirements in the Agreement Documents. 


M. Product Test Reports: 
1. Prepare written reports indicating current product produced by manufacturer 


complies with requirements in the Agreement Documents.  Base reports on 
evaluation of tests performed by manufacturer and witnessed by a qualified 
testing agency, or on comprehensive tests performed by a qualified testing 
agency. 


N. Research/Evaluation Reports: 
1. Prepare written evidence, from a model code organization acceptable to 


authorities having jurisdiction, that product complies with building code in 
effect for Project. Include the following information: 
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a. Name of evaluation organization. 
b. Date of evaluation. 
c. Time period when report is in effect. 
d. Product and manufacturers' names. 
e. Description of product. 
f. Test procedures and results. 
g. Limitations of use. 


O. Schedule of Tests and Inspections: 
1. Provide scope for each test and inspection and calendar schedule to the 


Owner’s Representative. Provide minimum 72 hours’ notice to Owner’s 
Representative prior to each test and inspection. Owner’s Representative 
may, at their discretion, witness such testing. 


P. Preconstruction Test Reports: 
1. Prepare reports written by a qualified testing agency, on testing agency's 


standard form, indicating and interpreting results of tests performed before 
installation of product, for compliance with Performance Specifications in the 
Agreement Documents. 


Q. Compatibility Test Reports: 
1. Prepare reports written by a qualified testing agency, on testing agency's 


standard form, indicating and interpreting results of compatibility tests 
performed before installation of product. Include written recommendations 
for primers and substrate preparation needed for adhesion. 


R. Field Test Reports: 
1. Prepare reports written by a qualified testing agency, on testing agency's 


standard form, indicating and interpreting results of field tests performed 
either during installation of product or after product is installed in its final 
location, for compliance with requirements in the Agreement Documents. 


S. Maintenance Data: 
1. Prepare written and graphic instructions and procedures for operation and 


normal maintenance of products and equipment. 


T. Design Data: 
1. Prepare written and graphic information, including, but not limited to, 


performance and Design Requirements, list of applicable codes and 
regulations, and calculations. Include list of assumptions and other 
performance and Design Requirements and a summary of loads. Include 
load diagrams if applicable. Provide name and version of software, if any, 
used for calculations. Include page numbers. 


U. Manufacturer's Instructions: 
1. Prepare written or published information that documents manufacturer's 


recommendations, guidelines, and procedures for installing or operating a 
product or equipment.  Include name of product and name, address, and 
telephone number of manufacturer.  Include the following, as applicable: 
a. Preparation of substrates. 
b. Required substrate tolerances. 
c. Sequence of installation or erection. 
d. Required installation tolerances. 
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e. Required adjustments. 
f. Recommendations for cleaning and protection. 


V. Manufacturer's Field Reports: 
1. Prepare written information documenting factory-authorized service 


representative's tests and inspections.  Include the following, as applicable: 
a. Name, address, and telephone number of factory-authorized service 


representative making report. 
b. Statement on condition of substrates and their acceptability for 


installation of product. 
c. Statement that products at Project site comply with requirements. 
d. Summary of installation procedures being followed, whether they 


comply with requirements and, if not, what corrective action was 
taken. 


e. Results of operational and other tests and a statement of whether 
observed performance complies with requirements. 


f. Statement whether conditions, products, and installation will affect 
warranty. 


g. Other required items required in individual Performance 
Specification Sections. 


W. Construction Photographs and Digital Recordings (DVD’s): 
1. Provide record photographs and or digital videos of construction, particularly 


concealed Work. 
2. Obtain and transfer copyright usage rights from photographer to the Owner 


for unlimited reproduction of photographic documentation. 
3. Digital Images: 


a. Provide images in uncompressed TIFF format or JPEG, produced 
by a digital camera with minimum sensor size of 4.0 megapixels, 
and at an image resolution of not less than 1600 by 1200 pixels. 


b. Submit digital images exactly as originally recorded in the digital 
camera, without alteration, manipulation, editing, or modifications 
using image-editing software.  Date and Time:  Include date and 
time in filename for each image. 


4. Digital Video Format: 
a. Provide high-quality color recording in DVD format.  Quality must be 


adequate to create photographic prints to be made from individual 
frames. 


5. General: 
a. Take photographs using the maximum range of depth of field, and 


that are in focus, to clearly show the Work.  Photographs with blurry 
or out-of-focus areas will not be accepted.  Maintain key plan with 
each set of construction photographs that identifies each 
photographic location.  


6. Periodic Construction Photographs:  Take a minimum of 25 digital 
photographs weekly, with timing each month adjusted to coincide with the 
cutoff date associated with each Application for Payment.  Select vantage 
points to show status of construction and progress since last photographs 
were taken. 


X. Regulatory Agency:  
1. Submit licenses, permits, certifications, proof of fee payments for all 


regulatory agencies, including but not limited to Occupational Safety & 
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Health Administration (OSHA), Air Pollution Control District, Electric Utility, 
Gas Utility, Public Works Department, etc.  


1.14 DESIGN-BUILDER’S REVIEW 


A. General: 
1. Review each submittal and check for coordination with other Work of the 


Agreement and for compliance with the Agreement Documents.  Note 
corrections and field dimensions.  Mark with approval stamp before 
submitting to Owner’s Representative. 


B. Approval Stamp: 
1. Stamp each submittal with a uniform, approval stamp.  Include Project name 


and location, submittal number, Specification Section title and number, 
name of reviewer, date of Design-Builder’s approval, and statement 
certifying that submittal has been reviewed, checked, and approved for 
compliance with the Agreement Documents. 


2. The Design-Builders’ Subcontractor CA licensed design professionals must 
review and stamp all Construction submittals. Review for conformance to 
Construction Documents prepared by the registered design professionals of 
record for the Project. 


1.15 OWNER’S REPRESENTATIVE ACTION 


A. General: 
1. Where action is required by Owner’s Representative, Owner’s 


Representative will not review submittals that do not bear Design-Builder’s 
approval stamp and will return them without action. 


B. Action Submittals: 
1. Owner’s Representative will review each submittal, make marks to indicate 


corrections or modifications required, and return it to the Design-Builder. 


C. Informational Submittals: 
1. Owner’s Representative will review each submittal and may return it to the 


Design-Builder stamped appropriately with comments. 


1.16 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) DESCRIPTION 


A. Establish and maintain a Quality Assurance/Quality Control (QA/QC) program as 
described in this section and coordinate with the Commissioning program.  The 
QA/QC program must cover construction operations on-site and off-site and must be 
keyed to the proposed construction sequence and serve as the foundation on which 
the Commissioning Plan will be built and executed for the mechanical and electrical 
systems. 


B. The process of assuring quality and compliance will take place in two ways.  QA/QC 
must implement a program to monitor, verify, and accept the work during the 
construction installation, especially the equipment and the system components.  The 
QA/QC program will coordinate with the Commissioning of Work and dovetail the 
monitoring and requirements for systems and equipment identified under both 
programs.  The Commissioning program will plan, monitor, verify, and accept the 
operation and the performance of the equipment and systems. In particular, the 
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operation and performance of the mechanical and electrical systems will only be 
available for verification and acceptance upon the successful execution of the 
QC/QA program with regard to their installation.  


C. QA/QC REQUIREMENTS 


D. QA/QC Program Requirements - The QA/QC program consists of a QA/QC 
Organization, a Quality Control (QC) Plan, conducting QA/QC meetings on site, 
performing submittal review, ensuring testing is performed, and preparing QC 
certifications and documentation necessary to provide materials, equipment, 
workmanship, fabrication, construction and operations which comply with the 
requirements of this Agreement.  In addition this Section consists of the coordination 
of the QA/QC program with the Commissioning program. 


1.17 QA/QC DEFINITIONS 


A. Quality Assurance Services: 
1. Activities, actions, and procedures performed at a level above Quality 


Control to assure the work performed has in effect a quality control 
procedure and process performed by those doing the Work to guard against 
defects and deficiencies and assure that proposed construction will comply 
with requirements.  Includes submittals, certifications, and other actions to 
assure that the proposed products and services will meet the Agreement 
requirements.  Services do not include Agreement enforcement activities 
performed by the Owner. 


B. Quality Control Services: 
1. Tests, inspections, procedures, and related actions at the level where the 


work is performed, during and after execution of the Work, to evaluate that 
actual products and completed construction comply with all Agreement 
requirements. 


C. Mockups: 
1. Full-size, physical assemblies that are constructed on-site.  Mockups are 


used to verify selections made under sample submittals, to demonstrate 
aesthetic effects and, where indicated, qualities of materials and execution, 
and to review construction, coordination, testing, or operation; they are not 
Samples.  Approved mockups establish the standard by which the Work will 
be judged. 


D. Laboratory Mockups: 
1. Full-size, physical assemblies that are constructed at a testing facility to 


verify performance characteristics. 


E. Preconstruction Testing: 
1. Tests and inspections that are performed specifically for Design-Build 


Package #1 before products and materials are incorporated into the Work to 
verify performance or compliance with specified criteria. 


F. Product Testing: 
1. Tests and inspections that are performed by a Nationally Recognized 


Testing Laboratory (NRTL), a National Voluntary Laboratory Accreditation 
Program (NVLAP), or a testing agency qualified to conduct product testing 
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and acceptable to authorities having jurisdiction, to establish product 
performance and compliance with industry standards. 


G. Source Quality Control Testing: 
1. Tests and inspections that are performed at the source, i.e., Plant, mill, 


factory, or shop. 


H. Field Quality Control Testing: 
1. Tests and inspections that are performed on-site for installation of the Work 


and for completed Work. 


I. Testing Agency: 
1. An entity engaged by the Owner’s Representative to perform specific tests, 


inspections, or both.  Testing laboratory will mean the same as testing 
agency.  The testing agency will be under the control of the Owner’s 
Representative at the Owner’s discretion. 


J. Installer/Applicator/Erector: 
1. Design-Builder or another entity engaged by Design-Builder as an 


employee, Subcontractor, or Sub-subcontractor experienced in installing, 
erecting, or assembling work similar in material, design, and extent to that 
indicated whose work has resulted in construction with a record of 
successful in-service performance. 


2. Using a term such as "carpentry" does not imply that certain construction 
activities must be performed by accredited or unionized individuals of a 
corresponding generic name, such as "carpenter." It also does not imply that 
requirements specified apply exclusively to trades people of the 
corresponding generic name. 


K. Experienced: 
1. When used with an entity, "experienced" means having successfully 


completed a minimum of five previous projects similar in size and scope; 
being familiar with special requirements indicated; and having complied with 
requirements of authorities having jurisdiction. 


L. Manufacturer Qualifications: 
1. A firm experienced in manufacturing products or systems similar to those 


indicated and with a record of successful in-service performance, as well as 
sufficient production capacity to produce required units. 


M. Fabricator Qualifications: 
1. A firm experienced in producing products similar to those indicated and with 


a record of successful in-service performance, as well as sufficient 
production capacity to produce required units. 


N. Professional Architect/Engineer Qualifications: 
1. A professional Architect/Engineer who is legally qualified and licensed to 


practice in the State where the project is located and who is experienced in 
providing Architecture and Engineering services of the kind indicated.  
Architect/Engineering services are defined as those performed for 
installations of the system, assembly, or product that are similar to those 
indicated in material, design, and extent. 
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O. Specialists: 
1. Certain sections of the Specifications require that specific construction 


activities will be performed by entities that are recognized experts in those 
operations. Specialists must satisfy qualification requirements indicated and 
must be engaged for the activities indicated. 


2. Requirement for specialists must not supersede building codes and 
regulations governing the Work. 


P. Testing Agency Qualifications: 
1. An NRTL, an NVLAP, or an independent agency with the experience and 


capability to conduct testing and inspecting indicated, as documented 
according to America Society for Testing of Materials (ASTM) E 548; and 
with additional qualifications specified in individual Sections; and where 
required by authorities having jurisdiction, that is acceptable to authorities. 


2. NRTL: A nationally recognized testing laboratory according to 29 CFR 
1910.7. 


3. NVLAP: A testing agency accredited according to National Institute of 
Standards and Technology’s (NIST) NVLAP. 


Q. Factory-Authorized Service Representative Qualifications: 
1. An authorized representative of manufacturer who is trained and approved 


by manufacturer to inspect installation of manufacturer's products that are 
similar in material, design, and extent to those indicated. 


R. Preconstruction Testing: 
1. Where testing agency is indicated to perform preconstruction testing for 


compliance with specified requirements for performance and test methods. 


1.18 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) ON INSTALLATION 


A. Monitoring - Monitor quality control over suppliers, manufacturers, products, 
services, site conditions and workmanship to produce work of the specified quality. 


B. Compliance - Comply fully with manufacturers' instructions including each step in 
sequence and comply fully with the Agreement documents inclusive of the entirety of 
the intent of the Design Criteria. 


C. Conflicts - Should manufacturers' instructions conflict with the Agreement 
Documents, request clarification from Owner’s Representative before proceeding. 


D. Standards: 
1. Comply with specified standards as a minimum quality for the Work except 


when more stringent tolerances, code, or specified requirements indicate 
higher standards or more precise workmanship. 


2. Perform Work by persons qualified to produce workmanship of specified 
quality. 


E. Comply with specified standards as a minimum quality for the Work except when 
more stringent tolerances, code, or specified requirements indicate higher standards 
or more precise workmanship. 
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F. Coordination of all above-ceiling work is mandatory prior to any installation.  
Documentation of such coordination will be required prior to applicable installation 
taking place in the specific area concerned. 


1.19 QA/QC SUBMITTALS 


A. Quality Assurance/Quality Control (QA/QC) Plan: Submit a QA/QC Plan for the 
Owner’s Representative’s approval within thirty (30) days prior to commencement of 
construction. 


B. Schedule of Tests and Inspections: 
1. Prepare in tabular form and include the following, as applicable: 


a. Specification Section number and title. 
b. Description of test and inspection. 
c. Identification of applicable standards. 
d. Identification of test and inspection methods. 
e. Number of tests and inspections required. 
f. Time schedule or time span for tests and inspections. 
g. Entity responsible for performing tests and inspections. 
h. Requirements for obtaining samples. 
i. Unique characteristics of each quality control service. 


C. Reports: 
1. Prepare and submit certified written reports that include the following: 


a. Date of issue. 
b. Name, address, and telephone number of testing agency. 
c. Dates and locations of samples and tests or inspections. 
d. Names of individuals making tests and inspections. 
e. Description of the Work and test and inspection method. 
f. Identification of product and Specification Section. 
g. Complete test or inspection data. 
h. Test and inspection results and an interpretation of test results. 
i. Record of temperature and weather conditions at time of sample 


taken and testing and inspecting. 
j. Comments or professional opinion on whether tested or inspected 


Work complies with the Agreement Document requirements. 
k. Recommendations on retesting and reinspecting. 


D. Permits, Licenses, and Certificates: 
1. For Owner’s records, submit copies of permits, licenses, certifications, 


inspection reports, releases, jurisdictional settlements, notices, receipts for 
fee payments, judgments, correspondence, records, and similar documents, 
established for compliance with standards and regulations bearing on 
performance of the Work. 


E. Testing Agency Responsibilities: 
1. Submit a certified written report of each test, inspection, and similar quality-


assurance service to the Owner’s Representative, with copy to Design-
Builder. Interpret tests and inspections and state in each report whether 
tested and inspected work complies with or deviates from the Agreement 
Documents. 
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1.20 QA/QC PLAN 


A. Requirements: Provide for approval by the Owner’s Representative, a QA/QC Plan 
that covers both on-site and off-site Work, and includes the following: 
1. A chart showing the QA/QC organizational structure and its relationship to 


the production side of the organization. 
2. Names and qualifications, in resume format, for each person in the QA/QC 


organization. 
3. Duties, responsibilities and authorities of each person in the QA/QC 


organization. 
4. Documentation procedures, including proposed report formats for all reports 


required herein. 
5. A letter signed by an officer of the firm appointing the QA/QC Manager and 


stating that he/she is responsible for managing and implementing the 
QA/QC program as described herein, and that the QA/QC Manager reports 
to an officer of the firm, someone other than Design-Builder's Project 
Manager.  Include in this letter the QA/QC Manager's authority to direct the 
stopping, removal and replacement of non-conforming Work. 


6. Procedures for reviewing, approving and managing submittals.  Provide the 
name(s) of the person(s) in the QA/QC organization authorized to review 
and certify submittals prior to approval. 


7. A Testing Plan and Log that includes the tests required, referenced by the 
specification paragraph number requiring the test, test procedures, the 
frequency, schedule activity number and the person responsible for each 
test. 


8. Procedures to identify, record, track and complete rework items, including 
schedule activity numbers. 


9. A listing of outside organizations such as, architectural and consulting 
engineering firms that will be employed by Design-Builder and a description 
of the services and resumes of personnel these firms will provide. 


10. A list of the definable features of work.  A definable feature of work is a task 
that is separate and distinct from other tasks and requires separate control 
requirements.  As a minimum, unless otherwise approved by the Owner’s 
Representative, consider each section of the specifications as a definable 
feature of work.  However, there may be more than one definable feature of 
work in each section of the specifications. 


11. A personnel matrix showing, for each section of the specification, who will 
review and approve submittals, who will perform and document the various 
phases of control, and who will perform and document the testing. 


12. Provide procedures describing mandatory above ceiling coordination prior to 
the execution of any above ceiling work. 


B. Preliminary Work Authorized Prior to Approval: The only work that is authorized to 
proceed prior to the approval of the QA/QC Plan is mobilization of storage and office 
trailers and surveying, the preparation of excavation shoring systems, and removal 
of hazardous materials.  Design-Builder must not proceed on other activities without 
written approval from the Owner’s Representative. 


C. Approval: Approval of the QA/QC Plan is required before the start of construction.   
The Owner’s Representative reserves the right to require changes in the QA/QC 
Plan and operations as necessary to ensure the specified quality of Work.  The 
Owner’s Representative reserves the right to interview any member of the QA/QC 
organization at any time in order to verify his/her submitted qualifications. 
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D. Notification of Changes: Submit written notification to the Owner’s Representative of 
any proposed change, including changes in the QA/QC organization personnel, a 
minimum of seven (7) days prior to a proposed change.  Design-Builder must 
receive Owner approval prior to implementing such proposed changes.  


1.21 QA/QC PLAN MEETING 


A. Prior to submission of the QA/QC Plan, meet with Owner’s Representative to 
discuss the QA/QC Plan requirements of this Agreement.  The purpose of this 
meeting is to develop a mutual understanding of the QA/QC Plan requirements prior 
to plan development and submission. 


1.22 QA/QC COORDINATION AND MUTUAL UNDERSTANDING MEETING 


A. After submission of the QA/QC Plan, but prior to the start of construction, meet with 
Owner’s Representative to discuss the QA/QC program required by this Agreement.  
The purpose of this meeting is to develop a mutual understanding of the QA/QC 
details, including forms to be used for documentation, administration for on-site and 
off-site Work, and the coordination of Design-Builder's management, production and 
QA/QC personnel.  As a minimum, Design-Builder's personnel required to attend 
must include the project manager, project superintendent, QA/QC Manager, and 
QA/QC specialists.  Minutes of the meeting must be prepared by the QA/QC 
Manager and signed by both Design-Builder and Owner’s Representative. 


1.23 QA/QC DOCUMENTATION 


A. Maintain current and complete records of on-site and off-site QA/QC program 
operations and activities. 
1. Design-Builder Daily Report. 
2. Design-Builder Quality Control Report: Reports are required for each day 


that Work is performed and for every seven (7) consecutive days of no-work 
and on the last day of a no-work period.  Account for each day throughout 
the life of the Agreement.  The reporting of Work must be identified by 
terminology and activity codes consistent with the construction schedule.  
Design-Builder Quality Control Reports must be prepared, signed and dated 
by the QA/QC Manager and must contain the following information: 
a. Identify the control phase (Preparatory, Initial, and Follow-up) and 


the definable feature of work. 
b. Results of the Preparatory Phase meetings held including the 


location of the definable feature of work and a list of personnel 
present at the meeting. Indicate in the report that for this definable 
feature of work, the drawings and specifications have been 
reviewed, submittals have been approved, materials comply with 
approved submittals, materials are stored properly, preliminary work 
was done correctly, the testing plan has been reviewed, and work 
methods and schedule have been discussed. 


c. Results of the Initial Phase meetings held including the location of 
the definable feature of work and a list of personnel present at the 
meeting.  Indicate in the report that for this definable feature of work 
the preliminary work was done correctly, samples have been 
prepared and approved, the workmanship is satisfactory, test results 
are acceptable, work is in compliance with the Agreement 
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requirements, and the required testing has been performed and 
include a list of who performed the tests. 


d. Results of the Follow-up Phase inspections held including the 
location of the definable feature of work. Indicate if the report for this 
definable feature of Work that the work complies with the 
Agreement requirements as approved in the Initial Phase, and that 
required testing has been performed and include a list of who 
performed the tests. 


e. Results of the three Phases of Control for off-site work, if applicable, 
including actions taken. 


f. List the rework items identified, but not corrected by close of 
business. 


g. List the rework items corrected from the rework items list along with 
the corrective action taken. 


h. Include a "remarks" section in this report which must contain 
pertinent information including directions received, quality control 
problem areas, deviations from the QA/QC Plan, construction 
deficiencies encountered, QA/QC meetings held, acknowledgement 
that as-built drawings have been updated, corrective direction given 
by the QC Organization and corrective action taken by Design-
Builder. 


i. Design-Builder Quality Control Report certification. 
3. Reports from the QC Specialist(s): Reports are required for each day that 


Work is performed in their area of responsibility.  QC specialist reports must 
include the same documentation requirements as Design-Builder Quality 
Control Report for their area of responsibility, QC specialist reports must be 
prepared, signed and dated by the QC specialists and must be attached to 
Design-Builder Quality Control Report prepared for the same day. 


4. Testing Plan and Log: As tests are performed, the QA/QC Manager must 
record on the "Testing Plan and Log" the date the test was conducted, the 
date the test results were forwarded to IOR, remarks and acknowledgement 
that an accredited or approved testing laboratory was used.  Attach a 
current updated copy of the "Testing Plan and Log" to the last daily Design-
Builder Quality Control Report of each month. 


5. Rework Items List: The QA/QC Manager must maintain a list of work that 
does not comply with the Agreement requirements, identifying what items 
need to be reworked, the date the item was originally discovered, and the 
date the item was corrected.  Attach the current copy of the "Design-Builder 
Rework Items List" to the last daily Design-Builder Quality Control Report of 
each month.  Design-Builder will be responsible for including on this list 
items needing rework including those identified by the Owner’s 
Representative. 


6. Record Drawings: The QA/QC Manager is required to review the Record 
Drawings to ensure that the drawings are kept current on a daily basis and 
marked to show precise locations of items, or any deviations, which have 
been made from the Construction Drawings.  The QA/QC Manager, or QC 
Specialist assigned to an area of responsibility, must initial each deviation 
and each revision.  Upon completion of Work, the QA/QC Manager must 
furnish a certificate attesting to the accuracy of the Record Drawings and 
verification by the IOR prior to submission to Owner’s Representative. 


7. Report Forms: 
a. The reporting format must contain the following information: 


1) Design-Builder Daily Report 
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2) Design-Builder Quality Control Report and Separate 
Continuation Sheets 


3) Testing Plan and Log 
4) Rework Items List 
5) Construction Methods Form 
6) QA/QC Manager’s Preparatory Phase Check-off Report 


b. Report forms must be transmitted via a method acceptable to 
Owner’s Representative. All original documents, reports, completed 
forms, etc. must be forwarded to the Owner’s Representative. 


1.24 REPAIR AND PROTECTION 


A. General: 
1. Repair and protection are Design-Builder's responsibility, regardless of the 


assignment of responsibility for quality control services. 
2. On completion of testing, inspecting, sample taking, and similar services, 


repair damaged construction and restore substrates and finishes.  Protect 
construction exposed by or for quality control service activities. 


3. Provide materials and comply with installation requirements specified in 
other Specification Sections.  Restore patched areas and extend restoration 
into adjoining areas with durable seams that are as invisible as possible. 


1.25 OPERATION AND MAINTENANCE MANUALS (O&M) REQUIREMENTS 


A. Standard Operation and Maintenance (O&M) Manuals. 
1. The specific content and format requirements for the standard O&M 


manuals are de-tailed herein and in the individual Specifications.  The O&M 
Manuals will be submitted in both hard copy and electronic form.  The 
electronic form will be compiled in the most current form of Adobe Acrobat, 
Release 9.0 or better, or Bluebeam Revu, Release 10.0 or better.  The 
electronic file will be bookmarked according to its Table of Contents, but will 
contain no less than the book marking identification in descending order of 
section, system, subsystem, equipment, component, etc., where applicable.  
The goal is to make the manuals both manageable and user friendly for the 
Owner’s use. 


2. Design-Builder Design Team Contribution.  The Design-Builder will include, 
in the be-ginning of the each O&M manual, a separate section describing 
the systems, including: 
a. The Basis of Design narrative prepared by the Design-Builder, 


updated to as-built status by the Design-Builder. 
b. Simplified, professionally-drawn, single-line system diagrams on 8-


1/2” x 11” or 11” x 17” sheets.  These must include, but not limited 
to, systems and major pieces of equipment such as chillers, boilers, 
piping systems, electrical systems, ductwork systems and controls 
systems. 


3. State Review and Approval. Prior to completion, the Owner’s 
Representative will review the O&M Manuals, documentation, and redline 
as-builts to verify compliance with the Performance Criteria.  The Owner’s 
Representative will communicate deficiencies in the manuals to the Design-
Builder.  Upon a successful review of the corrections, the Owner’s 
Representative recommends approval and acceptance of these sections of 
the O&M manuals.  The Owner’s Representative also reviews each 
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equipment warranty and verifies that all requirements to keep the warranty 
valid are clearly stated. 


1.26 WARRANTIES 


A. Warranties shall be provided for specific products, equipment and work as identified 
in Individual Specifications Sections. 


B. Form of Warranty: Written warranties, except manufacturer's standard printed 
warranties, must be on the Design-Builder's, Subcontractor's, material supplier, or 
manufacturer's own letterhead, addressed to the Owner.  All warranties must be 
submitted in duplicate, in a suitable format, and modified as approved to suit the 
conditions pertaining to the warranty. 


C. Bind warranties in commercial quality 8-1/2" x 11" binders, with hardback, cleanable, 
plastic covers. 


D. Label cover of each binder with typed or printed title "WARRANTIES", with title of 
Project, name, address, and telephone number of Design-Builder; and name of 
responsible principal. 


E. Table of Contents: Neatly typed, in the sequence of the Table of Contents, with each 
item identified with the number and title of the specification section in which 
specified, and the name of Product or work item. 


F. Separate each warranty with index tab sheets keyed to the Table of Contents listing.  
Provide full information, using separate typed sheets as necessary.  List 
subcontractor, supplier, and manufacturer, with name, address, and telephone 
number of responsible principal. 


G. Obtain warranties, executed in duplicate by responsible subcontractor, suppliers, 
and manufacturers, within ten days after completion of the applicable item of work.  
Except for items put into use with Owner's permission, leave date of beginning of 
time of warranty until the date of final acceptance or occupancy by the Owner. 


H. All warranties must be signed by both the General Design-Builder and the 
appropriate subcontractor. 


I. For equipment or component parts of equipment put into service during construction 
with Owner's permission, submit documents within ten days after acceptance. 


1.27 TRAINING AND DEMONSTRATION SUBMITTALS 


A. Instruction Program: 
1. Submit two copies of outline of instructional program for demonstration and 


training, including: the agenda for the training; a schedule of proposed dates 
and times; length of instruction time for each section of training, and 
instructors' names for each training module.  Include learning objective and 
outline for each training module.  Each training submittal must be provided a 
minimum of three weeks before the proposed training date. 


2. At completion of training, submit two complete training manual(s) in both 
paper and electronic format for the Owner’s use.  Electronic format to be 
word searchable. 
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B. Qualification Data: 
1. For facilitator, instructor, and videographer. 


C. Attendance Record: 
1. For each training module, submit list of participants and length of instruction 


time. 
2. Complete the Training Record form included for each training session 


conducted.  Submit to the Owner within seven (7) calendar days of each 
session being completed. 


D. Evaluations: 
1. For each participant and for each training module, submit results and 


documentation of performance-based test. 


E. Demonstration and Training Interactive DVDs: 
1. Submit two copies within seven (7) calendar days of end of each training 


module. 
2. Identification: On each copy, provide an applied label with the following 


information: 
a. Name of Project. 
b. Name and address of videographer. 
c. Name of Construction Manager. 
d. Name of Design-Builder. 
e. Date DVD was recorded. 
f. Description of vantage point, indicating location, direction (by 


compass point), and elevation or story of construction. 
3. Transcript: Prepared on 8-1/2” by 11” paper, punched and bound in heavy-


duty, 3-ring, vinyl-covered binders.  Mark appropriate identification on front 
and spine of each binder. Include a cover sheet with same label information 
as the corresponding DVD.  Include name of Project and date of DVD on 
each page.  Include copy of relevant DVD in plastic sleeve. 


F. Training Planning, Agenda, and Record Forms: 
1. Forms follow on subsequent pages. 


a. Overall Staff Training and Orientation Plan (one page). 
b. Training and Orientation Agenda (two pages). 
c.  Staff Training and Orientation Record (one page). 


1.28 TRAINING QUALITY ASSURANCE 


A. Facilitator Qualifications: 
1. A firm or individual experienced in training or educating maintenance 


personnel in a training program similar in content and extent and whose 
work has resulted in training or education with a record of successful 
learning performance. 


B. Instructor Qualifications: 
1. A factory-authorized service representative experienced in operation and 


maintenance procedures and training. 


C. Videographer Qualifications: 
1. A videographer who is experienced digitally recording construction projects. 
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D. Pre-Instruction Conference: 
1. Conduct conference to review methods and procedures related to 


anticipated demonstration and training including, but not limited to, the 
following: 
a. Inspect and discuss locations and other facilities required for 


instruction. 
b. Review and finalize instruction schedule and verify availability of 


educational materials, instructors' personnel, audiovisual 
equipment, and facilities needed to avoid delays. 


c. Review required content of instruction. 
d. For instruction that must occur outside, review weather and 


forecasted weather conditions and procedures to follow if conditions 
are unfavorable. 


1.29 INSTRUCTION PROGRAM 


A. Program Structure: 
1. Develop an instruction program that includes individual training modules for 


each system and equipment not part of a system, as required by individual 
Specification Sections, and as follows: 
a. Motorized doors, including overhead coiling doors overhead coiling 


grilles and automatic entrance doors. 
b. Equipment, including video screens, loading dock equipment, waste 


compactors, service equipment, and other equipment as applicable 
to project. 


c. Fire-protection systems, including fire alarm, fire pumps, and fire-
extinguishing systems. 


d. Security systems. 
e. Conveying systems. 
f. Refrigeration systems, including chillers, cooling towers, 


condensers, pumps, thermal energy storage and distribution piping. 
g. Steam plant systems, including boilers, deaerators, feedwater 


pumps, condensate return system 
h. HVAC systems, including air-handling equipment, air distribution 


systems, and terminal equipment and devices. 
i. EMCS, HVAC instrumentation and controls. 
j. Electrical service and distribution, including transformers, 


switchboards, panelboards, uninterruptible power supplies, and 
motor controls. 


k. Packaged engine generators, including transfer switches. 
1) Black start generators 
2) Emergency generators 


l. Lighting equipment and controls. 
m. Communication systems, including intercommunication, 


surveillance, clocks and programming, voice and data, and 
television equipment. 


n. Power monitoring, control system and UPS 
o. Other systems and equipment as applicable. 


B. Training Modules: 
1. Develop a learning objective and teaching outline for each module.  Include 


a description of specific skills and knowledge that participant is expected to 
master. 
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a. For each scene of the module define the Trade and Level of target 
participant. Some cross-over is expected. 


b. Example Trades are: Controls, Electrical, Mechanical. 
c. Example Levels: Operation, Maintenance, Trouble-shooting. 


2. Emergency Operations shall include the following, as applicable: 
a. Instructions on meaning of warnings, trouble indications, and error 


messages. 
b. Instructions on stopping. 
c. Shutdown instructions for each type of emergency. 
d. Operating instructions for conditions outside of normal operating 


limits. 
e. Sequences for electric or electronic systems. 
f. Special operating instructions and procedures. 


3. Normal Operations shall include the following, as applicable: 
a. Startup procedures. 
b. Equipment or system break-in procedures. 
c. Routine and normal operating instructions. 
d. Regulation and control procedures. 
e. Control sequences. 
f. Safety procedures. 
g. Instructions on stopping. 
h. Normal shutdown instructions. 
i. Operating procedures for system, subsystem, or equipment failure. 
j. Seasonal and weekend operating instructions. 
k. Required sequences for electric or electronic systems. 
l. Special operating instructions and procedures. 


 
4. Adjustments shall include the following: 


a. Alignments. 
b. Checking adjustments. 
c. Noise and vibration adjustments. 
d. Economy and efficiency adjustments. 


5. Troubleshooting: Include the following: 
a. Diagnostic instructions. 
b. Test and inspection procedures. 


6. Maintenance shall include the following: 
a. Inspection procedures. 
b. Types of cleaning agents to be used and methods of cleaning. 
c. List of cleaning agents and methods of cleaning detrimental to 


product. 
d. Procedures for routine cleaning. 
e. Procedures for preventive maintenance. 
f. Procedures for routine maintenance. 
g. Instruction on use of special tools. 


7. Repairs shall include the following: 
a. Diagnosis instructions. 
b. Repair instructions. 
c. Disassembly; component removal, repair, and replacement; and 


reassembly instructions. 
d. Instructions for identifying parts and components. 
e. Review of spare parts needed for operation and maintenance. 
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1.30 PROJECT CLOSEOUT SUBMITTALS 


A. General: 
1. Comply with requirements specified in Sections 01 77 00 "Closeout 


Procedures”, 01 78 23 “Operation and Maintenance Data”, 01 78 39 “Project 
Record Documents”, and 01 91 00 “General Commissioning Requirements”.  


1.31 LEED SUBMITTALS 


A. General: 
1. Comply with requirements specified in Section 01 35 70 "LEED 


Requirements."  
2. Maintain full and complete organized LEED and commissioning submittals 


library.  


B. Material Safety Data Sheets (MSDS) for LEED Certification:  
1. Submit information necessary to show compliance with LEED certification 


requirements, which will be the limit of Owner’s Representative   review.  
2. Owner’s Representative   will not review LEED submittals that do not 


include MSDS where applicable, and will return the entire submittal for 
resubmittal.  


1.32 COMMISSIONING SUBMITTALS 


A. General 
1. Comply with all commissioning requirements. 


PART 2 - PRODUCTS 


2.1 RECORD DRAWINGS  


A. Record Prints:  
1. Maintain one set of blue or black-line white prints of the Construction 


Drawings and Shop Drawings. 
2. Preparation: Mark Record Prints to show the actual installation where 


installation varies from that shown originally.  Require individual or entity 
who obtained record data, whether individual or entity is Installer, 
subcontractor, or similar entity, to prepare the marked-up Record Prints. 
a. Give particular attention to information on concealed elements that 


would be difficult to identify or measure and record later. 
b. Accurately record information in an understandable drawing 


technique. 
c. Obtain and record data for modifications as soon as specific item of 


work is accomplished.  Record and check the markup before 
enclosing concealed installations. 


3. Content: Types of items requiring marking include, but are not limited to, the 
following: 
a. Dimensional changes to Drawings. 
b. Revisions to details shown on Drawings. 
c. Depths of foundations below first floor. 
d. Locations and depths of underground utilities. 
e. Revisions to routing of piping and conduits. 
f. Revisions to electrical circuitry. 
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g. Actual equipment locations. 
h. Duct size and routing. 
i. Locations of concealed internal utilities. 
j. Changes made by Change Order or Construction Change Directive. 
k. Changes made following Owner’s written orders. 
l. Details not on the original Agreement Drawings. 
m. Field records for variable and concealed conditions. 
n. Record information on the Work that is shown only schematically. 


4. Mark the Construction Drawings or Shop Drawings, whichever is most 
capable of showing actual physical conditions, completely and accurately.  If 
Shop Drawings are marked, show cross-reference on the Construction 
Drawings. 


5. Mark record sets with erasable, red-colored pencil.  Use other colors to 
distinguish between changes for different categories of the Work at same 
location. 


6. Mark important additional information that was either shown schematically 
or omitted from original Construction Drawings. 


7. Note Construction Change Directive numbers, alternate numbers, Change 
Order numbers, and similar identification, where applicable. 


B. Record CAD Drawings: 
1. Immediately before inspection for Certificate of Completion, review marked-


up Record Prints with Construction Manager.  When authorized, prepare a 
full set of corrected CAD Drawings of the Construction Drawings to reflect 
Record/As-built conditions. 


2. Format: Same CAD program, version, and operating system as the original 
Construction Drawings.  One set of Record (As-Built) CAD files must be 
locked for record purposes.  The other set of Record (As-Built) CAD flies 
must be unlocked and completely manipulate-able for later use by the 
Owner for other project purposes. 


3. Incorporate changes and additional information previously marked on 
Record Prints and Shop Drawings as applicable.  Delete, redraw, and add 
details and notations where applicable.  Scanned .TIFF, PDF or other non-
manipulate-able files are not acceptable as electronic copies.  


C. Newly Prepared Record Drawings:  
1. Prepare new drawings instead of preparing Record Drawings where the 


Owner’s Representative determines that neither the original Construction 
Drawings nor Shop Drawings are suitable to show actual installation. 


2. New Drawings may be required when a Change Order is issued as a result 
of accepting an alternate, substitution, or other modification.  


3. Integrate newly prepared Record Drawings into Record Drawing sets; 
comply with procedures for formatting, organizing, copying, binding, and 
submitting.  


D. Format:  
1. Identify and date each Record Drawing. 
2. Record Prints: Organize Record Prints and newly prepared Record 


Drawings into manageable sets.  Bind each set with durable paper cover 
sheets.  Include identification on cover sheets.  


3. Record CAD Drawings: Organize CAD information into separate electronic 
files that correspond to each sheet of the approved 100% Construction 







SAN DIEGO STATE UNIVERSITY         SECTION 260100 
EIS COMPLEX                       ELECTRICAL DESIGN-BUILD INSTRUCTIONS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260100 - 29 Michael Wall Engineering 


Drawings set, with Record Drawing mark-ups/additions.  Name each file 
with the sheet identification.  Include identification in each CAD file. 


4. Identification as follows: 
a. Project name. 
b. Date. 
c. Designation "DESIGN-BUILD RECORD DRAWINGS." 


2.2 RECORD SPECIFICATIONS 


A. Preparation: 
1. Mark copy with the proprietary name and model number of products, 


materials, and equipment furnished.  Record the name of manufacturer, 
supplier, Installer, and other information necessary to provide a record of 
selections made. 


2. Give particular attention to information on concealed products and 
installations that cannot be readily identified and recorded later. 


3. Note related Record Product Data and Record Drawings where applicable. 


2.3 RECORD PRODUCT DATA 


A. Preparation: 
1. Mark Product Data to indicate the actual product installation where 


installation varies substantially from that required in Product Data submittal. 
2. Give particular attention to information on concealed products and 


installations that cannot be readily identified and recorded later. 
3. Include significant changes in the product delivered to site and changes in 


manufacturer's written instructions for installation.  
4. Note related Change Orders, Record Specifications, and Record Drawings 


where applicable. 


2.4 MISCELLANEOUS RECORD SUBMITTALS 


A. General: 
1. Assemble miscellaneous records required by other Specification Sections 


for miscellaneous record keeping and submittal in connection with actual 
performance of the Work.  Bind or file miscellaneous records and identify 
each, ready for continued use and reference. 


PART 3 - EXECUTION  


3.1 VERIFICATION OF CONDITIONS 


A. Prior to installing any portion of the Work, Design-Builder must inspect the work 
already in place to receive the work to be installed and arrange for correction of 
defects in the existing workmanship, material or conditions that may adversely affect 
work to be installed. Such inspections must include test applications of the materials 
to be installed as required to establish the correct condition of surfaces involved.  
Where the specifications require a material to be installed under the supervision or 
inspection of the material manufacturer or its representative, Design-Builder must 
ensure that the manufacturer or its representative also inspects the work in place 
and issues a letter of approval to the Owner’s Representative. 
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3.2 RECORDING AND MAINTENANCE  


A. Recording:  
1. Maintain one copy of each submittal during the construction period for 


Design-Build Record Document purposes.  Post changes and modifications 
to Design-Build Record Documents as they occur; do not wait until the end 
of project. 


B. Maintenance of Record Documents and Samples:  
1. Store Record Documents and Samples in the field office apart from the 


Construction Documents used for construction.  Do not use Design-Build 
Record Documents for construction purposes.  Maintain Record Documents 
in good order and in a clean, dry, legible condition, protected from 
deterioration and loss.  Provide access to Design-Build Record Documents 
for Owner’s reference during normal working hours. 


3.3 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY 


A. Organization: 
1. Include a Section in the directory for each of the following: 


a. Master table of contents for directory. 
b. List of contacts. 
c. List of systems. 
d. List of equipment. 
e. Tables of contents. 


B. List of Contacts 
1. List systems/equipment contacts; list by system, alphabetically. 


C. List of Systems and Subsystems: 
1. List systems alphabetically. Include references to operation and 


maintenance manuals that contain information about each system. 


D. List of Equipment: 
1. List equipment for each system, organized alphabetically by system. For 


pieces of equipment not part of system, list alphabetically in separate list. 


E. Tables of Contents: 
1. Include every table of contents for each emergency, operation and 


maintenance manual. 


F. Identification: 
1. In the documentation directory and in each operation and maintenance 


manual, identify each system, subsystem, and piece of equipment with 
same designation used in the Construction Documents. If no designation 
exists, assign a designation according to American Society of Heating 
Refrigerating & Air Conditioning Engineers (ASHRAE) Guideline 4, 
"Preparation of Operating and Maintenance Documentation for Building 
Systems." 


G. All documents to be word searchable, scanned images of text will not be acceptable. 
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3.4 MANUALS-GENERAL 


A. Organization: 
1. Unless otherwise required, organize each manual into a separate section for 


each system and subsystem, and a separate section for each piece of 
equipment not part of a system. 


2. Each manual must contain the following materials, in the order listed: 
a. Title page. 
b. Table of contents. 
c. Manual contents. 


B. Title Page: 
1. Enclose title page in transparent plastic sleeve. Include the following 


information: 
a. Subject matter included in manual. 
b. Name and address. 
c. Date of submittal. 
d. Name, address, and telephone number of Design-Builder. 
e. Cross-reference to related systems in other operation and 


maintenance manuals. 


C. Table of Contents: 
1. List each product included in manual, identified by product name, indexed to 


the content of the volume, and cross-referenced to Specification Section 
number in Project Manual. 


2. If operation or maintenance documentation requires more than one volume 
to accommodate data, include comprehensive table of contents for all 
volumes in each volume of the set. 


D. Manual Contents: 
1. Organize into sets of manageable size.  Arrange contents alphabetically by 


system, subsystem, and equipment.  If possible, assemble instructions for 
subsystems, equipment, and components of one system into a single 
binder. 


2. Binders: Heavy-duty, 3-ring, vinyl-covered, loose-leaf D-ring binders, in 
thickness necessary to accommodate contents, sized to hold 8-1/2” by 11” 
paper; with clear plastic sleeve on spine to hold label describing contents 
and with pockets inside covers to hold folded oversize sheets. 
a. If two or more binders are necessary to accommodate data of a 


system, organize data in each binder into groupings by subsystem 
and related components. Cross-reference other binders if necessary 
to provide essential information for proper operation or maintenance 
of equipment or system. 


b. Identify each binder on front and spine, with printed title 
"OPERATION AND MAINTENANCE MANUAL," Project title or 
name, and subject matter of contents. Indicate volume number (and 
volume count) for multiple-volume sets. 


3. Dividers: Heavy-paper dividers with plastic-covered tabs for each Section. 
Mark each tab to indicate contents. Include typed list of products and major 
components of equipment included in the Section on each divider, cross-
referenced to Specification Section number and title of Project Manual. 


4. Protective Plastic Sleeves: Transparent plastic sleeves designed to enclose 
diagnostic software diskettes for computerized electronic equipment. 
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5. Supplementary Text: Prepared on 8-1/2-by-11-inch white bond paper. 
6. Drawings: Attach reinforced, punched binder tabs on drawings and bind with 


text. 
a. If oversize drawings are necessary, fold drawings to same size as 


text pages and use as foldouts. 
b. If drawings are too large to be used as foldouts, fold and place 


drawings in labeled envelopes and bind envelopes in rear of 
manual. At appropriate locations in manual, insert typewritten pages 
indicating drawing titles, descriptions of contents, and drawing 
locations. 


3.5 EMERGENCY MANUALS 


A. Content: 
1. Organize manual into a separate section for each of the following: 


a. Type of emergency. 
b. Emergency instructions. 
c. Emergency procedures. 


B. Type of Emergency: 
1. Where applicable for each type of emergency required below, include 


instructions and procedures for each system, subsystem, piece of 
equipment, and component: 
a. Fire. 
b. Flood. 
c. Gas leak. 
d. Water leak. 
e. Power failure. 
f. Water outage. 
g. System, subsystem, or equipment failure. 
h. Chemical release or spill. 


C. Emergency Instructions: 
1. Describe and explain warnings, trouble indications, error messages, and 


similar codes and signals. Include responsibilities of the Owner for 
notification of Installer, supplier, and manufacturer to maintain warranties. 


D. Emergency Procedures: 
1. Include the following, as applicable: 


a. Instructions on stopping. 
b. Shutdown instructions for each type of emergency. 
c. Operating instructions for conditions outside normal operating limits. 
d. Required sequences for electric or electronic systems. 
e. Special operating instructions and procedures. 


3.6 OPERATION MANUALS 


A. Content: 
1. In addition to requirements in this Section, include operation data required in 


individual Specification Sections and the following information: 
a. Contacts. 


1) List names, 
2) Addresses, 
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3) Phone numbers (direct contact, where possible) 
4) Email addresses. 


b. System, subsystem, and equipment descriptions. 
c. Performance and design requirement if Design-Builder is delegated 


design responsibility. 
d. Operating standards. 
e. Operating procedures. 
f. Operating logs. 
g. Wiring diagrams. 
h. Control diagrams. 
i. Piped system diagrams. 
j. Precautions against improper use. 
k. License requirements including inspection and renewal dates. 


B. Descriptions: 
1. Include the following: 


a. Product name and model number. 
b. Manufacturer's name. 
c. Equipment identification with serial number of each component. 
d. Equipment function. 
e. Operating characteristics. 
f. Limiting conditions. 
g. Performance curves. 
h. Engineering data and tests. 
i. Complete nomenclature and number of replacement parts. 


C. Operating Procedures: 
1. Include the following, as applicable: 


a. Startup procedures. 
b. Equipment or system break-in procedures. 
c. Routine and normal operating instructions. 
d. Regulation and control procedures. 
e. Instructions on stopping. 
f. Normal shutdown instructions. 
g. Seasonal and weekend operating instructions. 
h. Required sequences for electric or electronic systems. 
i. Special operating instructions and procedures. 


D. Systems and Equipment Controls: 
1. Describe the sequence of operation, and diagram controls as installed. 


E. Piped Systems: 
1. Diagram piping as installed, and identify color-coding where required for 


identification. 


3.7 PRODUCT MAINTENANCE MANUAL 


A. Content: 
1. Organize manual into a separate section for each product, material, and 


finish. Include source information, product information, maintenance 
procedures, repair materials and sources, and warranties and bonds, as 
described below. 
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B. Source Information: 
1. List each product included in manual identified by product name and 


arranged to match manual's table of contents. For each product, list name, 
address, and telephone number of Installer or supplier and maintenance 
service agent, and cross-reference Specification Section number and title in 
Project Manual. 


C. Product Information: 
1. Include the following, as applicable: 


a. Product name and model number. 
b. Manufacturer's name. 
c. Color, pattern, and texture. 
d. Material and chemical composition. 
e. Reordering information for specially manufactured products. 


D. Maintenance Procedures: 
1. Include manufacturer's written recommendations and the following: 


a. Inspection procedures. 
b. Types of cleaning agents to be used and methods of cleaning. 
c. List of cleaning agents and methods of cleaning detrimental to 


product. 
d. Schedule for routine cleaning and maintenance. 
e. Repair instructions. 


E. Repair Materials and Sources: 
1. Include lists of materials and local sources of materials and related services. 


F. Warranties and Bonds: 
1. Include copies of warranties and bonds and lists of circumstances and 


conditions that would affect validity of warranties or bonds. 
2. Include procedures to follow and required notifications for warranty claims. 


3.8 SYSTEMS AND EQUIPMENT MAINTENANCE MANUAL 


A. Content: 
1. For each system, subsystem, and piece of equipment not part of a system, 


include source information, manufacturers' maintenance documentation, 
maintenance procedures, maintenance and service schedules, spare parts 
list and source information, maintenance service contracts, and warranty 
and bond information, as described below. 


B. Source Information: 
1. List each system, subsystem, and piece of equipment included in manual 


identified by product name and arranged to match manual's table of 
contents. For each product, list name, address, and telephone number of 
Installer or supplier and maintenance service agent, and cross-reference 
Specification Section number and title in Project Manual. 


C. Manufacturer’s Maintenance Documentation: 
1. Manufacturers' maintenance documentation including the following 


information for each component part or piece of equipment: 
a. Standard printed maintenance instructions and bulletins. 
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b. Drawings, diagrams, and instructions required for maintenance, 
including disassembly and component removal, replacement, and 
assembly. 


c. Identification and nomenclature of parts and components. 
d. List of items recommended to be stocked as spare parts. 


D. Maintenance Procedures: 
1. Include the following information and items that detail essential maintenance 


procedures: 
a. Test and inspection instructions. 
b. Troubleshooting guide. 
c. Precautions against improper maintenance. 


2. Disassembly; component removal, repair, and replacement; and reassembly 
instructions. 


3. Aligning, adjusting, and checking instructions. 
4. Demonstration and training videotape, if available. 


E. Maintenance and Service Schedules: 
1. Include service and lubrication requirements, list of required lubricants for 


equipment, and separate schedules for preventive and routine maintenance 
and service with standard time allotment. 


2. Scheduled Maintenance and Service: Tabulate actions for daily, weekly, 
monthly, quarterly, semiannual, and annual frequencies. 


3. Maintenance and Service Record: Include manufacturers' forms for 
recording maintenance. 


F. Spare Parts List and Source Information: 
1. Include lists of replacement and repair parts, with parts identified and cross-


referenced to manufacturers' maintenance documentation and local sources 
of maintenance materials and related services. 


G. Maintenance Service Contracts: 
1. Include copies of maintenance agreements with name and telephone 


number of service agent. 


H. Warranties and Bonds: 
1. Include copies of warranties and bonds and lists of circumstances and 


conditions that would affect validity of warranties or bonds. 
2. Include procedures to follow and required notifications for warranty claims. 


3.9 SUBMITTAL REQUIREMENTS 


A. The Project Proposal is not transferable to another Project Proposer.  The Project 
Proposal must be submitted in the same name style and manner as is used on 
Contractor’s license (or Joint Venture license as applicable).  If a Project Proposal is 
submitted by an individual, name and postal address must be shown; if made by a 
firm or partnership, the name and postal address of the firm or partnership, and the 
signature of one or both partners must be shown; if made by a corporation, Project 
Proposal must show name of Owner’s Representative under the laws of which the 
corporation was chartered, name of the corporation and title of the person who signs 
on behalf of the corporation.  Corporate seal must be used. 
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B. Enhancements: The Performance Criteria identified in the Request for Proposal are 
minimum functional and operational requirements.  To demonstrate the best value 
for the Owner encourages Proposers to submit enhancements to the RFP.  All 
enhancements must be uniquely identified in the Project Proposals with detailed 
explanations of their benefits to the Owner, including, but not limited to a narrative, 
affected RFP section references, new performance criteria, new concept drawings, 
quality descriptions, and/or life cycle cost/benefit analysis as applicable.  Schedule 
enhancements must be accompanied by detailed schedule information complying 
with the schedule submittal requirements dictated by the RFP.  The Owner retains 
the right to refuse any and all enhancements and upgrades proposed. 


3.10 PRODUCT CERTIFICATIONS  


A. Where specifically indicated by pertinent Specification Sections, submit proper 
certification by recognized producer or association.  Certifications must attest to 
product's compliance with requirements of the Contract Documents. 


3.11 SHOP DRAWINGS  


A. Submittals must be made in electronic and hard copy form and include one 
reproducible transparency of each original and 3 prints of each transparency, name 
and location of Project, name of Design-Builder, work order and Agreement 
numbers and cross references to Agreement documents.  Number shop drawings 
consecutively.  Make drawings legible and complete in every respect.  Electronic 
drawing submittals must be in consistent AutoCAD or Revit format. 


B. If Shop Drawings show variations from Agreement requirements because of 
standard shop practice or other reason, make specific mention of such variations in 
letter of transmittal, as well as on drawings, in order that (if acceptable) suitable 
action may be taken for proper adjustment of the Design-Build Agreement.  Unless 
specific changes have been noted and accepted, no deviations from the Contract 
Documents will be permitted. 


C. Transparencies will be returned to Design-Builder for Design-Builder’s reproduction 
and use. 


3.12 PRODUCT DATA/MATERIAL LISTS 


A. Manufacturer's Standard Schematic Drawings: 
1. Modify drawings to delete information which is not applicable to Project. 
2. Supplement standard information to provide additional information 


applicable to Project. 


B. Manufacturer's catalog sheets, brochures, diagrams, schedules, performance 
charts, illustrations and other standard descriptive data: 
1. Clearly mark each copy to identify pertinent materials, products or models. 
2. Show dimensions and clearances required. 
3. Show performance characteristics and capacities. 
4. Show wiring diagrams and controls. 
5. Include calculations when applicable. 
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C. Material Safety Data Sheets (MSDS): Include for materials which require 
manufacturer’s warnings and application instructions listed on MSDS provided by 
the product manufacturer. 


3.13 SAMPLES  


A. Physical examples to illustrate materials, equipment or workmanship, and to 
establish standards by which completed work is judged. 


B. Where size of samples is not specified, office samples should be of sufficient size 
and quantity to clearly illustrate: 
1. Functional characteristics of product or material, with integrally related parts 


and attachment devices. 
2. After review, samples may be used in construction of Project. 


C. Field Samples and Mockups: 
1. Erect at Project site at location acceptable to Owner’s Representative, 


unless otherwise approved. 
2. Construct each sample or mockup complete, including work of all trades 


required in finished work. 
3. Within twenty (20) days after NTP, Design-Builder is required to provide 


Owner’s Representative with a comprehensive list of all Mock-ups to be 
completed at the Project.  Owner’s Representative will review and approve 
this list. 


3.14 SUBSTITUTIONS  


A. Written acceptance from the Owner’s Representative is required for implementation 
or utilization of any substitution. 
1. The Design-Build Agreement is based on materials, equipment and 


methods described in Criteria Documents. 
2. Owner’s Representative will consider proposals for alternative materials, 


equipment and methods only when such proposals are accompanied by full 
and complete technical data and all other information required by Owner’s 
Representative to evaluate proposed substitution. 


3. Do not use alternative materials, equipment or methods unless such 
substitution has been specifically accepted for this work by Owner’s 
Representative. 


B. Coordination: Acceptance of substitution will not relieve Design-Builder from 
responsibility for compliance with all requirements of the Design Requirements and 
Performance Specifications, and Design-Builder will be responsible, at Design-
Builder’s own expense, for changes in other parts of Design-Builder’s work or work 
of others which may be caused by acceptance of substitution. 


C. Proposed substitutions must be submitted no more than 30 days after Notice to 
Proceed.  All substitutions will be considered Action Submittals. 


D. Submit separate request for each product and support each request with: 
1. Product identification. 
2. Manufacturer’s representative name, address and contact information. 
3. Manufacturer’s literature. 
4. Samples, as applicable. 
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5. Detailed comparison of proposed product with specified product. 
6. Name, address, and scope of correctional facilities projects on which 


product has been used, and date of installation. 
7. Data relating to changes in construction schedule, if any. 
8. Data regarding difference in cost, if any, between specified item and 


proposed substitute item. 
9. Historical reliability and maintenance data. 
10. Life-cycle value compared to specified product. 
11. Warranty comparison to specified product. 


E. Substitute products will not be ordered without written acceptance of Owner’s 
Representative. 


F. Owner’s Representative will determine acceptability of proposed substitutions 
(alternatives) and reserves the right to reject proposals due to insufficient 
information. 


3.15 TECHNICAL PROPOSAL 


A. Critical Success Factors (CSF) are those issues that the Owner considers essential 
to the success of this Project, and are the core essence of the Proposer’s 
responsibility.  It is essential that the Proposer be responsive to the Owner in both 
the development of the response to the RFP and in the design and construction of 
the requirements of this Design-Build Project. 
1. Meet and/or exceed the minimum requirements of applicable Codes. 
2. Utilize the full capabilities of BIM to maximize the efficiency of the design 


process. 
3. Be consistent with the requirements of the Americans with Disabilities Act 


(ADA). 
4. Create a Project that is energy and water efficient. 
5. Thoroughly commission new systems to ensure efficient and reliable 


operation. 
6. Systematically furnish all required warranties, operation and maintenance 


manuals, and record documents and successfully transition and train facility 
staff, closing out the Project with no defects. 


7. Achieve a LEED Certification. 


B. Proposed Design: Prepare written documents listed below to depict the Proposer’s 
design in response to the Owner’s requirements.  The submittal requirements listed 
below are minimum requirements.  Proposer may submit additional materials in the 
Project Proposal.  Additional materials submitted by the Proposer may or may not be 
reviewed by the Owner at the Owner’s sole discretion.  Internet links to websites are 
not permitted.  Design narrative may include diagrams, graphic illustrations, 
conceptual sketches and ideas, exhibits, and photographic images.  Drawings 
format shall be 24” x 36” or 30” x 42”.  Floors plans, details, site plans, conceptual 
floor plans, etc. shall be no smaller than 1/8”=1’0” and no larger than 1/2”=1’0”. 
1. Provide individual technical approach plans, including backup 


documentation as appropriate, to identify the proposed types and operations 
of systems illustrating the best value for the Owner.  Technical approach 
plans are to include:  
a. Narrative(s) detailing the basic approach(es). 
b. Conceptual layout(s) of building systems. 
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c. Proposed systems including a description of types, efficiencies, 
quantities and capacities. 


d. Submit a Life Cycle Cost (LCC) analysis of proposed systems 
describing the Proposer’s approach for evaluating alternatives and 
developing cost effective designs, systems and components as part 
of sustainable design. Life-cycle benefit analyses must be shown as 
present value amounts using a 5.5% discount rate, 20-year life cycle 
period, 3% energy costs escalation rate, 3% personnel/staff 
escalation rate and 2% maintenance cost escalation rate. 


e. Approach to maintaining and servicing proposed systems. 
f. Narrative(s) outlining the proven track record(s) of the proposed 


systems and vendors including tried and tested processes, systems 
and capabilities. 


C. Sustainable Design 
1. A self-rated LEED v4 valuation that identifies all achievable “yes” credits and 


potential “maybe” credits for achieving the minimum LEED certification as 
stipulated in the criteria documents.  Consideration should be given to points 
potentially being lost during the design and construction process to achieve 
the minimum. 


2. Identify key players who are responsible for designing, implementing and 
documenting each LEED credit attempted.   


3. Identify the LEED Accredited Professional, their experience with LEED 
Certified projects and describe in detail the role this individual will play on 
the Design-Builder’s Team. 


4. Describe, through narrative, the approach that will be taken to achieve each 
of the LEED credits the Design-Builder is proposing.  Provide RFP 
Document references for each credit.  Provide additional drawings and/or 
materials necessary to describe the strategy.  Provide additional 
Performance Criteria and Concept drawings required for achieving LEED 
credits if they are not provided in the RFP Performance Criteria. 


5. Hard and soft calculations which demonstrate the level of energy efficiency, 
as well as a statement regarding the Proposers’ experience in using such 
programs.  Submit a Life Cycle Cost (LCC) analysis of proposed systems 
describing the Proposer’s approach for evaluating alternatives and 
developing cost effective designs, systems and components as part of 
sustainable design. Life-cycle benefit analyses must be shown as present 
value amounts using a 5.5% discount rate, 20-year life cycle period, 3% 
energy costs escalation rate, 3% personnel/staff escalation rate and 2% 
maintenance cost escalation rate.  


6. Describe the internal process the team will implement as well as the 
documentation that the team will propose to include as part of the final 
submittal for the USGBC.  


7. Outlines and narratives for the following documents: Construction Waste 
Management Plan and an Indoor Air Quality Management Plan.  


D. Enhancements 
1. An enhancement is a demonstrated benefit to the Site Project that is beyond 


the minimum requirements established in the RFP. 
2. RFP specifications and drawings are the minimum standards that must be 


implemented under this Site Project.  All enhancements must be of high 
quality. 
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3. Compliance with State and Local mandated energy and water conservation 
codes and ordinances are the minimum requirements. 


4. LEED certification is not considered an enhancement. 
5. The RFP represents the minimum requirement of the Site Project and an 


item will not be considered an enhancement if it is utilized to meet an “or 
equal” requirement. 


6. The Owner retains the right to refuse any enhancements or upgrades 
proposed. 


7. For each enhancement, submit the following:  
a. A unique enhancement identification number. 
b. A narrative description of the enhancement. 
c. A list of benefits to the Owner. 
d. Affected RFP section references and changes (if applicable). 
e. New performance criteria (if applicable). 
f. New concept drawings (if applicable). 
g. A comparison between the RFP requirements and the proposed 


enhancement. 
h. Cost benefit analysis (if applicable). 


3.16 OPERATION AND MAINTENANCE MANUAL PREPARATION 


A. Operation and Maintenance Documentation Directory: 
1. Prepare a separate manual that provides an organized reference to 


emergency, operation, and maintenance manuals. 


B. Emergency Manual: 
1. Assemble a complete set of emergency information indicating procedures 


for use by emergency personnel and by the Owner staff for types of 
emergencies required. 


C. Product Maintenance Manual: 
1. Assemble a complete set of maintenance data indicating care and 


maintenance of each product, material, and finish incorporated into the 
Work. 


D. Operation and Maintenance Manuals: 
1. Assemble a complete set of operation and maintenance data indicating 


operation and maintenance of each system, subsystem, and piece of 
equipment not part of a system. 


2. Engage a factory-authorized service representative to assemble and 
prepare information for each system, subsystem, and piece of equipment 
not part of a system. 


3. Prepare a separate manual for each system and subsystem, in the form of 
an instructional manual. 


4. Prepare a recommended general overall preventative maintenance manual 
and include a schedule. 


E. Manufacturers' Data: 
1. Where manuals contain manufacturers' standard printed data, include only 


sheets pertinent to product or component installed.  Mark each sheet to 
identify each product or component incorporated into the Work.  If data 
include more than one item in a tabular format, identify each item using 







SAN DIEGO STATE UNIVERSITY         SECTION 260100 
EIS COMPLEX                       ELECTRICAL DESIGN-BUILD INSTRUCTIONS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 260100 - 41 Michael Wall Engineering 


appropriate references from the Construction Documents.  Identify data 
applicable to the Work and delete references to information not applicable. 


2. Prepare supplementary text if manufacturers' standard printed data are not 
available and where the information is necessary for proper operation and 
maintenance of equipment or systems. 


F. Drawings: 
1. Prepare drawings supplementing manufacturer’s printed data to illustrate 


the relationship of component parts of equipment and systems and to 
illustrate control sequence and flow diagrams.  Coordinate these drawings 
with information contained in Record Drawings to ensure correct illustration 
of completed installation. 


2. Do not use original Construction Documents as part of operation and 
maintenance manuals. 


3. Comply with requirements of newly prepared Record/As-Built Drawings. 


3.17 DEMONSTRATION AND TRAINING PREPARATION 


A. General: 
1. Assemble educational materials necessary for instruction, including 


documentation and training module. Assemble training modules into a 
combined training manual. 


2. Set up instructional equipment at instruction location. 
3. Script training module video clips to focus on defined staff Trade and Level. 


3.18 TRAINING INSTRUCTION 


A. Facilitator: 
1. Engage a qualified facilitator to prepare instruction program and training 


modules, to coordinate instructors, and to coordinate between Design-
Builder and the Owner for number of participants, instruction times, and 
location. 


B. Instructors: 
1. Engage qualified instructors to instruct the Owner’s staff to adjust, operate, 


and maintain systems, subsystems, and equipment not part of a system. 


C. Scheduling: 
1. Provide instruction at mutually agreed upon times.  For equipment that 


requires seasonal operation, provide similar instruction at start of each 
season. 


2. Design-Builder must coordinate with the Owner to create as comprehensive 
an overall training schedule as possible to facilitate the limited numbers of 
Owner staff that must be trained in all aspects of the new building.  
Schedule training with the Owner with at least twenty-one (21) calendar 
days advance notice. 


D. Evaluation: 
1. At conclusion of each training module, assess and document each 


participant's mastery of module by use of an oral, written, or demonstration 
performance-based test, as applicable. 
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E. Cleanup: 
1. Collect used and leftover educational materials and give to Owner. Remove 


instructional equipment. Restore systems and equipment to condition 
existing before initial training use. 


F. Post Video Editing: 
1. Instructor to edit transcript so as to identify video clips that are targeted for 


different Operation and Maintenance (O&M) sections. 


3.19 DEMONSTRATION AND TRAINING VIDEOINTERACTIVE DVD’S 


A. General: 
1. Engage a qualified videographer to record all demonstration and training 


video DVDs.  Record each training module separately.  Include classroom 
instructions and demonstrations, board diagrams, and other visual aids, but 
not student practice. 


2. At beginning of each training module, record each chart containing learning 
objective and lesson outline. 


B. DVD Format: 
1. Provide high-quality color DVDs with hard plastic snap-case for each. 
2. All videos are to be shot by the same videographer. 


C. Cameras: 
1. Provide cameras with a minimum resolution of 1080i High-definition at 30 


frames per second. 
2. Cameras to be mounted on fluid head tripods. 


D. Camera Setup: 
1. Two identical cameras are to be used. 
2. Camera one is a medium to wide shot which includes the trainer and display 


materials, white board, charts, etc.  Camera does minimal panning and 
zooming.  Camera one is the default camera: All footage from camera one 
to be continuously usable. A lavaliere (lapel) microphone, should be 
connected to Camera one. 


3. Camera two is a close-up camera capturing details of whiteboards, 
machinery and, controls, etc.  Camera two is outfitted with a medium-length 
shotgun microphone for clean back-up sound on audio channel 1.  Audio 
channel 2 on Camera two is outfitted with second microphone at director’s 
station for scene descriptions and notes. 


4. Both cameras shoot continuously to ease synchronization in editing. 
5. Supplemental lighting may be required depending on room size/on-site or 


details being filmed. 


E. Video Format: 
1. Window Dubs: Provide minimum standard definition (SD) resolution, full 


color, on DVD, or suitable 2006 format. 
2. Original Footage: High definition (HD) Digital video (DV) at full camera 


resolution. 


F. Recording: 
1. Mount camera one on tripod before starting recording.  Display continuous 


running time. 
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2. Mount camera two on tripod before starting recording, unless otherwise 
necessary to show area of demonstration and training.  Display continuous 
running time. 


3. Shoot a slate at start of each session including Module, Trainer, Location, 
Date and Time. 


G. Narration: 
1. Describe scenes on video DVD by audio narration by microphone while 


video DVD is recorded, or by dubbing the sound after recording, whichever 
gives better results and clarity.  Include description of items being viewed.  
Describe vantage point, indicating location, direction (by compass point), 
and elevation or story of construction. 


H. Transcript: 
1. Provide a typewritten transcript of the narration.  Display images and 


running time captured from video DVD opposite the corresponding narration 
segment. 


2. Transcripts to be generated from window dubs (raw video footage). 
3. Raw transcript to be delivered to the trainer for marking of the video, tagging 


with the trade and level information and any content edits, for each video 
clip. 


4. Trainer content edits to be incorporated into final transcript. 


I. Video Editing Products & Organization: 
1. Required Products: 


a. Clips edited and compressed for use with local-network training 
stations. 


b. Clips edited and compiled into DVDs & HD DVDs for alternate 
training methods. (Classroom, offsite, etc.) 


c. Edit video into clips per trainers edits of transcript. Name clips so as 
to facilitate compilation by trade and level. (Example: M16T05L03) 


d. A five second title card to appear at front of each clip identifying: 
Trade, Level, O&M section, instructor, facility, and date of recording. 


2. Compile video clips by sequence, trade and level into the following movies.  
Provide menu for access by the following selections on DVDs & HD DVDs: 
a. Entire module in sequence. 
b. By Trade: Where more than one trade is identified in the module 


assemble the clips in sequence for that trade. 
c.  By Level: Where more than one level is identified in the module, 


assemble the clips in sequence for that level. 
d. By O&M documentation section. 


3.20 ELECTRONIC DOCUMENTATION LINKING 


A. Hyperlink each training module video clip to the corresponding section of the 
narration and corresponding O&M document section. 


3.21 SPECIAL TRAINING REQUIREMENTS FOR MECHANICAL EQUIPMENT 


A. Training Responsibilities: 
1. Require that the mechanical subcontractor be responsible for mechanical 


training coordination, scheduling and ultimately to ensure that training is 
completed. 
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a. Provide designated Owner personnel with a comprehensive training 
plan for mechanical equipment two months before the planned 
training. 


b. Provide the Owner with comprehensive orientation and training in 
the understanding of the systems and the operation and 
maintenance of each piece of mechanical equipment including, but 
not limited to, chillers, boilers, pumps, air handling units, fans, 
terminal units and controls systems, etc. 


2. Start training with classroom sessions followed by hands-on training on 
each piece of equipment, which must illustrate the various modes of 
operation, including startup, shutdown, fire/smoke alarm, power failure, etc. 


3. If during demonstration the system fails to perform in accordance with the 
requirements of the O&M manual or sequence of operations, repair or adjust 
the system as necessary and repeat the demonstration. 


4. Engage the appropriate trade or manufacturer’s representative to provide 
the instructions on each major piece of equipment. This person may be the 
start-up technician for the piece of equipment, the installing Design-Builder 
or manufacturer’s representative. Practical building operating expertise as 
well as in-depth knowledge of all modes of operation of the specific piece of 
equipment is required. More than one party may be required to execute the 
training. 


5. The controls subcontractor must attend sessions other than the controls 
training, as requested, to discuss the interaction of the controls system as it 
relates to the equipment being discussed. 


6. The training sessions must follow the outline in the Table of Contents of the 
operation and maintenance manual and illustrate whenever possible the use 
of the O&M manuals for reference. 


7. Training must include: 
a. Use of the printed installation, operation and maintenance 


instruction material included in the O&M manuals. This material 
must be submitted and approved prior to being used in training. 


b. A review of the written O&M instructions emphasizing safe and 
proper operating requirements, preventative maintenance, special 
tools needed and spare parts inventory suggestions. The training 
must include start-up, operation in all modes possible, shut-down, 
seasonal changeover and any emergency procedures. 


c. Discussion of relevant health and safety issues and concerns. 
d. Discussion of warranties and guarantees. 
e. Common troubleshooting problems and solutions. 
f. Explanatory information included in the O&M manuals and the 


location of all plans and manuals in the facility. 
g. Discussion of any peculiarities of equipment installation or 


operation. 
h. The format and training agenda in “The Commissioning Process,” 


ASHRAE Guideline 2005 is recommended. 
i. Classroom sessions must include the use of overhead projections, 


slides, video/audio DVD material as might be appropriate. 
j. Hands-on training must include start-up, operation in all modes 


possible, including manual, shut-down and any emergency 
procedures and preventative maintenance for all pieces of 
equipment. 
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k. The mechanical Design-Builder must fully explain and demonstrate 
the operation, function and overrides of any local packaged 
controls, not controlled by the central control system. 


l. Training must occur after functional testing is complete, unless 
approved otherwise by the Owner. 


m. Require the mechanical Design-Builder to provide training on each 
piece of equipment according to the requirements identified in the 
Performance Specifications. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 GENERAL   

		A. Prior to submitting a proposal, the Design-Build Project Proposers must carefully examine these instructions contained herein and satisfy themselves as to the conditions with which they (each Project Proposer) must comply and the conditions affecting award of the Proposal Agreement. These instructions form part of the Contract Documents and will have the same force as any other Contract Document.

		B. Design-Build Project Proposers must be aware of the requirements of codes referenced in the instructions and in the Contract Documents.  Project Proposers may access codes and laws through publications or through the internet

		C. Proposals must be addressed as directed in the Division 1 for Invitation to Submit Proposal.



		1.2 DESIGN-BUILD SCOPE

		A. As a minimum the engineering design shall include, but not be limited to, the following documentation:

		1. Electrical.

		a. Load calculations.

		b. Utility coordination and coordinated site plans.

		c. Site lighting with photometrics.

		d. One-line diagram.

		e. Electrical and lighting floor plans.

		f. Coordination study with breaker settings.

		g. Fault analysis.

		h. Lighting control schematic.

		i. Panel schedules.

		j. Details.







		1.3 REFERENCES

		A. The publications listed below form a minimum part of this specification to the extent referenced. The current editions of the publications are referred to in the text by the basic designation only.

		1. ASTM A 880 - Criteria for Use in Evaluation of Testing Laboratories and Organizations for Examination and Inspection of Steel, Stainless Steel, and Related Alloys

		2. ASTM C 1077 Laboratories Testing Concrete and Concrete Aggregates for Use In Construction and Criteria for Laboratory Evaluation

		3. ASTM D 3666 (Rev. A) - Evaluating and Qualifying Agencies Testing and Inspecting Bituminous Paving Materials

		4. ASTM D 3740 - Evaluation of Agencies Engaged in the Testing and/or Inspection of Soil and Rock as Used in Engineering Design and Construction

		5. ASTM E 329 - Evaluation of Testing and Inspection Agencies as Used in Construction

		6. ASTM E 543 (Rev. A) - Determining the Qualification of Non-Destructive Testing Agencies

		7. ASHRAE – American Society of Heating, Refrigeration, and Air Conditioning Engineers

		8. AWS – American Welding Society

		9. SMACNA – Sheet Metal and Air Conditioning Design Builders National association

		10. ACI – American Concrete Institute

		11. AABC – American Air Balance Council

		12. IESNA – Illuminating Engineering Society of North America

		13. NETA – International Electrical Test and Acceptance Association

		14. IEEE – Institute of Electrical and Electronic Engineers

		15. All other standards as referenced throughout this set of specification





		1.4 REGULATORY REQUIREMENTS

		A. General:

		1. All applicable Federal, State and local requirements will govern the construction and completion of the Work; all must be current enforced editions.



		B. Copies of Regulations:

		1. Copies of the applicable regulations and codes, Federal and State to be retained at site to be available for reference by parties who have a reasonable need.



		C. Enforcement:

		1. References in the Agreement Documents to "code" or to "building code" not otherwise identified will mean the foregoing specified codes, together with the additions, changes, amendments and interpretations adopted by the enforcing agency, and in effect on the date the Agreement is executed.

		2. Nothing on the Agreement Documents will be interpreted as requiring or permitting work that is contrary to these rules, regulations and codes.

		3. Where other codes or standards are referenced in the Agreement Documents, the affected work must meet or exceed the applicable requirements of such codes and standards.

		4. The code, specification or standard referred to will have full force and effect as though printed in the Agreement Documents, except as modified.

		5. Where the Agreement Documents call for or describe materials, work quality or construction of a better quality, higher standard or larger size than is required by said laws, codes, rules and regulations, the provisions of the Agreement Documents will take precedence over said laws, codes, rules and regulations.



		D. Other Applicable Laws and Regulations:

		1. Applicable Federal and State laws, and the rules and regulations of governing utility districts and the various other authorities having jurisdiction over the construction and completion, including the latest rules and regulations of the State Labor Code, will apply to the Agreement throughout, and they will be deemed to be included in the Agreement the same as though printed in the Agreement Documents.

		2. If laws, ordinances, rules, regulations or orders of public agency having jurisdiction require work to be inspected, tested or approved by some authority other than the Owner or Design-Builder, the Design-Builder must give required notices and make arrangements, deliver to the Owner’s Representative the certificates of inspection, test, or approval of such public agency, and pay costs therefore unless otherwise provided in the Agreement Documents.





		1.5 CONFLICTING REQUIREMENTS

		A. General:

		1. If compliance with two or more standards is specified and the standards establish different or conflicting requirements for minimum quantities or quality levels, comply with the most stringent requirement.  Refer uncertainties and requirements that are different, but apparently equal, to Owner’s Representative for a decision before proceeding.



		B. Minimum Quantity or Quality Levels:

		1. The quantity or quality level shown or specified must be the minimum provided or performed.  The actual installation may comply exactly with the minimum quantity or quality specified, or it may exceed the minimum within reasonable limits.  To comply with these requirements, indicated numeric values are minimum or maximum, as appropriate, for the context of requirements.  Refer uncertainties to Owner’s Representative for a decision before proceeding.





		1.6 COMPETENCE OF PROPOSERS

		A. License: No Project Proposer may propose on work of a kind for which Project Proposer is not properly licensed, and any such proposal received will be rejected.  The Proposal must contain the Design-Build Entity’s Contractor’s license number, date of expiration, and signature to a statement that representations of the Proposal with respect to Project Proposer’s license are made under penalty of perjury. 

		1. If Project Proposer is a joint venture, each individual member within the joint venture submitting the Proposal will be subject to the above requirements with respect to Contractor’s individual licensure.  Additionally, the joint venture must have a valid license as a “Joint Venture” in the State where the project is located.



		B. Design Consultant/Sub-Consultant Licenses: No Project Proposer may propose on work of a kind for which Project Proposer is not properly licensed by the appropriate License Boards, and any such Proposal received will be rejected.  Proposals must contain registration numbers, dates of expiration, and signatures to a statement that representations of the proposal with respect to the professional and business licenses are made under penalty of perjury.



		1.7 EXAMINATION OF PROPOSAL DOCUMENTS AND PROJECT SITE 

		A. Project Proposers Responsibility: Project Proposer must carefully examine the site of the Work and the Request for Proposal package.  By submitting a Proposal, Project Proposer acknowledges that Project Proposer understands the character, quality and quantity of site conditions or obstacles to be encountered insofar as this information is reasonably ascertainable from an inspection of the site, including all exploratory work done by the General Contractor, as well as from information presented in the Request for Proposal and information available to the Project Proposer. 

		B. Site Investigations: Project Proposers must perform their own site investigations at their own expense.  Damage to existing utilities must be repaired at the Project Proposer’s expense.  To avoid conflict with the work of other Project Proposers, as well as other contractors, arrangements for site investigations must be made through the Owner’s Representative.

		C. Responsibility for Utilities: Project Proposer will be responsible at its sole cost for any and all work, expense or special precautions caused or required by existing or proximity of existing utilities shown or indicated on or in the RFP documents and encountered in performing the Work, including, and without limitation thereon, repair of damage and performing hand or exploratory excavation required.  Project Proposer is cautioned that such utilities may include communication cables or electrical cables (which may be high voltage), and ducts enclosing such cables, and when working or excavating in the vicinity thereof, special precautions to be observed at Project Proposers cost.  All such cables and their enclosure ducts will be exposed by careful hand excavation so as not to damage ducts or cables, nor cause injury to persons.  Suitable warning signs, barricades and safety devices must be erected, as necessary or required.

		D. Failure by Project Proposer to acquaint itself with available information will not relieve Project Proposer from responsibility for properly estimating the difficulty or cost of successfully performing the Work.



		1.8 PROPOSAL QUESTIONS

		A. RFI’s and Responses: Project Proposers are encouraged to submit questions.  Questions must be submitted in writing, by email (preferred), delivery service, or mail to Owner’s Representative.

		1. Written questions may be submitted at any time, but must be submitted no later than seven (7) calendar days at 4:00 PM prior to bid closing date.  The Project Proposer must provide a minimum of three (3) business days for response by the Owner’s Representative.  No responses will be accepted within 72 hours of the bid closing date and time.

		2. To expedite responses, Project Proposers are requested to provide their questions via email, with questions detailed in an Excel spreadsheet with the following headings: Date, Subject, Specification Section/Paragraph or Drawing Sheet Number, Question (formatted sizes of cells unimportant – please make them legible).



		B. Proposal Interviews: The Owner’s Representative will conduct Proposal Interviews to confirm information provided in Project Proposals submitted by the Project Proposers.  This may also be another opportunity for Owner’s Representative to request additional clarification.



		1.9 SUBMITTAL PROCEDURES 

		A. General:

		1. Submittals may be forwarded entirely via electronic means.

		2. Partial submittals are not acceptable, and will be considered non-responsive, and will be returned without review.

		3. Submittals not required by the Agreement Documents may not be reviewed and may be discarded.

		4. The specific content and format requirements for the standard submittals are detailed herein and in the individual Specification Sections.  The electronic form will be compiled in the most current form of Adobe Acrobat, Release 9.0 or better, or Bluebeam Revu, Release 10.0 or better.  The electronic file will be bookmarked according to its Table of Contents, but will contain no less than the book marking identification in descending order of section, system, subsystem, equipment, component, etc., where applicable.  The goal is to make the submittals both manageable and user friendly for the Owner’s use.

		5. Drawing submittals must be in Computer-Aided Design (CAD) format, AutoCAD 2013. or better, or Revit 2013 or better.

		6. Prior to the implementation of the design work and prior to the formal submittal process, provide a list and cut sheets of all major mechanical and electrical equipment to the Owner’s Representative for review and approval along with the preliminary system calculations that together will drive the mechanical and electrical design and layout.



		B. Coordination:

		1. Coordinate preparation and processing of submittals with performance of construction activities.

		2. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, and related activities that require sequential activity.

		3. Coordinate multidiscipline design phase submittals and construction documents prepared the design professionals of record.

		4. Coordinate transmittal of different types of submittals for related parts of the Work so processing will not be delayed because of need to review submittals concurrently for coordination.



		C. Submittals Schedule:

		1. Coordinate with Division 1 requirements for Project Management and Coordination for list of submittals and time requirements for scheduled performance of related construction activities.

		2. Submit all Basis of Design submittals together for all disciplines and prior to the start of any construction activity.  Subsequent Construction Document submittals can be submitted in phases prior to construction activity related to that phase.



		D. Processing Time:

		1. Allow enough time for submittal review, including time for resubmittals, per the following.  Time for review will commence on receipt of submittal.  No extension of the Agreement Time will be authorized because of failure to transmit submittals enough in advance of the Work to permit processing, including resubmittals. 

		2. Initial Review: Allow at least twenty (20) working days for initial review of each submittal. Allow an additional ten (10) days of time if coordination with subsequent submittals is required from the receipt of the subsequent submittal.  Construction Manager will advise Design-Builder when a submittal being processed must be delayed for coordination.

		3. Intermediate Review: If intermediate submittal is necessary, process it in same manner as initial submittal.

		4. Re-submittal Review: Allow ten (10) working days for review of each resubmittal.



		E. Identification:

		1. Place a permanent label or title block on each submittal for identification.

		2. Indicate name of firm or entity that prepared each submittal on label or title block.

		3. Provide a space on label or beside title block to record Design-Builder’s review and approval markings and action taken by the Owner’s Representative.

		4. Include the following information on label for processing and recording action taken:

		a. Project name.

		b. Date.

		c. Name and address of Design-Builder.

		d. Name and address of subcontractor, including design professionals for design phase submittals.

		e. Name and address of supplier.

		f. Name of manufacturer.

		g. Submittal number or other unique identifier, including revision identifier.  Submittal number must use Performance Specification Section number followed by a decimal point and then a sequential number (e.g., 236400.01).  Resubmittals must include an alphabetic suffix after another decimal point (e.g., 236400.01.A).

		h. Number and title of appropriate Performance Specification Section.

		i. Drawing number and detail references, as appropriate.

		j. Location(s) where product is to be installed, as appropriate.

		k. Other necessary identification.





		F. Deviations:

		1. Highlight, encircle, or otherwise specifically identify deviations from the Agreement Documents on submittals. 



		G. Copies:

		1. Action Submittals: 

		a. General: Submit three (3) copies to Owner’s Representative.  The Owner’s Representative will return two (2) copies.

		b. Samples: Submit three (3) full sets. The Owner’s Representative will return two (2) sets.

		c. Operation and Maintenance Manuals: Submit two (2) copies to Owner’s Representative. 

		d. Project Record Documents: Submit two (2) copies to Owner’s Representative.

		e. Demonstration and Training: Submit two (2) copies to Owner’s Representative. 





		H. Transmittal:

		1. Package each submittal individually and appropriately for transmittal and handling.  Transmit each submittal using a transmittal form.

		2. Transmittal Form: Include the following information: 

		a. Project name.

		b. Date.

		c. Destination (To:).

		d. Source (From:).

		e. Names of subcontractor, manufacturer, and supplier.

		f. Category and type of submittal.

		g. Submittal purpose and description.

		h. Performance Specification Section number and title.

		i. Drawing number and detail references, as appropriate.

		j. Transmittal number, numbered consecutively.

		k. Submittal and transmittal distribution record.

		l. Remarks.

		m. Signature of transmitter.



		3. On an attached separate sheet, prepared on Design-Builder’s letterhead, record relevant information, requests for data, revisions other than those requested on previous submittals, and deviations from requirements in the Agreement Documents, including minor variations and limitations. Include same label information as related submittal.



		I. Resubmittals:

		1. Make resubmittals in same form and number of copies as initial submittal.

		2. Note date and content of previous submittal.

		3. Note date and content of revision in label or title block and clearly indicate extent of revision.

		4. Resubmit submittals until they are marked with the Owner’s Representative’s approval notation.



		J. Distribution:

		1. Furnish copies of final submittals to manufacturers, subcontractors, suppliers, fabricators, installers and authorities having jurisdiction, and others as necessary for performance of construction activities.  Show distribution on transmittal forms.



		K. Record Documents: Retain a final copy of all submittals as a Project Record Document.



		1.10 SUBMITTAL CLASSIFICATIONS 

		A. General: 

		1. Submittals are classified as follows:

		a. Project Proposal submittals.  For requirements for these submittals, refer to the Proposal Requirements.

		b. Basis of Design Submittals.

		c. Construction Documents –Design Phase Submittals.

		d. Construction Submittals.

		e. Project Closeout Submittals.

		f. LEED Submittals.

		g. Commissioning Submittals.







		1.11 CONSTRUCTION DOCUMENTS PHASE SUBMITTALS

		A. General:

		1. Submit these items during the period of preparation of the Construction Documents.

		2. For the general requirements for these Submittals, refer to the Performance Criteria.

		3. Organize these submittals in accordance with the Performance Specification, using the same title numbers and titles.

		4. Submittals in this Phase are as follows:

		a. Action Submittals:

		1) Basis of Design.  In addition to the Requirements indicated in the Performance Criteria, provide annotated Performance Criteria and Concept drawings.

		2) 50% Construction Documents.

		3) 100% Construction Documents.



		b. Information Submittals: Manufacturer’s Certificates, Product Certifications.







		1.12 CONSTRUCTION PHASE SUBMITTALS

		A. General:

		1. Prepare and submit Submittals required for the project conditions and design by individual Performance Specification Sections.

		2. For the general requirements for these Submittals, refer to the Performance Criteria.

		3. Provide submittals to Owner’s Representative for review and approval prior to fabrication, purchasing and installation.



		B. Action Submittals:

		1. Action Submittals include Samples, Schedules, and Applications for Payment, Subcontracts List, and others as applicable to the Project.

		2. Mechanical/Electrical equipment and systems submittals for those systems to be commissioned for review by Commissioning Authority.

		3. Items submitted as substitutions or as “equal” to listed manufacturer(s).



		C. Informational Submittals:

		1. Prepare and submit Informational Submittals required by Performance Specification Sections.

		2. Informational Submittals Include Quality Assurance Submittals, Schedules, Applications for Payment, Insurance Certificates and Bonds, Construction Photographs and Videotapes, and others as applicable to the Project.

		3. Design-Builder’s subcontractor Design professionals of Record will review and stamp all construction submittals for conformance with the construction documents prepared and signed by the Registered Design Professionals. 

		4. Shop drawings and equipment submittals not directly related to commissioning or required for review by commissioning authority.

		5. Retain copies of all submittals at job site trailer.

		6. Certificates and Certifications: Provide a notarized statement that includes signature of entity responsible for preparing certification.  Certificates and certifications must be signed by an officer or other individual authorized to sign documents on behalf of that entity.

		7. Test and Inspection Reports.





		1.13 REQUIREMENTS FOR EACH SUBMITTAL CATEGORY 

		A. Product Schedule or List:

		1. As required in individual Performance Specification Sections, prepare a written summary indicating types of products required for the Work and their intended location.  Include the following information in tabular form:

		a. Type of product.  Include unique identifier for each product.

		b. Number and name of room or space.

		c. Location within room or space.





		B. Product Data:

		1. Collect information into a single submittal for each element of construction and type of product or equipment.

		2. If information must be specially prepared for submittal because standard printed data are not suitable for use, submit as Shop Drawings, not as Product Data.

		3. Mark each copy of each submittal to show which products and options are applicable.

		4. Include the following information, as applicable:

		a. Manufacturer's written recommendations.

		b. Manufacturer's product specifications.

		c. Manufacturer's installation instructions.

		d. Standard color charts.

		e. Manufacturer's catalog cuts.

		f. Wiring diagrams showing factory-installed wiring.

		g. Printed performance curves.

		h. Operational range diagrams.

		i. Standard product operation and maintenance manuals.

		j. Compliance with specified referenced standards.

		k. Testing by recognized testing agency.

		l. Application of testing agency labels and seals.

		m. Notation of coordination requirements.



		5. Submit Product Data before or concurrent with Samples for Initial Selection.



		C. Manufacturer Certificates:

		1. Prepare written statements on manufacturer's letterhead certifying that manufacturer complies with requirements in the Contract Documents.  Include evidence of manufacturing experience where required.



		D. Shop Drawings:

		1. Prepare project-specific information, drawn accurately to scale.  Do not base Shop Drawings on reproductions of the Contract Documents or standard printed data.

		2. Preparation: Fully illustrate requirements in the Contract Documents.  Include the following information, as applicable:

		a. Dimensions.

		b. Identification of products.

		c. Fabrication and installation drawings.

		d. Roughing-in and setting diagrams.

		e. Wiring diagrams showing field-installed wiring, including power, signal, and control wiring.

		f. Shop work manufacturing instructions.

		g. Templates and patterns.

		h. Equipment schedules.

		i. Design calculations.

		j. Compliance with specified standards.

		k. Notation of coordination requirements.

		l. Notation of dimensions established by field measurement.

		m. Relationship to adjoining construction clearly required.

		n. Seal and signature of professional engineer if specified.

		o. Wiring Diagrams: Differentiate between manufacturer-installed and field-installed wiring.



		3. Sheet Size: Except for templates, patterns, and similar full-size drawings, submit Shop Drawings on sheets at minimum 8-1/2 by 11 inches but no larger than 30” by 42”.



		E. Samples: 

		1. Submit Samples for review of kind, color, pattern, and texture for a check of these characteristics with other elements and for a comparison of these characteristics between submittal and actual component as delivered and installed.

		2. Transmit Samples that contain multiple, related components such as accessories together in one submittal package.

		3. Identification: Attach label on unexposed side of Samples that includes the following:

		a. Generic description of Sample.

		b. Product name and name of manufacturer.

		c. Sample source.

		d. Number and title of appropriate Performance Specification Section.



		4. Disposal: Maintain sets of approved Samples at Project site, available for quality-control comparisons throughout the course of construction activity.  Sample sets may be used to determine final acceptance of construction associated with each set.

		a. If approved by Owner’s Representative, certain Samples may be incorporated into the Work.  Such Samples must be in an undamaged condition at time of use.

		b. Samples not incorporated into the Work, or otherwise designated as Owner’s Representative's property, are the property of Design-Builder. 



		5. Samples for Verification: 

		a. Submit full-size units or Samples of size required, prepared from same material to be used for the Work, cured and finished in manner specified, and physically identical with material or product proposed for use, and that show full range of color and texture variations expected.  Samples include, but are not limited to, the following: partial sections of manufactured or fabricated components; small cuts or containers of materials; complete units of repetitively used materials; and components used for independent testing and inspection.

		b. Number of Samples: Submit three sets of Samples.  Owner’s Representative will retain one Sample sets; remainder will be returned. Mark up and retain one returned Sample set as a Project Record Sample.

		1) Submit a single Sample where assembly details, workmanship, fabrication techniques, connections, operation, and other similar characteristics are to be demonstrated.

		2) If variation in color, pattern, texture, or other characteristic is inherent in material or product represented by a Sample, submit at least three sets of paired units that show approximate limits of variations. 







		F. Subcontract List:

		1. Prepare a written summary identifying individuals or firms proposed for each portion of the Work, including those who are to furnish products or equipment fabricated to a special design.  Include the following information in tabular form:

		a. Name, address, and telephone number of entity performing subcontract or supplying products.

		b. Number and title of related Specification Section(s) covered by subcontract.

		c. Drawing number and detail references, as appropriate, covered by subcontract.





		G. Qualification Data:

		1. Prepare written information that demonstrates capabilities and experience of firm or person.  Include lists of completed projects with project names and addresses, names and addresses of project architects and owners, and other information specified.



		H. Welding Certificates:

		1. Prepare written certification that welding procedures and personnel comply with requirements in the Agreement Documents. Submit record of Welding Procedure Specification (WPS) and Procedure Qualification Record (PQR) on AWS forms. Include names of firms and personnel certified.



		I. Installer Certificates:

		1. Prepare written statements on manufacturer's letterhead certifying that Installer complies with requirements in the Agreement Documents and, where required, is authorized by manufacturer for this specific Project.



		J. Product Certificates:

		1. Prepare written statements on manufacturer's letterhead certifying that product complies with requirements in the Agreement Documents.



		K. Material Certificates:

		1. Prepare written statements on manufacturer's letterhead certifying that material complies with requirements in the Agreement Documents.



		L. Material Test Reports:

		1. Prepare reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting test results of material for compliance with requirements in the Agreement Documents.



		M. Product Test Reports:

		1. Prepare written reports indicating current product produced by manufacturer complies with requirements in the Agreement Documents.  Base reports on evaluation of tests performed by manufacturer and witnessed by a qualified testing agency, or on comprehensive tests performed by a qualified testing agency.



		N. Research/Evaluation Reports:

		1. Prepare written evidence, from a model code organization acceptable to authorities having jurisdiction, that product complies with building code in effect for Project. Include the following information:

		a. Name of evaluation organization.

		b. Date of evaluation.

		c. Time period when report is in effect.

		d. Product and manufacturers' names.

		e. Description of product.

		f. Test procedures and results.

		g. Limitations of use.





		O. Schedule of Tests and Inspections:

		1. Provide scope for each test and inspection and calendar schedule to the Owner’s Representative. Provide minimum 72 hours’ notice to Owner’s Representative prior to each test and inspection. Owner’s Representative may, at their discretion, witness such testing.



		P. Preconstruction Test Reports:

		1. Prepare reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting results of tests performed before installation of product, for compliance with Performance Specifications in the Agreement Documents.



		Q. Compatibility Test Reports:

		1. Prepare reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting results of compatibility tests performed before installation of product. Include written recommendations for primers and substrate preparation needed for adhesion.



		R. Field Test Reports:

		1. Prepare reports written by a qualified testing agency, on testing agency's standard form, indicating and interpreting results of field tests performed either during installation of product or after product is installed in its final location, for compliance with requirements in the Agreement Documents.



		S. Maintenance Data:

		1. Prepare written and graphic instructions and procedures for operation and normal maintenance of products and equipment.



		T. Design Data:

		1. Prepare written and graphic information, including, but not limited to, performance and Design Requirements, list of applicable codes and regulations, and calculations. Include list of assumptions and other performance and Design Requirements and a summary of loads. Include load diagrams if applicable. Provide name and version of software, if any, used for calculations. Include page numbers.



		U. Manufacturer's Instructions:

		1. Prepare written or published information that documents manufacturer's recommendations, guidelines, and procedures for installing or operating a product or equipment.  Include name of product and name, address, and telephone number of manufacturer.  Include the following, as applicable:

		a. Preparation of substrates.

		b. Required substrate tolerances.

		c. Sequence of installation or erection.

		d. Required installation tolerances.

		e. Required adjustments.

		f. Recommendations for cleaning and protection.





		V. Manufacturer's Field Reports:

		1. Prepare written information documenting factory-authorized service representative's tests and inspections.  Include the following, as applicable:

		a. Name, address, and telephone number of factory-authorized service representative making report.

		b. Statement on condition of substrates and their acceptability for installation of product.

		c. Statement that products at Project site comply with requirements.

		d. Summary of installation procedures being followed, whether they comply with requirements and, if not, what corrective action was taken.

		e. Results of operational and other tests and a statement of whether observed performance complies with requirements.

		f. Statement whether conditions, products, and installation will affect warranty.

		g. Other required items required in individual Performance Specification Sections.





		W. Construction Photographs and Digital Recordings (DVD’s):

		1. Provide record photographs and or digital videos of construction, particularly concealed Work.

		2. Obtain and transfer copyright usage rights from photographer to the Owner for unlimited reproduction of photographic documentation.

		3. Digital Images:

		a. Provide images in uncompressed TIFF format or JPEG, produced by a digital camera with minimum sensor size of 4.0 megapixels, and at an image resolution of not less than 1600 by 1200 pixels.

		b. Submit digital images exactly as originally recorded in the digital camera, without alteration, manipulation, editing, or modifications using image-editing software.  Date and Time:  Include date and time in filename for each image.



		4. Digital Video Format:

		a. Provide high-quality color recording in DVD format.  Quality must be adequate to create photographic prints to be made from individual frames.



		5. General:

		a. Take photographs using the maximum range of depth of field, and that are in focus, to clearly show the Work.  Photographs with blurry or out-of-focus areas will not be accepted.  Maintain key plan with each set of construction photographs that identifies each photographic location. 



		6. Periodic Construction Photographs:  Take a minimum of 25 digital photographs weekly, with timing each month adjusted to coincide with the cutoff date associated with each Application for Payment.  Select vantage points to show status of construction and progress since last photographs were taken.



		X. Regulatory Agency: 

		1. Submit licenses, permits, certifications, proof of fee payments for all regulatory agencies, including but not limited to Occupational Safety & Health Administration (OSHA), Air Pollution Control District, Electric Utility, Gas Utility, Public Works Department, etc. 





		1.14 DESIGN-BUILDER’S REVIEW

		A. General:

		1. Review each submittal and check for coordination with other Work of the Agreement and for compliance with the Agreement Documents.  Note corrections and field dimensions.  Mark with approval stamp before submitting to Owner’s Representative.



		B. Approval Stamp:

		1. Stamp each submittal with a uniform, approval stamp.  Include Project name and location, submittal number, Specification Section title and number, name of reviewer, date of Design-Builder’s approval, and statement certifying that submittal has been reviewed, checked, and approved for compliance with the Agreement Documents.

		2. The Design-Builders’ Subcontractor CA licensed design professionals must review and stamp all Construction submittals. Review for conformance to Construction Documents prepared by the registered design professionals of record for the Project.





		1.15 OWNER’S REPRESENTATIVE ACTION

		A. General:

		1. Where action is required by Owner’s Representative, Owner’s Representative will not review submittals that do not bear Design-Builder’s approval stamp and will return them without action.



		B. Action Submittals:

		1. Owner’s Representative will review each submittal, make marks to indicate corrections or modifications required, and return it to the Design-Builder.



		C. Informational Submittals:

		1. Owner’s Representative will review each submittal and may return it to the Design-Builder stamped appropriately with comments.





		1.16 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) DESCRIPTION

		A. Establish and maintain a Quality Assurance/Quality Control (QA/QC) program as described in this section and coordinate with the Commissioning program.  The QA/QC program must cover construction operations on-site and off-site and must be keyed to the proposed construction sequence and serve as the foundation on which the Commissioning Plan will be built and executed for the mechanical and electrical systems.

		B. The process of assuring quality and compliance will take place in two ways.  QA/QC must implement a program to monitor, verify, and accept the work during the construction installation, especially the equipment and the system components.  The QA/QC program will coordinate with the Commissioning of Work and dovetail the monitoring and requirements for systems and equipment identified under both programs.  The Commissioning program will plan, monitor, verify, and accept the operation and the performance of the equipment and systems. In particular, the operation and performance of the mechanical and electrical systems will only be available for verification and acceptance upon the successful execution of the QC/QA program with regard to their installation. 

		C. QA/QC REQUIREMENTS

		D. QA/QC Program Requirements - The QA/QC program consists of a QA/QC Organization, a Quality Control (QC) Plan, conducting QA/QC meetings on site, performing submittal review, ensuring testing is performed, and preparing QC certifications and documentation necessary to provide materials, equipment, workmanship, fabrication, construction and operations which comply with the requirements of this Agreement.  In addition this Section consists of the coordination of the QA/QC program with the Commissioning program.



		1.17 QA/QC DEFINITIONS

		A. Quality Assurance Services:

		1. Activities, actions, and procedures performed at a level above Quality Control to assure the work performed has in effect a quality control procedure and process performed by those doing the Work to guard against defects and deficiencies and assure that proposed construction will comply with requirements.  Includes submittals, certifications, and other actions to assure that the proposed products and services will meet the Agreement requirements.  Services do not include Agreement enforcement activities performed by the Owner.



		B. Quality Control Services:

		1. Tests, inspections, procedures, and related actions at the level where the work is performed, during and after execution of the Work, to evaluate that actual products and completed construction comply with all Agreement requirements.



		C. Mockups:

		1. Full-size, physical assemblies that are constructed on-site.  Mockups are used to verify selections made under sample submittals, to demonstrate aesthetic effects and, where indicated, qualities of materials and execution, and to review construction, coordination, testing, or operation; they are not Samples.  Approved mockups establish the standard by which the Work will be judged.



		D. Laboratory Mockups:

		1. Full-size, physical assemblies that are constructed at a testing facility to verify performance characteristics.



		E. Preconstruction Testing:

		1. Tests and inspections that are performed specifically for Design-Build Package #1 before products and materials are incorporated into the Work to verify performance or compliance with specified criteria.



		F. Product Testing:

		1. Tests and inspections that are performed by a Nationally Recognized Testing Laboratory (NRTL), a National Voluntary Laboratory Accreditation Program (NVLAP), or a testing agency qualified to conduct product testing and acceptable to authorities having jurisdiction, to establish product performance and compliance with industry standards.



		G. Source Quality Control Testing:

		1. Tests and inspections that are performed at the source, i.e., Plant, mill, factory, or shop.



		H. Field Quality Control Testing:

		1. Tests and inspections that are performed on-site for installation of the Work and for completed Work.



		I. Testing Agency:

		1. An entity engaged by the Owner’s Representative to perform specific tests, inspections, or both.  Testing laboratory will mean the same as testing agency.  The testing agency will be under the control of the Owner’s Representative at the Owner’s discretion.



		J. Installer/Applicator/Erector:

		1. Design-Builder or another entity engaged by Design-Builder as an employee, Subcontractor, or Sub-subcontractor experienced in installing, erecting, or assembling work similar in material, design, and extent to that indicated whose work has resulted in construction with a record of successful in-service performance.

		2. Using a term such as "carpentry" does not imply that certain construction activities must be performed by accredited or unionized individuals of a corresponding generic name, such as "carpenter." It also does not imply that requirements specified apply exclusively to trades people of the corresponding generic name.



		K. Experienced:

		1. When used with an entity, "experienced" means having successfully completed a minimum of five previous projects similar in size and scope; being familiar with special requirements indicated; and having complied with requirements of authorities having jurisdiction.



		L. Manufacturer Qualifications:

		1. A firm experienced in manufacturing products or systems similar to those indicated and with a record of successful in-service performance, as well as sufficient production capacity to produce required units.



		M. Fabricator Qualifications:

		1. A firm experienced in producing products similar to those indicated and with a record of successful in-service performance, as well as sufficient production capacity to produce required units.



		N. Professional Architect/Engineer Qualifications:

		1. A professional Architect/Engineer who is legally qualified and licensed to practice in the State where the project is located and who is experienced in providing Architecture and Engineering services of the kind indicated.  Architect/Engineering services are defined as those performed for installations of the system, assembly, or product that are similar to those indicated in material, design, and extent.



		O. Specialists:

		1. Certain sections of the Specifications require that specific construction activities will be performed by entities that are recognized experts in those operations. Specialists must satisfy qualification requirements indicated and must be engaged for the activities indicated.

		2. Requirement for specialists must not supersede building codes and regulations governing the Work.



		P. Testing Agency Qualifications:

		1. An NRTL, an NVLAP, or an independent agency with the experience and capability to conduct testing and inspecting indicated, as documented according to America Society for Testing of Materials (ASTM) E 548; and with additional qualifications specified in individual Sections; and where required by authorities having jurisdiction, that is acceptable to authorities.

		2. NRTL: A nationally recognized testing laboratory according to 29 CFR 1910.7.

		3. NVLAP: A testing agency accredited according to National Institute of Standards and Technology’s (NIST) NVLAP.



		Q. Factory-Authorized Service Representative Qualifications:

		1. An authorized representative of manufacturer who is trained and approved by manufacturer to inspect installation of manufacturer's products that are similar in material, design, and extent to those indicated.



		R. Preconstruction Testing:

		1. Where testing agency is indicated to perform preconstruction testing for compliance with specified requirements for performance and test methods.





		1.18 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) ON INSTALLATION

		A. Monitoring - Monitor quality control over suppliers, manufacturers, products, services, site conditions and workmanship to produce work of the specified quality.

		B. Compliance - Comply fully with manufacturers' instructions including each step in sequence and comply fully with the Agreement documents inclusive of the entirety of the intent of the Design Criteria.

		C. Conflicts - Should manufacturers' instructions conflict with the Agreement Documents, request clarification from Owner’s Representative before proceeding.

		D. Standards:

		1. Comply with specified standards as a minimum quality for the Work except when more stringent tolerances, code, or specified requirements indicate higher standards or more precise workmanship.

		2. Perform Work by persons qualified to produce workmanship of specified quality.



		E. Comply with specified standards as a minimum quality for the Work except when more stringent tolerances, code, or specified requirements indicate higher standards or more precise workmanship.

		F. Coordination of all above-ceiling work is mandatory prior to any installation.  Documentation of such coordination will be required prior to applicable installation taking place in the specific area concerned.



		1.19 QA/QC SUBMITTALS

		A. Quality Assurance/Quality Control (QA/QC) Plan: Submit a QA/QC Plan for the Owner’s Representative’s approval within thirty (30) days prior to commencement of construction.

		B. Schedule of Tests and Inspections:

		1. Prepare in tabular form and include the following, as applicable:

		a. Specification Section number and title.

		b. Description of test and inspection.

		c. Identification of applicable standards.

		d. Identification of test and inspection methods.

		e. Number of tests and inspections required.

		f. Time schedule or time span for tests and inspections.

		g. Entity responsible for performing tests and inspections.

		h. Requirements for obtaining samples.

		i. Unique characteristics of each quality control service.





		C. Reports:

		1. Prepare and submit certified written reports that include the following:

		a. Date of issue.

		b. Name, address, and telephone number of testing agency.

		c. Dates and locations of samples and tests or inspections.

		d. Names of individuals making tests and inspections.

		e. Description of the Work and test and inspection method.

		f. Identification of product and Specification Section.

		g. Complete test or inspection data.

		h. Test and inspection results and an interpretation of test results.

		i. Record of temperature and weather conditions at time of sample taken and testing and inspecting.

		j. Comments or professional opinion on whether tested or inspected Work complies with the Agreement Document requirements.

		k. Recommendations on retesting and reinspecting.





		D. Permits, Licenses, and Certificates:

		1. For Owner’s records, submit copies of permits, licenses, certifications, inspection reports, releases, jurisdictional settlements, notices, receipts for fee payments, judgments, correspondence, records, and similar documents, established for compliance with standards and regulations bearing on performance of the Work.



		E. Testing Agency Responsibilities:

		1. Submit a certified written report of each test, inspection, and similar quality-assurance service to the Owner’s Representative, with copy to Design-Builder. Interpret tests and inspections and state in each report whether tested and inspected work complies with or deviates from the Agreement Documents.





		1.20 QA/QC PLAN

		A. Requirements: Provide for approval by the Owner’s Representative, a QA/QC Plan that covers both on-site and off-site Work, and includes the following:

		1. A chart showing the QA/QC organizational structure and its relationship to the production side of the organization.

		2. Names and qualifications, in resume format, for each person in the QA/QC organization.

		3. Duties, responsibilities and authorities of each person in the QA/QC organization.

		4. Documentation procedures, including proposed report formats for all reports required herein.

		5. A letter signed by an officer of the firm appointing the QA/QC Manager and stating that he/she is responsible for managing and implementing the QA/QC program as described herein, and that the QA/QC Manager reports to an officer of the firm, someone other than Design-Builder's Project Manager.  Include in this letter the QA/QC Manager's authority to direct the stopping, removal and replacement of non-conforming Work.

		6. Procedures for reviewing, approving and managing submittals.  Provide the name(s) of the person(s) in the QA/QC organization authorized to review and certify submittals prior to approval.

		7. A Testing Plan and Log that includes the tests required, referenced by the specification paragraph number requiring the test, test procedures, the frequency, schedule activity number and the person responsible for each test.

		8. Procedures to identify, record, track and complete rework items, including schedule activity numbers.

		9. A listing of outside organizations such as, architectural and consulting engineering firms that will be employed by Design-Builder and a description of the services and resumes of personnel these firms will provide.

		10. A list of the definable features of work.  A definable feature of work is a task that is separate and distinct from other tasks and requires separate control requirements.  As a minimum, unless otherwise approved by the Owner’s Representative, consider each section of the specifications as a definable feature of work.  However, there may be more than one definable feature of work in each section of the specifications.

		11. A personnel matrix showing, for each section of the specification, who will review and approve submittals, who will perform and document the various phases of control, and who will perform and document the testing.

		12. Provide procedures describing mandatory above ceiling coordination prior to the execution of any above ceiling work.



		B. Preliminary Work Authorized Prior to Approval: The only work that is authorized to proceed prior to the approval of the QA/QC Plan is mobilization of storage and office trailers and surveying, the preparation of excavation shoring systems, and removal of hazardous materials.  Design-Builder must not proceed on other activities without written approval from the Owner’s Representative.

		C. Approval: Approval of the QA/QC Plan is required before the start of construction.   The Owner’s Representative reserves the right to require changes in the QA/QC Plan and operations as necessary to ensure the specified quality of Work.  The Owner’s Representative reserves the right to interview any member of the QA/QC organization at any time in order to verify his/her submitted qualifications.

		D. Notification of Changes: Submit written notification to the Owner’s Representative of any proposed change, including changes in the QA/QC organization personnel, a minimum of seven (7) days prior to a proposed change.  Design-Builder must receive Owner approval prior to implementing such proposed changes. 



		1.21 QA/QC PLAN MEETING

		A. Prior to submission of the QA/QC Plan, meet with Owner’s Representative to discuss the QA/QC Plan requirements of this Agreement.  The purpose of this meeting is to develop a mutual understanding of the QA/QC Plan requirements prior to plan development and submission.



		1.22 QA/QC COORDINATION AND MUTUAL UNDERSTANDING MEETING

		A. After submission of the QA/QC Plan, but prior to the start of construction, meet with Owner’s Representative to discuss the QA/QC program required by this Agreement.  The purpose of this meeting is to develop a mutual understanding of the QA/QC details, including forms to be used for documentation, administration for on-site and off-site Work, and the coordination of Design-Builder's management, production and QA/QC personnel.  As a minimum, Design-Builder's personnel required to attend must include the project manager, project superintendent, QA/QC Manager, and QA/QC specialists.  Minutes of the meeting must be prepared by the QA/QC Manager and signed by both Design-Builder and Owner’s Representative.



		1.23 QA/QC DOCUMENTATION

		A. Maintain current and complete records of on-site and off-site QA/QC program operations and activities.

		1. Design-Builder Daily Report.

		2. Design-Builder Quality Control Report: Reports are required for each day that Work is performed and for every seven (7) consecutive days of no-work and on the last day of a no-work period.  Account for each day throughout the life of the Agreement.  The reporting of Work must be identified by terminology and activity codes consistent with the construction schedule.  Design-Builder Quality Control Reports must be prepared, signed and dated by the QA/QC Manager and must contain the following information:

		a. Identify the control phase (Preparatory, Initial, and Follow-up) and the definable feature of work.

		b. Results of the Preparatory Phase meetings held including the location of the definable feature of work and a list of personnel present at the meeting. Indicate in the report that for this definable feature of work, the drawings and specifications have been reviewed, submittals have been approved, materials comply with approved submittals, materials are stored properly, preliminary work was done correctly, the testing plan has been reviewed, and work methods and schedule have been discussed.

		c. Results of the Initial Phase meetings held including the location of the definable feature of work and a list of personnel present at the meeting.  Indicate in the report that for this definable feature of work the preliminary work was done correctly, samples have been prepared and approved, the workmanship is satisfactory, test results are acceptable, work is in compliance with the Agreement requirements, and the required testing has been performed and include a list of who performed the tests.

		d. Results of the Follow-up Phase inspections held including the location of the definable feature of work. Indicate if the report for this definable feature of Work that the work complies with the Agreement requirements as approved in the Initial Phase, and that required testing has been performed and include a list of who performed the tests.

		e. Results of the three Phases of Control for off-site work, if applicable, including actions taken.

		f. List the rework items identified, but not corrected by close of business.

		g. List the rework items corrected from the rework items list along with the corrective action taken.

		h. Include a "remarks" section in this report which must contain pertinent information including directions received, quality control problem areas, deviations from the QA/QC Plan, construction deficiencies encountered, QA/QC meetings held, acknowledgement that as-built drawings have been updated, corrective direction given by the QC Organization and corrective action taken by Design-Builder.

		i. Design-Builder Quality Control Report certification.



		3. Reports from the QC Specialist(s): Reports are required for each day that Work is performed in their area of responsibility.  QC specialist reports must include the same documentation requirements as Design-Builder Quality Control Report for their area of responsibility, QC specialist reports must be prepared, signed and dated by the QC specialists and must be attached to Design-Builder Quality Control Report prepared for the same day.

		4. Testing Plan and Log: As tests are performed, the QA/QC Manager must record on the "Testing Plan and Log" the date the test was conducted, the date the test results were forwarded to IOR, remarks and acknowledgement that an accredited or approved testing laboratory was used.  Attach a current updated copy of the "Testing Plan and Log" to the last daily Design-Builder Quality Control Report of each month.

		5. Rework Items List: The QA/QC Manager must maintain a list of work that does not comply with the Agreement requirements, identifying what items need to be reworked, the date the item was originally discovered, and the date the item was corrected.  Attach the current copy of the "Design-Builder Rework Items List" to the last daily Design-Builder Quality Control Report of each month.  Design-Builder will be responsible for including on this list items needing rework including those identified by the Owner’s Representative.

		6. Record Drawings: The QA/QC Manager is required to review the Record Drawings to ensure that the drawings are kept current on a daily basis and marked to show precise locations of items, or any deviations, which have been made from the Construction Drawings.  The QA/QC Manager, or QC Specialist assigned to an area of responsibility, must initial each deviation and each revision.  Upon completion of Work, the QA/QC Manager must furnish a certificate attesting to the accuracy of the Record Drawings and verification by the IOR prior to submission to Owner’s Representative.

		7. Report Forms:

		a. The reporting format must contain the following information:

		1) Design-Builder Daily Report

		2) Design-Builder Quality Control Report and Separate Continuation Sheets

		3) Testing Plan and Log

		4) Rework Items List

		5) Construction Methods Form

		6) QA/QC Manager’s Preparatory Phase Check-off Report



		b. Report forms must be transmitted via a method acceptable to Owner’s Representative. All original documents, reports, completed forms, etc. must be forwarded to the Owner’s Representative.







		1.24 REPAIR AND PROTECTION

		A. General:

		1. Repair and protection are Design-Builder's responsibility, regardless of the assignment of responsibility for quality control services.

		2. On completion of testing, inspecting, sample taking, and similar services, repair damaged construction and restore substrates and finishes.  Protect construction exposed by or for quality control service activities.

		3. Provide materials and comply with installation requirements specified in other Specification Sections.  Restore patched areas and extend restoration into adjoining areas with durable seams that are as invisible as possible.





		1.25 OPERATION AND MAINTENANCE MANUALS (O&M) REQUIREMENTS

		A. Standard Operation and Maintenance (O&M) Manuals.

		1. The specific content and format requirements for the standard O&M manuals are de-tailed herein and in the individual Specifications.  The O&M Manuals will be submitted in both hard copy and electronic form.  The electronic form will be compiled in the most current form of Adobe Acrobat, Release 9.0 or better, or Bluebeam Revu, Release 10.0 or better.  The electronic file will be bookmarked according to its Table of Contents, but will contain no less than the book marking identification in descending order of section, system, subsystem, equipment, component, etc., where applicable.  The goal is to make the manuals both manageable and user friendly for the Owner’s use.

		2. Design-Builder Design Team Contribution.  The Design-Builder will include, in the be-ginning of the each O&M manual, a separate section describing the systems, including:

		a. The Basis of Design narrative prepared by the Design-Builder, updated to as-built status by the Design-Builder.

		b. Simplified, professionally-drawn, single-line system diagrams on 8-1/2” x 11” or 11” x 17” sheets.  These must include, but not limited to, systems and major pieces of equipment such as chillers, boilers, piping systems, electrical systems, ductwork systems and controls systems.



		3. State Review and Approval. Prior to completion, the Owner’s Representative will review the O&M Manuals, documentation, and redline as-builts to verify compliance with the Performance Criteria.  The Owner’s Representative will communicate deficiencies in the manuals to the Design-Builder.  Upon a successful review of the corrections, the Owner’s Representative recommends approval and acceptance of these sections of the O&M manuals.  The Owner’s Representative also reviews each equipment warranty and verifies that all requirements to keep the warranty valid are clearly stated.





		1.26 WARRANTIES

		A. Warranties shall be provided for specific products, equipment and work as identified in Individual Specifications Sections.

		B. Form of Warranty: Written warranties, except manufacturer's standard printed warranties, must be on the Design-Builder's, Subcontractor's, material supplier, or manufacturer's own letterhead, addressed to the Owner.  All warranties must be submitted in duplicate, in a suitable format, and modified as approved to suit the conditions pertaining to the warranty.

		C. Bind warranties in commercial quality 8-1/2" x 11" binders, with hardback, cleanable, plastic covers.

		D. Label cover of each binder with typed or printed title "WARRANTIES", with title of Project, name, address, and telephone number of Design-Builder; and name of responsible principal.

		E. Table of Contents: Neatly typed, in the sequence of the Table of Contents, with each item identified with the number and title of the specification section in which specified, and the name of Product or work item.

		F. Separate each warranty with index tab sheets keyed to the Table of Contents listing.  Provide full information, using separate typed sheets as necessary.  List subcontractor, supplier, and manufacturer, with name, address, and telephone number of responsible principal.

		G. Obtain warranties, executed in duplicate by responsible subcontractor, suppliers, and manufacturers, within ten days after completion of the applicable item of work.  Except for items put into use with Owner's permission, leave date of beginning of time of warranty until the date of final acceptance or occupancy by the Owner.

		H. All warranties must be signed by both the General Design-Builder and the appropriate subcontractor.

		I. For equipment or component parts of equipment put into service during construction with Owner's permission, submit documents within ten days after acceptance.



		1.27 TRAINING AND DEMONSTRATION SUBMITTALS

		A. Instruction Program:

		1. Submit two copies of outline of instructional program for demonstration and training, including: the agenda for the training; a schedule of proposed dates and times; length of instruction time for each section of training, and instructors' names for each training module.  Include learning objective and outline for each training module.  Each training submittal must be provided a minimum of three weeks before the proposed training date.

		2. At completion of training, submit two complete training manual(s) in both paper and electronic format for the Owner’s use.  Electronic format to be word searchable.



		B. Qualification Data:

		1. For facilitator, instructor, and videographer.



		C. Attendance Record:

		1. For each training module, submit list of participants and length of instruction time.

		2. Complete the Training Record form included for each training session conducted.  Submit to the Owner within seven (7) calendar days of each session being completed.



		D. Evaluations:

		1. For each participant and for each training module, submit results and documentation of performance-based test.



		E. Demonstration and Training Interactive DVDs:

		1. Submit two copies within seven (7) calendar days of end of each training module.

		2. Identification: On each copy, provide an applied label with the following information:

		a. Name of Project.

		b. Name and address of videographer.

		c. Name of Construction Manager.

		d. Name of Design-Builder.

		e. Date DVD was recorded.

		f. Description of vantage point, indicating location, direction (by compass point), and elevation or story of construction.



		3. Transcript: Prepared on 8-1/2” by 11” paper, punched and bound in heavy-duty, 3-ring, vinyl-covered binders.  Mark appropriate identification on front and spine of each binder. Include a cover sheet with same label information as the corresponding DVD.  Include name of Project and date of DVD on each page.  Include copy of relevant DVD in plastic sleeve.



		F. Training Planning, Agenda, and Record Forms:

		1. Forms follow on subsequent pages.

		a. Overall Staff Training and Orientation Plan (one page).

		b. Training and Orientation Agenda (two pages).

		c.  Staff Training and Orientation Record (one page).







		1.28 TRAINING QUALITY ASSURANCE

		A. Facilitator Qualifications:

		1. A firm or individual experienced in training or educating maintenance personnel in a training program similar in content and extent and whose work has resulted in training or education with a record of successful learning performance.



		B. Instructor Qualifications:

		1. A factory-authorized service representative experienced in operation and maintenance procedures and training.



		C. Videographer Qualifications:

		1. A videographer who is experienced digitally recording construction projects.



		D. Pre-Instruction Conference:

		1. Conduct conference to review methods and procedures related to anticipated demonstration and training including, but not limited to, the following:

		a. Inspect and discuss locations and other facilities required for instruction.

		b. Review and finalize instruction schedule and verify availability of educational materials, instructors' personnel, audiovisual equipment, and facilities needed to avoid delays.

		c. Review required content of instruction.

		d. For instruction that must occur outside, review weather and forecasted weather conditions and procedures to follow if conditions are unfavorable.







		1.29 INSTRUCTION PROGRAM

		A. Program Structure:

		1. Develop an instruction program that includes individual training modules for each system and equipment not part of a system, as required by individual Specification Sections, and as follows:

		a. Motorized doors, including overhead coiling doors overhead coiling grilles and automatic entrance doors.

		b. Equipment, including video screens, loading dock equipment, waste compactors, service equipment, and other equipment as applicable to project.

		c. Fire-protection systems, including fire alarm, fire pumps, and fire-extinguishing systems.

		d. Security systems.

		e. Conveying systems.

		f. Refrigeration systems, including chillers, cooling towers, condensers, pumps, thermal energy storage and distribution piping.

		g. Steam plant systems, including boilers, deaerators, feedwater pumps, condensate return system

		h. HVAC systems, including air-handling equipment, air distribution systems, and terminal equipment and devices.

		i. EMCS, HVAC instrumentation and controls.

		j. Electrical service and distribution, including transformers, switchboards, panelboards, uninterruptible power supplies, and motor controls.

		k. Packaged engine generators, including transfer switches.

		1) Black start generators

		2) Emergency generators



		l. Lighting equipment and controls.

		m. Communication systems, including intercommunication, surveillance, clocks and programming, voice and data, and television equipment.

		n. Power monitoring, control system and UPS

		o. Other systems and equipment as applicable.





		B. Training Modules:

		1. Develop a learning objective and teaching outline for each module.  Include a description of specific skills and knowledge that participant is expected to master.

		a. For each scene of the module define the Trade and Level of target participant. Some cross-over is expected.

		b. Example Trades are: Controls, Electrical, Mechanical.

		c. Example Levels: Operation, Maintenance, Trouble-shooting.



		2. Emergency Operations shall include the following, as applicable:

		a. Instructions on meaning of warnings, trouble indications, and error messages.

		b. Instructions on stopping.

		c. Shutdown instructions for each type of emergency.

		d. Operating instructions for conditions outside of normal operating limits.

		e. Sequences for electric or electronic systems.

		f. Special operating instructions and procedures.



		3. Normal Operations shall include the following, as applicable:

		a. Startup procedures.

		b. Equipment or system break-in procedures.

		c. Routine and normal operating instructions.

		d. Regulation and control procedures.

		e. Control sequences.

		f. Safety procedures.

		g. Instructions on stopping.

		h. Normal shutdown instructions.

		i. Operating procedures for system, subsystem, or equipment failure.

		j. Seasonal and weekend operating instructions.

		k. Required sequences for electric or electronic systems.

		l. Special operating instructions and procedures.



		4. Adjustments shall include the following:

		a. Alignments.

		b. Checking adjustments.

		c. Noise and vibration adjustments.

		d. Economy and efficiency adjustments.



		5. Troubleshooting: Include the following:

		a. Diagnostic instructions.

		b. Test and inspection procedures.



		6. Maintenance shall include the following:

		a. Inspection procedures.

		b. Types of cleaning agents to be used and methods of cleaning.

		c. List of cleaning agents and methods of cleaning detrimental to product.

		d. Procedures for routine cleaning.

		e. Procedures for preventive maintenance.

		f. Procedures for routine maintenance.

		g. Instruction on use of special tools.



		7. Repairs shall include the following:

		a. Diagnosis instructions.

		b. Repair instructions.

		c. Disassembly; component removal, repair, and replacement; and reassembly instructions.

		d. Instructions for identifying parts and components.

		e. Review of spare parts needed for operation and maintenance.







		1.30 PROJECT CLOSEOUT SUBMITTALS

		A. General:

		1. Comply with requirements specified in Sections 01 77 00 "Closeout Procedures”, 01 78 23 “Operation and Maintenance Data”, 01 78 39 “Project Record Documents”, and 01 91 00 “General Commissioning Requirements”. 





		1.31 LEED SUBMITTALS

		A. General:

		1. Comply with requirements specified in Section 01 35 70 "LEED Requirements." 

		2. Maintain full and complete organized LEED and commissioning submittals library. 



		B. Material Safety Data Sheets (MSDS) for LEED Certification: 

		1. Submit information necessary to show compliance with LEED certification requirements, which will be the limit of Owner’s Representative   review. 

		2. Owner’s Representative   will not review LEED submittals that do not include MSDS where applicable, and will return the entire submittal for resubmittal. 





		1.32 COMMISSIONING SUBMITTALS

		A. General

		1. Comply with all commissioning requirements.







		PART 2 - PRODUCTS

		2.1 RECORD DRAWINGS 

		A. Record Prints: 

		1. Maintain one set of blue or black-line white prints of the Construction Drawings and Shop Drawings.

		2. Preparation: Mark Record Prints to show the actual installation where installation varies from that shown originally.  Require individual or entity who obtained record data, whether individual or entity is Installer, subcontractor, or similar entity, to prepare the marked-up Record Prints.

		a. Give particular attention to information on concealed elements that would be difficult to identify or measure and record later.

		b. Accurately record information in an understandable drawing technique.

		c. Obtain and record data for modifications as soon as specific item of work is accomplished.  Record and check the markup before enclosing concealed installations.



		3. Content: Types of items requiring marking include, but are not limited to, the following:

		a. Dimensional changes to Drawings.

		b. Revisions to details shown on Drawings.

		c. Depths of foundations below first floor.

		d. Locations and depths of underground utilities.

		e. Revisions to routing of piping and conduits.

		f. Revisions to electrical circuitry.

		g. Actual equipment locations.

		h. Duct size and routing.

		i. Locations of concealed internal utilities.

		j. Changes made by Change Order or Construction Change Directive.

		k. Changes made following Owner’s written orders.

		l. Details not on the original Agreement Drawings.

		m. Field records for variable and concealed conditions.

		n. Record information on the Work that is shown only schematically.



		4. Mark the Construction Drawings or Shop Drawings, whichever is most capable of showing actual physical conditions, completely and accurately.  If Shop Drawings are marked, show cross-reference on the Construction Drawings.

		5. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish between changes for different categories of the Work at same location.

		6. Mark important additional information that was either shown schematically or omitted from original Construction Drawings.

		7. Note Construction Change Directive numbers, alternate numbers, Change Order numbers, and similar identification, where applicable.



		B. Record CAD Drawings:

		1. Immediately before inspection for Certificate of Completion, review marked-up Record Prints with Construction Manager.  When authorized, prepare a full set of corrected CAD Drawings of the Construction Drawings to reflect Record/As-built conditions.

		2. Format: Same CAD program, version, and operating system as the original Construction Drawings.  One set of Record (As-Built) CAD files must be locked for record purposes.  The other set of Record (As-Built) CAD flies must be unlocked and completely manipulate-able for later use by the Owner for other project purposes.

		3. Incorporate changes and additional information previously marked on Record Prints and Shop Drawings as applicable.  Delete, redraw, and add details and notations where applicable.  Scanned .TIFF, PDF or other non-manipulate-able files are not acceptable as electronic copies. 



		C. Newly Prepared Record Drawings: 

		1. Prepare new drawings instead of preparing Record Drawings where the Owner’s Representative determines that neither the original Construction Drawings nor Shop Drawings are suitable to show actual installation.

		2. New Drawings may be required when a Change Order is issued as a result of accepting an alternate, substitution, or other modification. 

		3. Integrate newly prepared Record Drawings into Record Drawing sets; comply with procedures for formatting, organizing, copying, binding, and submitting. 



		D. Format: 

		1. Identify and date each Record Drawing.

		2. Record Prints: Organize Record Prints and newly prepared Record Drawings into manageable sets.  Bind each set with durable paper cover sheets.  Include identification on cover sheets. 

		3. Record CAD Drawings: Organize CAD information into separate electronic files that correspond to each sheet of the approved 100% Construction Drawings set, with Record Drawing mark-ups/additions.  Name each file with the sheet identification.  Include identification in each CAD file.

		4. Identification as follows:

		a. Project name.

		b. Date.

		c. Designation "DESIGN-BUILD RECORD DRAWINGS."







		2.2 RECORD SPECIFICATIONS

		A. Preparation:

		1. Mark copy with the proprietary name and model number of products, materials, and equipment furnished.  Record the name of manufacturer, supplier, Installer, and other information necessary to provide a record of selections made.

		2. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.

		3. Note related Record Product Data and Record Drawings where applicable.





		2.3 RECORD PRODUCT DATA

		A. Preparation:

		1. Mark Product Data to indicate the actual product installation where installation varies substantially from that required in Product Data submittal.

		2. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.

		3. Include significant changes in the product delivered to site and changes in manufacturer's written instructions for installation. 

		4. Note related Change Orders, Record Specifications, and Record Drawings where applicable.





		2.4 MISCELLANEOUS RECORD SUBMITTALS

		A. General:

		1. Assemble miscellaneous records required by other Specification Sections for miscellaneous record keeping and submittal in connection with actual performance of the Work.  Bind or file miscellaneous records and identify each, ready for continued use and reference.







		PART 3 - EXECUTION 

		3.1 VERIFICATION OF CONDITIONS

		A. Prior to installing any portion of the Work, Design-Builder must inspect the work already in place to receive the work to be installed and arrange for correction of defects in the existing workmanship, material or conditions that may adversely affect work to be installed. Such inspections must include test applications of the materials to be installed as required to establish the correct condition of surfaces involved.  Where the specifications require a material to be installed under the supervision or inspection of the material manufacturer or its representative, Design-Builder must ensure that the manufacturer or its representative also inspects the work in place and issues a letter of approval to the Owner’s Representative.



		3.2 RECORDING AND MAINTENANCE 

		A. Recording: 

		1. Maintain one copy of each submittal during the construction period for Design-Build Record Document purposes.  Post changes and modifications to Design-Build Record Documents as they occur; do not wait until the end of project.



		B. Maintenance of Record Documents and Samples: 

		1. Store Record Documents and Samples in the field office apart from the Construction Documents used for construction.  Do not use Design-Build Record Documents for construction purposes.  Maintain Record Documents in good order and in a clean, dry, legible condition, protected from deterioration and loss.  Provide access to Design-Build Record Documents for Owner’s reference during normal working hours.





		3.3 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY

		A. Organization:

		1. Include a Section in the directory for each of the following:

		a. Master table of contents for directory.

		b. List of contacts.

		c. List of systems.

		d. List of equipment.

		e. Tables of contents.





		B. List of Contacts

		1. List systems/equipment contacts; list by system, alphabetically.



		C. List of Systems and Subsystems:

		1. List systems alphabetically. Include references to operation and maintenance manuals that contain information about each system.



		D. List of Equipment:

		1. List equipment for each system, organized alphabetically by system. For pieces of equipment not part of system, list alphabetically in separate list.



		E. Tables of Contents:

		1. Include every table of contents for each emergency, operation and maintenance manual.



		F. Identification:

		1. In the documentation directory and in each operation and maintenance manual, identify each system, subsystem, and piece of equipment with same designation used in the Construction Documents. If no designation exists, assign a designation according to American Society of Heating Refrigerating & Air Conditioning Engineers (ASHRAE) Guideline 4, "Preparation of Operating and Maintenance Documentation for Building Systems."



		G. All documents to be word searchable, scanned images of text will not be acceptable.



		3.4 MANUALS-GENERAL

		A. Organization:

		1. Unless otherwise required, organize each manual into a separate section for each system and subsystem, and a separate section for each piece of equipment not part of a system.

		2. Each manual must contain the following materials, in the order listed:

		a. Title page.

		b. Table of contents.

		c. Manual contents.





		B. Title Page:

		1. Enclose title page in transparent plastic sleeve. Include the following information:

		a. Subject matter included in manual.

		b. Name and address.

		c. Date of submittal.

		d. Name, address, and telephone number of Design-Builder.

		e. Cross-reference to related systems in other operation and maintenance manuals.





		C. Table of Contents:

		1. List each product included in manual, identified by product name, indexed to the content of the volume, and cross-referenced to Specification Section number in Project Manual.

		2. If operation or maintenance documentation requires more than one volume to accommodate data, include comprehensive table of contents for all volumes in each volume of the set.



		D. Manual Contents:

		1. Organize into sets of manageable size.  Arrange contents alphabetically by system, subsystem, and equipment.  If possible, assemble instructions for subsystems, equipment, and components of one system into a single binder.

		2. Binders: Heavy-duty, 3-ring, vinyl-covered, loose-leaf D-ring binders, in thickness necessary to accommodate contents, sized to hold 8-1/2” by 11” paper; with clear plastic sleeve on spine to hold label describing contents and with pockets inside covers to hold folded oversize sheets.

		a. If two or more binders are necessary to accommodate data of a system, organize data in each binder into groupings by subsystem and related components. Cross-reference other binders if necessary to provide essential information for proper operation or maintenance of equipment or system.

		b. Identify each binder on front and spine, with printed title "OPERATION AND MAINTENANCE MANUAL," Project title or name, and subject matter of contents. Indicate volume number (and volume count) for multiple-volume sets.



		3. Dividers: Heavy-paper dividers with plastic-covered tabs for each Section. Mark each tab to indicate contents. Include typed list of products and major components of equipment included in the Section on each divider, cross-referenced to Specification Section number and title of Project Manual.

		4. Protective Plastic Sleeves: Transparent plastic sleeves designed to enclose diagnostic software diskettes for computerized electronic equipment.

		5. Supplementary Text: Prepared on 8-1/2-by-11-inch white bond paper.

		6. Drawings: Attach reinforced, punched binder tabs on drawings and bind with text.

		a. If oversize drawings are necessary, fold drawings to same size as text pages and use as foldouts.

		b. If drawings are too large to be used as foldouts, fold and place drawings in labeled envelopes and bind envelopes in rear of manual. At appropriate locations in manual, insert typewritten pages indicating drawing titles, descriptions of contents, and drawing locations.







		3.5 EMERGENCY MANUALS

		A. Content:

		1. Organize manual into a separate section for each of the following:

		a. Type of emergency.

		b. Emergency instructions.

		c. Emergency procedures.





		B. Type of Emergency:

		1. Where applicable for each type of emergency required below, include instructions and procedures for each system, subsystem, piece of equipment, and component:

		a. Fire.

		b. Flood.

		c. Gas leak.

		d. Water leak.

		e. Power failure.

		f. Water outage.

		g. System, subsystem, or equipment failure.

		h. Chemical release or spill.





		C. Emergency Instructions:

		1. Describe and explain warnings, trouble indications, error messages, and similar codes and signals. Include responsibilities of the Owner for notification of Installer, supplier, and manufacturer to maintain warranties.



		D. Emergency Procedures:

		1. Include the following, as applicable:

		a. Instructions on stopping.

		b. Shutdown instructions for each type of emergency.

		c. Operating instructions for conditions outside normal operating limits.

		d. Required sequences for electric or electronic systems.

		e. Special operating instructions and procedures.







		3.6 OPERATION MANUALS

		A. Content:

		1. In addition to requirements in this Section, include operation data required in individual Specification Sections and the following information:

		a. Contacts.

		1) List names,

		2) Addresses,

		3) Phone numbers (direct contact, where possible)

		4) Email addresses.



		b. System, subsystem, and equipment descriptions.

		c. Performance and design requirement if Design-Builder is delegated design responsibility.

		d. Operating standards.

		e. Operating procedures.

		f. Operating logs.

		g. Wiring diagrams.

		h. Control diagrams.

		i. Piped system diagrams.

		j. Precautions against improper use.

		k. License requirements including inspection and renewal dates.





		B. Descriptions:

		1. Include the following:

		a. Product name and model number.

		b. Manufacturer's name.

		c. Equipment identification with serial number of each component.

		d. Equipment function.

		e. Operating characteristics.

		f. Limiting conditions.

		g. Performance curves.

		h. Engineering data and tests.

		i. Complete nomenclature and number of replacement parts.





		C. Operating Procedures:

		1. Include the following, as applicable:

		a. Startup procedures.

		b. Equipment or system break-in procedures.

		c. Routine and normal operating instructions.

		d. Regulation and control procedures.

		e. Instructions on stopping.

		f. Normal shutdown instructions.

		g. Seasonal and weekend operating instructions.

		h. Required sequences for electric or electronic systems.

		i. Special operating instructions and procedures.





		D. Systems and Equipment Controls:

		1. Describe the sequence of operation, and diagram controls as installed.



		E. Piped Systems:

		1. Diagram piping as installed, and identify color-coding where required for identification.





		3.7 PRODUCT MAINTENANCE MANUAL

		A. Content:

		1. Organize manual into a separate section for each product, material, and finish. Include source information, product information, maintenance procedures, repair materials and sources, and warranties and bonds, as described below.



		B. Source Information:

		1. List each product included in manual identified by product name and arranged to match manual's table of contents. For each product, list name, address, and telephone number of Installer or supplier and maintenance service agent, and cross-reference Specification Section number and title in Project Manual.



		C. Product Information:

		1. Include the following, as applicable:

		a. Product name and model number.

		b. Manufacturer's name.

		c. Color, pattern, and texture.

		d. Material and chemical composition.

		e. Reordering information for specially manufactured products.





		D. Maintenance Procedures:

		1. Include manufacturer's written recommendations and the following:

		a. Inspection procedures.

		b. Types of cleaning agents to be used and methods of cleaning.

		c. List of cleaning agents and methods of cleaning detrimental to product.

		d. Schedule for routine cleaning and maintenance.

		e. Repair instructions.





		E. Repair Materials and Sources:

		1. Include lists of materials and local sources of materials and related services.



		F. Warranties and Bonds:

		1. Include copies of warranties and bonds and lists of circumstances and conditions that would affect validity of warranties or bonds.

		2. Include procedures to follow and required notifications for warranty claims.





		3.8 SYSTEMS AND EQUIPMENT MAINTENANCE MANUAL

		A. Content:

		1. For each system, subsystem, and piece of equipment not part of a system, include source information, manufacturers' maintenance documentation, maintenance procedures, maintenance and service schedules, spare parts list and source information, maintenance service contracts, and warranty and bond information, as described below.



		B. Source Information:

		1. List each system, subsystem, and piece of equipment included in manual identified by product name and arranged to match manual's table of contents. For each product, list name, address, and telephone number of Installer or supplier and maintenance service agent, and cross-reference Specification Section number and title in Project Manual.



		C. Manufacturer’s Maintenance Documentation:

		1. Manufacturers' maintenance documentation including the following information for each component part or piece of equipment:

		a. Standard printed maintenance instructions and bulletins.

		b. Drawings, diagrams, and instructions required for maintenance, including disassembly and component removal, replacement, and assembly.

		c. Identification and nomenclature of parts and components.

		d. List of items recommended to be stocked as spare parts.





		D. Maintenance Procedures:

		1. Include the following information and items that detail essential maintenance procedures:

		a. Test and inspection instructions.

		b. Troubleshooting guide.

		c. Precautions against improper maintenance.



		2. Disassembly; component removal, repair, and replacement; and reassembly instructions.

		3. Aligning, adjusting, and checking instructions.

		4. Demonstration and training videotape, if available.



		E. Maintenance and Service Schedules:

		1. Include service and lubrication requirements, list of required lubricants for equipment, and separate schedules for preventive and routine maintenance and service with standard time allotment.

		2. Scheduled Maintenance and Service: Tabulate actions for daily, weekly, monthly, quarterly, semiannual, and annual frequencies.

		3. Maintenance and Service Record: Include manufacturers' forms for recording maintenance.



		F. Spare Parts List and Source Information:

		1. Include lists of replacement and repair parts, with parts identified and cross-referenced to manufacturers' maintenance documentation and local sources of maintenance materials and related services.



		G. Maintenance Service Contracts:

		1. Include copies of maintenance agreements with name and telephone number of service agent.



		H. Warranties and Bonds:

		1. Include copies of warranties and bonds and lists of circumstances and conditions that would affect validity of warranties or bonds.

		2. Include procedures to follow and required notifications for warranty claims.





		3.9 SUBMITTAL REQUIREMENTS

		A. The Project Proposal is not transferable to another Project Proposer.  The Project Proposal must be submitted in the same name style and manner as is used on Contractor’s license (or Joint Venture license as applicable).  If a Project Proposal is submitted by an individual, name and postal address must be shown; if made by a firm or partnership, the name and postal address of the firm or partnership, and the signature of one or both partners must be shown; if made by a corporation, Project Proposal must show name of Owner’s Representative under the laws of which the corporation was chartered, name of the corporation and title of the person who signs on behalf of the corporation.  Corporate seal must be used.

		B. Enhancements: The Performance Criteria identified in the Request for Proposal are minimum functional and operational requirements.  To demonstrate the best value for the Owner encourages Proposers to submit enhancements to the RFP.  All enhancements must be uniquely identified in the Project Proposals with detailed explanations of their benefits to the Owner, including, but not limited to a narrative, affected RFP section references, new performance criteria, new concept drawings, quality descriptions, and/or life cycle cost/benefit analysis as applicable.  Schedule enhancements must be accompanied by detailed schedule information complying with the schedule submittal requirements dictated by the RFP.  The Owner retains the right to refuse any and all enhancements and upgrades proposed.



		3.10 PRODUCT CERTIFICATIONS 

		A. Where specifically indicated by pertinent Specification Sections, submit proper certification by recognized producer or association.  Certifications must attest to product's compliance with requirements of the Contract Documents.



		3.11 SHOP DRAWINGS 

		A. Submittals must be made in electronic and hard copy form and include one reproducible transparency of each original and 3 prints of each transparency, name and location of Project, name of Design-Builder, work order and Agreement numbers and cross references to Agreement documents.  Number shop drawings consecutively.  Make drawings legible and complete in every respect.  Electronic drawing submittals must be in consistent AutoCAD or Revit format.

		B. If Shop Drawings show variations from Agreement requirements because of standard shop practice or other reason, make specific mention of such variations in letter of transmittal, as well as on drawings, in order that (if acceptable) suitable action may be taken for proper adjustment of the Design-Build Agreement.  Unless specific changes have been noted and accepted, no deviations from the Contract Documents will be permitted.

		C. Transparencies will be returned to Design-Builder for Design-Builder’s reproduction and use.



		3.12 PRODUCT DATA/MATERIAL LISTS

		A. Manufacturer's Standard Schematic Drawings:

		1. Modify drawings to delete information which is not applicable to Project.

		2. Supplement standard information to provide additional information applicable to Project.



		B. Manufacturer's catalog sheets, brochures, diagrams, schedules, performance charts, illustrations and other standard descriptive data:

		1. Clearly mark each copy to identify pertinent materials, products or models.

		2. Show dimensions and clearances required.

		3. Show performance characteristics and capacities.

		4. Show wiring diagrams and controls.

		5. Include calculations when applicable.



		C. Material Safety Data Sheets (MSDS): Include for materials which require manufacturer’s warnings and application instructions listed on MSDS provided by the product manufacturer.



		3.13 SAMPLES 

		A. Physical examples to illustrate materials, equipment or workmanship, and to establish standards by which completed work is judged.

		B. Where size of samples is not specified, office samples should be of sufficient size and quantity to clearly illustrate:

		1. Functional characteristics of product or material, with integrally related parts and attachment devices.

		2. After review, samples may be used in construction of Project.



		C. Field Samples and Mockups:

		1. Erect at Project site at location acceptable to Owner’s Representative, unless otherwise approved.

		2. Construct each sample or mockup complete, including work of all trades required in finished work.

		3. Within twenty (20) days after NTP, Design-Builder is required to provide Owner’s Representative with a comprehensive list of all Mock-ups to be completed at the Project.  Owner’s Representative will review and approve this list.





		3.14 SUBSTITUTIONS 

		A. Written acceptance from the Owner’s Representative is required for implementation or utilization of any substitution.

		1. The Design-Build Agreement is based on materials, equipment and methods described in Criteria Documents.

		2. Owner’s Representative will consider proposals for alternative materials, equipment and methods only when such proposals are accompanied by full and complete technical data and all other information required by Owner’s Representative to evaluate proposed substitution.

		3. Do not use alternative materials, equipment or methods unless such substitution has been specifically accepted for this work by Owner’s Representative.



		B. Coordination: Acceptance of substitution will not relieve Design-Builder from responsibility for compliance with all requirements of the Design Requirements and Performance Specifications, and Design-Builder will be responsible, at Design-Builder’s own expense, for changes in other parts of Design-Builder’s work or work of others which may be caused by acceptance of substitution.

		C. Proposed substitutions must be submitted no more than 30 days after Notice to Proceed.  All substitutions will be considered Action Submittals.

		D. Submit separate request for each product and support each request with:

		1. Product identification.

		2. Manufacturer’s representative name, address and contact information.

		3. Manufacturer’s literature.

		4. Samples, as applicable.

		5. Detailed comparison of proposed product with specified product.

		6. Name, address, and scope of correctional facilities projects on which product has been used, and date of installation.

		7. Data relating to changes in construction schedule, if any.

		8. Data regarding difference in cost, if any, between specified item and proposed substitute item.

		9. Historical reliability and maintenance data.

		10. Life-cycle value compared to specified product.

		11. Warranty comparison to specified product.



		E. Substitute products will not be ordered without written acceptance of Owner’s Representative.

		F. Owner’s Representative will determine acceptability of proposed substitutions (alternatives) and reserves the right to reject proposals due to insufficient information.



		3.15 TECHNICAL PROPOSAL

		A. Critical Success Factors (CSF) are those issues that the Owner considers essential to the success of this Project, and are the core essence of the Proposer’s responsibility.  It is essential that the Proposer be responsive to the Owner in both the development of the response to the RFP and in the design and construction of the requirements of this Design-Build Project.

		1. Meet and/or exceed the minimum requirements of applicable Codes.

		2. Utilize the full capabilities of BIM to maximize the efficiency of the design process.

		3. Be consistent with the requirements of the Americans with Disabilities Act (ADA).

		4. Create a Project that is energy and water efficient.

		5. Thoroughly commission new systems to ensure efficient and reliable operation.

		6. Systematically furnish all required warranties, operation and maintenance manuals, and record documents and successfully transition and train facility staff, closing out the Project with no defects.

		7. Achieve a LEED Certification.



		B. Proposed Design: Prepare written documents listed below to depict the Proposer’s design in response to the Owner’s requirements.  The submittal requirements listed below are minimum requirements.  Proposer may submit additional materials in the Project Proposal.  Additional materials submitted by the Proposer may or may not be reviewed by the Owner at the Owner’s sole discretion.  Internet links to websites are not permitted.  Design narrative may include diagrams, graphic illustrations, conceptual sketches and ideas, exhibits, and photographic images.  Drawings format shall be 24” x 36” or 30” x 42”.  Floors plans, details, site plans, conceptual floor plans, etc. shall be no smaller than 1/8”=1’0” and no larger than 1/2”=1’0”.

		1. Provide individual technical approach plans, including backup documentation as appropriate, to identify the proposed types and operations of systems illustrating the best value for the Owner.  Technical approach plans are to include: 

		a. Narrative(s) detailing the basic approach(es).

		b. Conceptual layout(s) of building systems.

		c. Proposed systems including a description of types, efficiencies, quantities and capacities.

		d. Submit a Life Cycle Cost (LCC) analysis of proposed systems describing the Proposer’s approach for evaluating alternatives and developing cost effective designs, systems and components as part of sustainable design. Life-cycle benefit analyses must be shown as present value amounts using a 5.5% discount rate, 20-year life cycle period, 3% energy costs escalation rate, 3% personnel/staff escalation rate and 2% maintenance cost escalation rate.

		e. Approach to maintaining and servicing proposed systems.

		f. Narrative(s) outlining the proven track record(s) of the proposed systems and vendors including tried and tested processes, systems and capabilities.





		C. Sustainable Design

		1. A self-rated LEED v4 valuation that identifies all achievable “yes” credits and potential “maybe” credits for achieving the minimum LEED certification as stipulated in the criteria documents.  Consideration should be given to points potentially being lost during the design and construction process to achieve the minimum.

		2. Identify key players who are responsible for designing, implementing and documenting each LEED credit attempted.  

		3. Identify the LEED Accredited Professional, their experience with LEED Certified projects and describe in detail the role this individual will play on the Design-Builder’s Team.

		4. Describe, through narrative, the approach that will be taken to achieve each of the LEED credits the Design-Builder is proposing.  Provide RFP Document references for each credit.  Provide additional drawings and/or materials necessary to describe the strategy.  Provide additional Performance Criteria and Concept drawings required for achieving LEED credits if they are not provided in the RFP Performance Criteria.

		5. Hard and soft calculations which demonstrate the level of energy efficiency, as well as a statement regarding the Proposers’ experience in using such programs.  Submit a Life Cycle Cost (LCC) analysis of proposed systems describing the Proposer’s approach for evaluating alternatives and developing cost effective designs, systems and components as part of sustainable design. Life-cycle benefit analyses must be shown as present value amounts using a 5.5% discount rate, 20-year life cycle period, 3% energy costs escalation rate, 3% personnel/staff escalation rate and 2% maintenance cost escalation rate. 

		6. Describe the internal process the team will implement as well as the documentation that the team will propose to include as part of the final submittal for the USGBC. 

		7. Outlines and narratives for the following documents: Construction Waste Management Plan and an Indoor Air Quality Management Plan. 



		D. Enhancements

		1. An enhancement is a demonstrated benefit to the Site Project that is beyond the minimum requirements established in the RFP.

		2. RFP specifications and drawings are the minimum standards that must be implemented under this Site Project.  All enhancements must be of high quality.

		3. Compliance with State and Local mandated energy and water conservation codes and ordinances are the minimum requirements.

		4. LEED certification is not considered an enhancement.

		5. The RFP represents the minimum requirement of the Site Project and an item will not be considered an enhancement if it is utilized to meet an “or equal” requirement.

		6. The Owner retains the right to refuse any enhancements or upgrades proposed.

		7. For each enhancement, submit the following: 

		a. A unique enhancement identification number.

		b. A narrative description of the enhancement.

		c. A list of benefits to the Owner.

		d. Affected RFP section references and changes (if applicable).

		e. New performance criteria (if applicable).

		f. New concept drawings (if applicable).

		g. A comparison between the RFP requirements and the proposed enhancement.

		h. Cost benefit analysis (if applicable).







		3.16 OPERATION AND MAINTENANCE MANUAL PREPARATION

		A. Operation and Maintenance Documentation Directory:

		1. Prepare a separate manual that provides an organized reference to emergency, operation, and maintenance manuals.



		B. Emergency Manual:

		1. Assemble a complete set of emergency information indicating procedures for use by emergency personnel and by the Owner staff for types of emergencies required.



		C. Product Maintenance Manual:

		1. Assemble a complete set of maintenance data indicating care and maintenance of each product, material, and finish incorporated into the Work.



		D. Operation and Maintenance Manuals:

		1. Assemble a complete set of operation and maintenance data indicating operation and maintenance of each system, subsystem, and piece of equipment not part of a system.

		2. Engage a factory-authorized service representative to assemble and prepare information for each system, subsystem, and piece of equipment not part of a system.

		3. Prepare a separate manual for each system and subsystem, in the form of an instructional manual.

		4. Prepare a recommended general overall preventative maintenance manual and include a schedule.



		E. Manufacturers' Data:

		1. Where manuals contain manufacturers' standard printed data, include only sheets pertinent to product or component installed.  Mark each sheet to identify each product or component incorporated into the Work.  If data include more than one item in a tabular format, identify each item using appropriate references from the Construction Documents.  Identify data applicable to the Work and delete references to information not applicable.

		2. Prepare supplementary text if manufacturers' standard printed data are not available and where the information is necessary for proper operation and maintenance of equipment or systems.



		F. Drawings:

		1. Prepare drawings supplementing manufacturer’s printed data to illustrate the relationship of component parts of equipment and systems and to illustrate control sequence and flow diagrams.  Coordinate these drawings with information contained in Record Drawings to ensure correct illustration of completed installation.

		2. Do not use original Construction Documents as part of operation and maintenance manuals.

		3. Comply with requirements of newly prepared Record/As-Built Drawings.





		3.17 DEMONSTRATION AND TRAINING PREPARATION

		A. General:

		1. Assemble educational materials necessary for instruction, including documentation and training module. Assemble training modules into a combined training manual.

		2. Set up instructional equipment at instruction location.

		3. Script training module video clips to focus on defined staff Trade and Level.





		3.18 TRAINING INSTRUCTION

		A. Facilitator:

		1. Engage a qualified facilitator to prepare instruction program and training modules, to coordinate instructors, and to coordinate between Design-Builder and the Owner for number of participants, instruction times, and location.



		B. Instructors:

		1. Engage qualified instructors to instruct the Owner’s staff to adjust, operate, and maintain systems, subsystems, and equipment not part of a system.



		C. Scheduling:

		1. Provide instruction at mutually agreed upon times.  For equipment that requires seasonal operation, provide similar instruction at start of each season.

		2. Design-Builder must coordinate with the Owner to create as comprehensive an overall training schedule as possible to facilitate the limited numbers of Owner staff that must be trained in all aspects of the new building.  Schedule training with the Owner with at least twenty-one (21) calendar days advance notice.



		D. Evaluation:

		1. At conclusion of each training module, assess and document each participant's mastery of module by use of an oral, written, or demonstration performance-based test, as applicable.



		E. Cleanup:

		1. Collect used and leftover educational materials and give to Owner. Remove instructional equipment. Restore systems and equipment to condition existing before initial training use.



		F. Post Video Editing:

		1. Instructor to edit transcript so as to identify video clips that are targeted for different Operation and Maintenance (O&M) sections.





		3.19 DEMONSTRATION AND TRAINING VIDEOINTERACTIVE DVD’S

		A. General:

		1. Engage a qualified videographer to record all demonstration and training video DVDs.  Record each training module separately.  Include classroom instructions and demonstrations, board diagrams, and other visual aids, but not student practice.

		2. At beginning of each training module, record each chart containing learning objective and lesson outline.



		B. DVD Format:

		1. Provide high-quality color DVDs with hard plastic snap-case for each.

		2. All videos are to be shot by the same videographer.



		C. Cameras:

		1. Provide cameras with a minimum resolution of 1080i High-definition at 30 frames per second.

		2. Cameras to be mounted on fluid head tripods.



		D. Camera Setup:

		1. Two identical cameras are to be used.

		2. Camera one is a medium to wide shot which includes the trainer and display materials, white board, charts, etc.  Camera does minimal panning and zooming.  Camera one is the default camera: All footage from camera one to be continuously usable. A lavaliere (lapel) microphone, should be connected to Camera one.

		3. Camera two is a close-up camera capturing details of whiteboards, machinery and, controls, etc.  Camera two is outfitted with a medium-length shotgun microphone for clean back-up sound on audio channel 1.  Audio channel 2 on Camera two is outfitted with second microphone at director’s station for scene descriptions and notes.

		4. Both cameras shoot continuously to ease synchronization in editing.

		5. Supplemental lighting may be required depending on room size/on-site or details being filmed.



		E. Video Format:

		1. Window Dubs: Provide minimum standard definition (SD) resolution, full color, on DVD, or suitable 2006 format.

		2. Original Footage: High definition (HD) Digital video (DV) at full camera resolution.



		F. Recording:

		1. Mount camera one on tripod before starting recording.  Display continuous running time.

		2. Mount camera two on tripod before starting recording, unless otherwise necessary to show area of demonstration and training.  Display continuous running time.

		3. Shoot a slate at start of each session including Module, Trainer, Location, Date and Time.



		G. Narration:

		1. Describe scenes on video DVD by audio narration by microphone while video DVD is recorded, or by dubbing the sound after recording, whichever gives better results and clarity.  Include description of items being viewed.  Describe vantage point, indicating location, direction (by compass point), and elevation or story of construction.



		H. Transcript:

		1. Provide a typewritten transcript of the narration.  Display images and running time captured from video DVD opposite the corresponding narration segment.

		2. Transcripts to be generated from window dubs (raw video footage).

		3. Raw transcript to be delivered to the trainer for marking of the video, tagging with the trade and level information and any content edits, for each video clip.

		4. Trainer content edits to be incorporated into final transcript.



		I. Video Editing Products & Organization:

		1. Required Products:

		a. Clips edited and compressed for use with local-network training stations.

		b. Clips edited and compiled into DVDs & HD DVDs for alternate training methods. (Classroom, offsite, etc.)

		c. Edit video into clips per trainers edits of transcript. Name clips so as to facilitate compilation by trade and level. (Example: M16T05L03)

		d. A five second title card to appear at front of each clip identifying: Trade, Level, O&M section, instructor, facility, and date of recording.



		2. Compile video clips by sequence, trade and level into the following movies.  Provide menu for access by the following selections on DVDs & HD DVDs:

		a. Entire module in sequence.

		b. By Trade: Where more than one trade is identified in the module assemble the clips in sequence for that trade.

		c.  By Level: Where more than one level is identified in the module, assemble the clips in sequence for that level.

		d. By O&M documentation section.







		3.20 ELECTRONIC DOCUMENTATION LINKING

		A. Hyperlink each training module video clip to the corresponding section of the narration and corresponding O&M document section.



		3.21 SPECIAL TRAINING REQUIREMENTS FOR MECHANICAL EQUIPMENT

		A. Training Responsibilities:

		1. Require that the mechanical subcontractor be responsible for mechanical training coordination, scheduling and ultimately to ensure that training is completed.

		a. Provide designated Owner personnel with a comprehensive training plan for mechanical equipment two months before the planned training.

		b. Provide the Owner with comprehensive orientation and training in the understanding of the systems and the operation and maintenance of each piece of mechanical equipment including, but not limited to, chillers, boilers, pumps, air handling units, fans, terminal units and controls systems, etc.



		2. Start training with classroom sessions followed by hands-on training on each piece of equipment, which must illustrate the various modes of operation, including startup, shutdown, fire/smoke alarm, power failure, etc.

		3. If during demonstration the system fails to perform in accordance with the requirements of the O&M manual or sequence of operations, repair or adjust the system as necessary and repeat the demonstration.

		4. Engage the appropriate trade or manufacturer’s representative to provide the instructions on each major piece of equipment. This person may be the start-up technician for the piece of equipment, the installing Design-Builder or manufacturer’s representative. Practical building operating expertise as well as in-depth knowledge of all modes of operation of the specific piece of equipment is required. More than one party may be required to execute the training.

		5. The controls subcontractor must attend sessions other than the controls training, as requested, to discuss the interaction of the controls system as it relates to the equipment being discussed.

		6. The training sessions must follow the outline in the Table of Contents of the operation and maintenance manual and illustrate whenever possible the use of the O&M manuals for reference.

		7. Training must include:

		a. Use of the printed installation, operation and maintenance instruction material included in the O&M manuals. This material must be submitted and approved prior to being used in training.

		b. A review of the written O&M instructions emphasizing safe and proper operating requirements, preventative maintenance, special tools needed and spare parts inventory suggestions. The training must include start-up, operation in all modes possible, shut-down, seasonal changeover and any emergency procedures.

		c. Discussion of relevant health and safety issues and concerns.

		d. Discussion of warranties and guarantees.

		e. Common troubleshooting problems and solutions.

		f. Explanatory information included in the O&M manuals and the location of all plans and manuals in the facility.

		g. Discussion of any peculiarities of equipment installation or operation.

		h. The format and training agenda in “The Commissioning Process,” ASHRAE Guideline 2005 is recommended.

		i. Classroom sessions must include the use of overhead projections, slides, video/audio DVD material as might be appropriate.

		j. Hands-on training must include start-up, operation in all modes possible, including manual, shut-down and any emergency procedures and preventative maintenance for all pieces of equipment.

		k. The mechanical Design-Builder must fully explain and demonstrate the operation, function and overrides of any local packaged controls, not controlled by the central control system.

		l. Training must occur after functional testing is complete, unless approved otherwise by the Owner.

		m. Require the mechanical Design-Builder to provide training on each piece of equipment according to the requirements identified in the Performance Specifications.
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PART 1 - GENERAL 


1.1 PURPOSE 


A. The owner is pursuing a LEED v3 Gold certification for the project. 


B. The purpose of this Section is to define the LEED design and documentation 
submittal requirements the Design-Build contractor is responsible for and must 
include in his work.  The electrical design-build subcontractor shall support these 
efforts throughout design and construction.  Reduction in scope of work or reduction 
in specified equipment efficiency will not be allowed for this project. 


C. LEED documentation and calculations will be required for the prerequisites and 
credits as listed in this Section.  The contractors involved in performing work for this 
Section shall provide documentation where necessary to assist the Design 
Professionals in completing all documentation to obtain LEED certification.  The 
Design Professionals will be responsible for final documentation submittal, along 
with the other discipline design professionals, to USGBC.  Contractor may obtain 
further program documentation by visiting www.usgbc.com. 


D. Contractor(s) shall demonstrate and provide systems and functions that meet or 
exceed the requirements of the LEED certification process listed herein and in all 
other Division 26 Electrical sections and the construction drawings. 


1.2 APPLICABLE REQUIREMENTS 


A. All work under this Section shall comply with the requirements of General 
Conditions, Supplemental Conditions, Special Conditions and Division 01, “General 
Requirements” and shall include all Electrical Sections specified herein. 


1.3 RELATED WORK SPECIFIED ELSEWHERE  (NOTE TO EDITOR: REVISE APPLICABLE 
SECTIONS BELOW.) 


A. All Division 26 Electrical sections included herein. 


1.4 APPLICABLE STANDARDS OR GUIDELINES 


A. Provide in accordance with requirements of the United States Green Building 
Council (USGBC) for the following: 


a. LEED Version 3 (2009) Building Design + Construction Reference 
Guide as published by the USGBC. 


2. LEED Green Building Rating System for Existing Buildings as published by 
the USGBC. 


3. LEED for Commercial Interiors Rating System as published by the USGBC. 


1.5 DESIGN SUBMITTALS 


A. Contractor shall submit LEED documentation and calculations as required as a 
project team member. 
1. The Design-Builder must coordinate with the project LEED Manager 


Professional who will be responsible for all aspects of the LEED process. 



http://www.usgbc.com/
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2. The Design-Builder must designate an on-site field staff person to assist the 
LEED Manager Professional and be the contact for all LEED prerequisites 
and credit documentation, subcontractor supervision and submittal 
coordination and to manage the Design-Builder’s portions of the LEED-
Online submittal process. 


3. Documentation for LEED prerequisites and credit must be submitted in the 
format required by the USGBC for review using LEED-Online. Including all 
required credit audit documentation, completion of LEED calculators, and 
LEED credit templates.  


4. Additional information on LEED and how to purchase copies of the LEED v3 
for BD+C: New Construction and major Renovation reference guide and 
how to use LEED-Online can be found at www.usgbc.org and 
https://LEEDonline.usgbc.org 


1.6 QUALITY ASSURANCE (QA) 


A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for 
compliance and coordination of responsibilities contained in this specification 
section. 
1. QA Responsibilities: 


a. Review Criteria Documents carefully for LEED 
b. Coordinate work of trades, subcontractors, and suppliers relating to 


LEED-related issues. 
c. Instruct workers relating to LEED-related issues. 
d. Oversee Design-Build LEED-related issues. 
e. Coordinate with Commissioning Authority on all Commissioning 


related activities and requirements. 
2. QA in Job Progress Meetings: 


a. All regularly scheduled job progress meetings will contain a heading 
for Environmental Procedures and LEED. 


b. All regularly scheduled job meetings will contain a heading for 
Commissioning Items on the Agenda. 


c. Environmental Procedures and Commissioning will be presented at 
the following meetings: 
1) Pre-construction meeting. 
2) Pre-installation meetings. 
3) Special sustainability issues meetings. 
4) Commissioning Scoping Meeting. 


B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must 
coordinate with the LEED Manager to schedule and conduct a meeting with the 
Owner and discipline designers to discuss the Design Builder's Proposed 
Environmental Procedure Compliance Plan(s). 


1.7 LEED CERTIFICATION MEETINGS 


A. Design-Builder will conduct LEED Certification meetings as required with his sub-
consultants and subcontractors, in addition to those meetings outlined in Agreement.  
Meetings must be attended by the following personnel: 
1. Design-Builder’s Project Manager  
2. Owner 
3. Design-Builder’s LEED professional staff persons 
4. Sub-consultant representatives as appropriate to stage of work 
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5. Subcontractor representatives as appropriate to stage of work 


B. At a minimum, LEED certification goals and issues will be discussed at the following 
meetings: 
1. Preconstruction Meetings 
2. Progress Meetings 
3. Subcontractor Meetings 
4. Monthly Design-Build LEED Meetings.  Meetings should be scheduled as a 


part of regularly scheduled job meetings on site. 


1.8 LEED COMPLIANCE 


A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a 
LEED Compliance Plan for determining compliance of proposed design with 
certification as defined by the LEED program. The Plan will include a LEED Credit 
matrix and a discussion accompanying and/or associated with each and every 
intended/selected credit point describing how the design will comply with that 
specific credit requirement.  These in turn will be correlated to a timeline that will 
adequately illustrate: 
1. The definition and applied requirement of each credit in the design and/or 


construction. 
2. The implementation of that credit into the actual work. 
3. The expected compilation of the required credit submittal documents for 


each goal. 
4. The date of submission of all the required documentation to the US Green 


Building Council. 
5. The expected time period for corrections and resubmissions. 
6. The final approval for LEED Certification. 


B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the 
specification sections, submit the following: 
1. All proposed substitution requests that may affect meeting requirements of 


this Section and the LEED certification program. 
2. All LEED Submittals necessary for the certification process and in 


accordance with the LEED Compliance Plan. 


C. This specification section is intended to supplement and not supersede the 
requirements of other sections of the specifications and drawings. 


1.9 SUBMITTALS 


A. Submit additional LEED submittal requirements included in other Sections of the 
Specifications. 


B. Design-Builder must submit and receive approval from the USGBC on enough 
credits as required to achieve the required LEED Project Certification rating. 


C. LEED submittals must be prepared and submitted using the LEED-Online Credit 
web based application and minimum system requirements. 
1. The Design-Builder is responsible for obtaining Project access to LEED-


Online and joining the Project. 
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2. Once the Design-Builder has joined the Project through LEED-Online, the 
LEED Consultant will assign the LEED credits that the Design-Builder is 
responsible for completing. 


D. LEED submittals are in addition to other submittals.  If submitted item is identical to 
that submitted to comply with other requirements, submit duplicate copies as a 
separate submittal to verify compliance with indicated LEED requirements. 


E. Design-Build Materials Cost Data: 
1. Specific Material cost data for individual components and materials (not 


including labor) will be required to be provided as part of some LEED pre-
requisite and credit requirements submittals. 


2. Consistent numbers must be applied to various LEED credits submittals 
requiring similar material cost data. 


F. Complete required LEED -Online Credit Templates declaring that all LEED credit 
requirements have been met.  


G. With submittals provide the following:  
1. Submittals for review with Basis of Design. 


a. LEED matrix identifying both the design and construction credits 
selected to achieve the LEED certification.  


b. Identify key players who are responsible for designing, 
implementing and documenting each LEED credit.  


c. Describe, through narrative, the approach that is taken to achieve 
each LEED credit.  Include a schedule for task completion that 
corresponds with the overall Construction Schedule. 


d. Provide new performance criteria and concept drawings for any 
items required to achieve the LEED Certification which are not 
included in the Contract Documents. 


2. Submittals for review during Construction Documents Phase. 
a. Update the LEED matrix identifying the credits and points selected 


to achieve at a minimum, the required LEED certification. 
3. Submittals for review during Construction Phase. 


a. Update the LEED matrix identifying the credits and points selected 
to achieve at a minimum, the required LEED certification.  


b. Draft copies of the Construction Submittal Credit Templates (refer to 
LEED Design submittal requirements) and required LEED 
documentation. 


4. Submittals for review at time of Closeout.  
a. Final the LEED matrix identifying the credits and points selected to 


achieve at a minimum, the required LEED certification.  
b. Final copies of the Construction Submittal Credit Templates (refer to 


LEED Design submittal requirements) and required LEED 
documentation. 


c. LEED Certification documentation from USGBC. 
5. All approved Substitution Request Forms related to this Section.  


1.10 SPECIAL PRODUCTS AND SUBSITUTIONS  


A. Notify the Owner’s Representative when Design-Builder wishes to substitute 
materials, equipment, or products that meet the aesthetic and programmatic intent of 
the Construction Documents and offer equivalent or increased environmental 
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sensitivity to materials, equipment, or products specified to meet LEED requirements 
as indicated in the Construction Documents. 


B. Substitutions that may affect LEED certification must be clearly stated as such.  


C. Comply with the requirements of Division 1 as follows:  
1. Prior to submitting detailed information submit the following for initial review 


by the LEED Manger Professional.  
a. Product data including manufactures names, address, and phone 


number.  
b. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
c. Description of the differences of the proposed substitution from 


specified product related to LEED requirements.  Include description 
of environmental advantages of proposed substitution over specified 
product.  


d. The Design-Builder is responsible for re-submittal of all calculations, 
and documentation of products or material substitutions that affect 
LEED prerequisites and applies to any credits previously submitted 
as part of the LEED Design Application Submittal and all credits 
included in the LEED Construction Submittal.  Products that do not 
meet these requirements should not be submitted for substitution. 


e. Substitutions of materials and products specified as part of the 
Agreement Documents in the following areas (but not necessarily 
limited to these items) will require review and potential re-submittal 
of LEED Design Application Pre-requisites and Credits: 
1) Interior and Exterior Lighting systems and controls 


f. Substituted products must not be ordered or installed without written 
acceptance by the Owner. 


2. Requests for Substitutions  
a. Submit a separate request for each LEED related product 


substitution. 
b. Identify product Specification Section and LEED credit or credits, if 


applicable. 
c. List similar projects using product, dates of installation, and names 


of builders and owners. 
d. Give itemized comparison of proposed substitution with specified 


product, listing variations, and reference Specification Section and 
Article number. 


e. Include copy of Material Safety Data Sheet (MSDS) if applicable.  
f. Give cost data comparing proposed substitution with specified 


product and amount of net change to Agreement Sum.  The cost 
data should be based on life cycle analysis for each affected 
product including annual energy consumption and maintenance 
costs. 


g. Identify the effect of substitution on construction schedule and 
changes required in other work of products. 
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PART 2 - PRODUCTS – NOT USED 


PART 3 - EXECUTION 


3.1 LEED DOCUMENTATION 


A. General 
1. Documentation is listed according to the appropriate LEED prerequisite or 


credit.  Some credits may be modified, removed or added during the course 
of construction as required to obtain the LEED


 
rating as required by the 


Owner.  At the Owner’s preference the Design-Build contractor is 
responsible for providing engineering support for available measures listed 
in the following sections. 


B. General Requirements 
1. Coordinate with the electrical contractor to ensure that the LEED electrical 


and lighting requirements are satisfied. 
2. Coordinate with the General Contractor to ensure that the LEED general 


requirements are satisfied. 


3.2 INTEGRATIVE PROCESS 


A. Credit 1 – Integrative Process 
1. Perform an energy modeling analysis and a preliminary water budget 


analysis before the completion of schematic design.  Document how the 
analysis informed site, building form and design decisions in the project’s 
OPR, BOD and eventual design. Demonstrate how at least one on-site non-
potable water supply source was used. 


3.3 SUSTAINABLE SITES 


A. Credit 4.3 – Alternative Transportation 
1. Option 1- Provide preferred parking for low-emitting and fuel efficient 


vehicles for 5% of the total parking capacity for the site. 
2. Option 2-Install electrical vehicle supply equipment (EVSE) in 3% of all 


parking spaces used by the project. Clearly identify and reserve these 
spaces for the sole use by plug-in electric vehicles. The EVSE must: 
a. Provide a Level 2 charging capacity (208 – 240 volts) or greater. 
b. Comply with the relevant regional or local standard for electrical 


connectors, such as SAE Surface Vehicle Recommended Practice 
J1772, SAE Electric Vehicle Conductive Charge Coupler or IEC 
62196 of the International Electrotechnical Commission for projects 
outside the U.S. 


c. Be networked or internet addressable and be capable of 
participating in a demand-response program or time-of-use pricing 
to encourage off-peak charging. 


3. Option 3-Provide low-emitting and fuel-efficient vehicles for 3% of full time 
equivalent (FTE) occupants. 


3.4 SUSTAINABLE SITES 


A. Credit 8 – Light Pollution Reduction 
1. For Interior Lighting –  
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a. Option 1 – Reduce the input power of all nonemergency interior 
luminaires with a direct line of sight to any openings in the envelope 
by at least 50% between 11 PM and 5 AM. 


b. Option 2 – All openings in the envelope with a direct line of sight to 
any nonemergency luminaires must have shielding 
(closed/controlled by automatic device for a resultant transmittance 
of less than 10% between 11 PM and 5 AM).  


2. For Exterior Lighting – Light areas only as required for safety and comfort.  
Lighting power densities must not exceed ANSI/ASHRAE/IESNA Standard 
90.1-2007 for the classified zone. 


3.5 ENERGY AND ATMOSPHERE 


A. Credit 2 – On-Site Renewable Energy.  Provide documentation of energy produced 
on-site using solar, solar thermal, wind, geo thermal or micro-hydro based 
renewable energy systems compared to building annual energy cost from EA Credit 
1.  Coordinate with project team to optimize points for renewable energy. 


B. Credit 5 – Measurement and Verification 
1. Option 1 – Develop and implement a measurement and verification (M&V) 


plan consistent with Option D: Calibrated Simulation as specified in the 
International Performance Measurement and Verification Protocol (IPMVP) 
Volume III: Concepts and Options for Determining Energy Savings in New 
Construction, April, 2003.  The M&V period must cover at least one year of 
post-construction occupancy.  Provide a process for corrective action if the 
results of the M&V plan indicate that energy savings are not being achieved. 


2. Option 2 – Develop and implement a measurement and verification (M&V) 
plan consistent with Option B: Energy Conservation Measure and Isolation, 
as specified in the International Performance Measurement and Verification 
Protocol (IPMVP) Volume III: Concepts and Options for Determining Energy 
Savings in New Construction, April, 2003.  The M&V period must cover at 
least one year of post-construction occupancy.  Provide a process for 
corrective action if the results of the M&V plan indicate that energy savings 
are not being achieved. 


3.6 INDOOR ENVIRONMENTAL QUALITY 


A. Credit 6.1 Controllability of Systems for Lighting 
1. Provide individual lighting controls for 90% minimum of the building 


occupants to enable adjustments to suit individual task needs and 
preferences. 


2. Provide lighting system controls for all shared multi-occupant spaces to 
enable adjustments that meet group needs and preferences.   


3.7 INNOVATION & DESIGN PROCESS 


A. Credit 1 - Innovation in Design 
1. Coordinate with Architect and General Contractor for LEED Letter Template 


information required for applicable Innovation in Design credit(s). 


END OF SECTION 





		PART 1 - GENERAL

		1.1 PURPOSE

		A. The owner is pursuing a LEED v3 Gold certification for the project.

		B. The purpose of this Section is to define the LEED design and documentation submittal requirements the Design-Build contractor is responsible for and must include in his work.  The electrical design-build subcontractor shall support these efforts throughout design and construction.  Reduction in scope of work or reduction in specified equipment efficiency will not be allowed for this project.

		C. LEED documentation and calculations will be required for the prerequisites and credits as listed in this Section.  The contractors involved in performing work for this Section shall provide documentation where necessary to assist the Design Professionals in completing all documentation to obtain LEED certification.  The Design Professionals will be responsible for final documentation submittal, along with the other discipline design professionals, to USGBC.  Contractor may obtain further program documentation by visiting www.usgbc.com.

		D. Contractor(s) shall demonstrate and provide systems and functions that meet or exceed the requirements of the LEED certification process listed herein and in all other Division 26 Electrical sections and the construction drawings.



		1.2 APPLICABLE REQUIREMENTS

		A. All work under this Section shall comply with the requirements of General Conditions, Supplemental Conditions, Special Conditions and Division 01, “General Requirements” and shall include all Electrical Sections specified herein.



		1.3 RELATED WORK SPECIFIED ELSEWHERE  (NOTE TO EDITOR: REVISE APPLICABLE SECTIONS BELOW.)

		A. All Division 26 Electrical sections included herein.



		1.4 APPLICABLE STANDARDS OR GUIDELINES

		A. Provide in accordance with requirements of the United States Green Building Council (USGBC) for the following:

		2. LEED Green Building Rating System for Existing Buildings as published by the USGBC.

		3. LEED for Commercial Interiors Rating System as published by the USGBC.





		1.5 DESIGN SUBMITTALS

		A. Contractor shall submit LEED documentation and calculations as required as a project team member.

		1. The Design-Builder must coordinate with the project LEED Manager Professional who will be responsible for all aspects of the LEED process.

		2. The Design-Builder must designate an on-site field staff person to assist the LEED Manager Professional and be the contact for all LEED prerequisites and credit documentation, subcontractor supervision and submittal coordination and to manage the Design-Builder’s portions of the LEED-Online submittal process.

		3. Documentation for LEED prerequisites and credit must be submitted in the format required by the USGBC for review using LEED-Online. Including all required credit audit documentation, completion of LEED calculators, and LEED credit templates. 

		4. Additional information on LEED and how to purchase copies of the LEED v3 for BD+C: New Construction and major Renovation reference guide and how to use LEED-Online can be found at www.usgbc.org and https://LEEDonline.usgbc.org





		1.6 QUALITY ASSURANCE (QA)

		A. Design-Builder will identify one person on Design-Builder’s staff to be responsible for compliance and coordination of responsibilities contained in this specification section.

		1. QA Responsibilities:

		a. Review Criteria Documents carefully for LEED

		b. Coordinate work of trades, subcontractors, and suppliers relating to LEED-related issues.

		c. Instruct workers relating to LEED-related issues.

		d. Oversee Design-Build LEED-related issues.

		e. Coordinate with Commissioning Authority on all Commissioning related activities and requirements.



		2. QA in Job Progress Meetings:

		a. All regularly scheduled job progress meetings will contain a heading for Environmental Procedures and LEED.

		b. All regularly scheduled job meetings will contain a heading for Commissioning Items on the Agenda.

		c. Environmental Procedures and Commissioning will be presented at the following meetings:

		1) Pre-construction meeting.

		2) Pre-installation meetings.

		3) Special sustainability issues meetings.

		4) Commissioning Scoping Meeting.







		B. QA in Pre-Design Meeting: Soon after award of Agreement, the Design Builder must coordinate with the LEED Manager to schedule and conduct a meeting with the Owner and discipline designers to discuss the Design Builder's Proposed Environmental Procedure Compliance Plan(s).



		1.7 LEED CERTIFICATION MEETINGS

		A. Design-Builder will conduct LEED Certification meetings as required with his sub-consultants and subcontractors, in addition to those meetings outlined in Agreement.  Meetings must be attended by the following personnel:

		1. Design-Builder’s Project Manager 

		2. Owner

		3. Design-Builder’s LEED professional staff persons

		4. Sub-consultant representatives as appropriate to stage of work

		5. Subcontractor representatives as appropriate to stage of work



		B. At a minimum, LEED certification goals and issues will be discussed at the following meetings:

		1. Preconstruction Meetings

		2. Progress Meetings

		3. Subcontractor Meetings

		4. Monthly Design-Build LEED Meetings.  Meetings should be scheduled as a part of regularly scheduled job meetings on site.





		1.8 LEED COMPLIANCE

		A. Design-Builder must prepare and submit with its Proposal during the RFP Phase, a LEED Compliance Plan for determining compliance of proposed design with certification as defined by the LEED program. The Plan will include a LEED Credit matrix and a discussion accompanying and/or associated with each and every intended/selected credit point describing how the design will comply with that specific credit requirement.  These in turn will be correlated to a timeline that will adequately illustrate:

		1. The definition and applied requirement of each credit in the design and/or construction.

		2. The implementation of that credit into the actual work.

		3. The expected compilation of the required credit submittal documents for each goal.

		4. The date of submission of all the required documentation to the US Green Building Council.

		5. The expected time period for corrections and resubmissions.

		6. The final approval for LEED Certification.



		B. Along with the Design-Builder Submittal Procedures as specified elsewhere in the specification sections, submit the following:

		1. All proposed substitution requests that may affect meeting requirements of this Section and the LEED certification program.

		2. All LEED Submittals necessary for the certification process and in accordance with the LEED Compliance Plan.



		C. This specification section is intended to supplement and not supersede the requirements of other sections of the specifications and drawings.



		1.9 SUBMITTALS

		A. Submit additional LEED submittal requirements included in other Sections of the Specifications.

		B. Design-Builder must submit and receive approval from the USGBC on enough credits as required to achieve the required LEED Project Certification rating.

		C. LEED submittals must be prepared and submitted using the LEED-Online Credit web based application and minimum system requirements.

		1. The Design-Builder is responsible for obtaining Project access to LEED-Online and joining the Project.

		2. Once the Design-Builder has joined the Project through LEED-Online, the LEED Consultant will assign the LEED credits that the Design-Builder is responsible for completing.



		D. LEED submittals are in addition to other submittals.  If submitted item is identical to that submitted to comply with other requirements, submit duplicate copies as a separate submittal to verify compliance with indicated LEED requirements.

		E. Design-Build Materials Cost Data:

		1. Specific Material cost data for individual components and materials (not including labor) will be required to be provided as part of some LEED pre-requisite and credit requirements submittals.

		2. Consistent numbers must be applied to various LEED credits submittals requiring similar material cost data.



		F. Complete required LEED -Online Credit Templates declaring that all LEED credit requirements have been met. 

		G. With submittals provide the following: 

		1. Submittals for review with Basis of Design.

		a. LEED matrix identifying both the design and construction credits selected to achieve the LEED certification. 

		b. Identify key players who are responsible for designing, implementing and documenting each LEED credit. 

		c. Describe, through narrative, the approach that is taken to achieve each LEED credit.  Include a schedule for task completion that corresponds with the overall Construction Schedule.

		d. Provide new performance criteria and concept drawings for any items required to achieve the LEED Certification which are not included in the Contract Documents.



		2. Submittals for review during Construction Documents Phase.

		a. Update the LEED matrix identifying the credits and points selected to achieve at a minimum, the required LEED certification.



		3. Submittals for review during Construction Phase.

		a. Update the LEED matrix identifying the credits and points selected to achieve at a minimum, the required LEED certification. 

		b. Draft copies of the Construction Submittal Credit Templates (refer to LEED Design submittal requirements) and required LEED documentation.



		4. Submittals for review at time of Closeout. 

		a. Final the LEED matrix identifying the credits and points selected to achieve at a minimum, the required LEED certification. 

		b. Final copies of the Construction Submittal Credit Templates (refer to LEED Design submittal requirements) and required LEED documentation.

		c. LEED Certification documentation from USGBC.



		5. All approved Substitution Request Forms related to this Section. 





		1.10 SPECIAL PRODUCTS AND SUBSITUTIONS 

		A. Notify the Owner’s Representative when Design-Builder wishes to substitute materials, equipment, or products that meet the aesthetic and programmatic intent of the Construction Documents and offer equivalent or increased environmental sensitivity to materials, equipment, or products specified to meet LEED requirements as indicated in the Construction Documents.

		B. Substitutions that may affect LEED certification must be clearly stated as such. 

		C. Comply with the requirements of Division 1 as follows: 

		1. Prior to submitting detailed information submit the following for initial review by the LEED Manger Professional. 

		a. Product data including manufactures names, address, and phone number. 

		b. Include copy of Material Safety Data Sheet (MSDS) if applicable. 

		c. Description of the differences of the proposed substitution from specified product related to LEED requirements.  Include description of environmental advantages of proposed substitution over specified product. 

		d. The Design-Builder is responsible for re-submittal of all calculations, and documentation of products or material substitutions that affect LEED prerequisites and applies to any credits previously submitted as part of the LEED Design Application Submittal and all credits included in the LEED Construction Submittal.  Products that do not meet these requirements should not be submitted for substitution.

		e. Substitutions of materials and products specified as part of the Agreement Documents in the following areas (but not necessarily limited to these items) will require review and potential re-submittal of LEED Design Application Pre-requisites and Credits:

		1) Interior and Exterior Lighting systems and controls



		f. Substituted products must not be ordered or installed without written acceptance by the Owner.



		2. Requests for Substitutions 

		a. Submit a separate request for each LEED related product substitution.

		b. Identify product Specification Section and LEED credit or credits, if applicable.

		c. List similar projects using product, dates of installation, and names of builders and owners.

		d. Give itemized comparison of proposed substitution with specified product, listing variations, and reference Specification Section and Article number.

		e. Include copy of Material Safety Data Sheet (MSDS) if applicable. 

		f. Give cost data comparing proposed substitution with specified product and amount of net change to Agreement Sum.  The cost data should be based on life cycle analysis for each affected product including annual energy consumption and maintenance costs.

		g. Identify the effect of substitution on construction schedule and changes required in other work of products.









		PART 2 - PRODUCTS – NOT USED

		PART 3 - EXECUTION

		3.1 LEED DOCUMENTATION

		A. General

		1. Documentation is listed according to the appropriate LEED prerequisite or credit.  Some credits may be modified, removed or added during the course of construction as required to obtain the LEED rating as required by the Owner.  At the Owner’s preference the Design-Build contractor is responsible for providing engineering support for available measures listed in the following sections.



		B. General Requirements

		1. Coordinate with the electrical contractor to ensure that the LEED electrical and lighting requirements are satisfied.

		2. Coordinate with the General Contractor to ensure that the LEED general requirements are satisfied.





		3.2 INTEGRATIVE PROCESS

		A. Credit 1 – Integrative Process

		1. Perform an energy modeling analysis and a preliminary water budget analysis before the completion of schematic design.  Document how the analysis informed site, building form and design decisions in the project’s OPR, BOD and eventual design. Demonstrate how at least one on-site non-potable water supply source was used.





		3.3 SUSTAINABLE SITES

		A. Credit 4.3 – Alternative Transportation

		1. Option 1- Provide preferred parking for low-emitting and fuel efficient vehicles for 5% of the total parking capacity for the site.

		2. Option 2-Install electrical vehicle supply equipment (EVSE) in 3% of all parking spaces used by the project. Clearly identify and reserve these spaces for the sole use by plug-in electric vehicles. The EVSE must:

		a. Provide a Level 2 charging capacity (208 – 240 volts) or greater.

		b. Comply with the relevant regional or local standard for electrical connectors, such as SAE Surface Vehicle Recommended Practice J1772, SAE Electric Vehicle Conductive Charge Coupler or IEC 62196 of the International Electrotechnical Commission for projects outside the U.S.

		c. Be networked or internet addressable and be capable of participating in a demand-response program or time-of-use pricing to encourage off-peak charging.



		3. Option 3-Provide low-emitting and fuel-efficient vehicles for 3% of full time equivalent (FTE) occupants.





		3.4 SUSTAINABLE SITES

		A. Credit 8 – Light Pollution Reduction

		1. For Interior Lighting – 

		a. Option 1 – Reduce the input power of all nonemergency interior luminaires with a direct line of sight to any openings in the envelope by at least 50% between 11 PM and 5 AM.

		b. Option 2 – All openings in the envelope with a direct line of sight to any nonemergency luminaires must have shielding (closed/controlled by automatic device for a resultant transmittance of less than 10% between 11 PM and 5 AM). 



		2. For Exterior Lighting – Light areas only as required for safety and comfort.  Lighting power densities must not exceed ANSI/ASHRAE/IESNA Standard 90.1-2007 for the classified zone.





		3.5 ENERGY AND ATMOSPHERE

		A. Credit 2 – On-Site Renewable Energy.  Provide documentation of energy produced on-site using solar, solar thermal, wind, geo thermal or micro-hydro based renewable energy systems compared to building annual energy cost from EA Credit 1.  Coordinate with project team to optimize points for renewable energy.

		B. Credit 5 – Measurement and Verification

		1. Option 1 – Develop and implement a measurement and verification (M&V) plan consistent with Option D: Calibrated Simulation as specified in the International Performance Measurement and Verification Protocol (IPMVP) Volume III: Concepts and Options for Determining Energy Savings in New Construction, April, 2003.  The M&V period must cover at least one year of post-construction occupancy.  Provide a process for corrective action if the results of the M&V plan indicate that energy savings are not being achieved.

		2. Option 2 – Develop and implement a measurement and verification (M&V) plan consistent with Option B: Energy Conservation Measure and Isolation, as specified in the International Performance Measurement and Verification Protocol (IPMVP) Volume III: Concepts and Options for Determining Energy Savings in New Construction, April, 2003.  The M&V period must cover at least one year of post-construction occupancy.  Provide a process for corrective action if the results of the M&V plan indicate that energy savings are not being achieved.





		3.6 INDOOR ENVIRONMENTAL QUALITY

		A. Credit 6.1 Controllability of Systems for Lighting

		1. Provide individual lighting controls for 90% minimum of the building occupants to enable adjustments to suit individual task needs and preferences.

		2. Provide lighting system controls for all shared multi-occupant spaces to enable adjustments that meet group needs and preferences.  





		3.7 INNOVATION & DESIGN PROCESS

		A. Credit 1 - Innovation in Design

		1. Coordinate with Architect and General Contractor for LEED Letter Template information required for applicable Innovation in Design credit(s).
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PART 1 - GENERAL 


1.1 GENERAL 


A. It is the intent of these acceptance tests to assure that all Contractor supplied 
equipment is operational and within industry and manufacturer’s tolerances and is 
installed in accordance with designed specifications.  It is incumbent on the General 
Contractor or Electrical Sub-Contractor to retain the services of a National Electrical 
Testing Association (NETA) firm, to test the supplied equipment, and acquire the 
data / information needed to determine protective relay settings, to program said 
relays and to provide written confirmation that said relays and other protective 
components of the electrical system are operating as intended. 


B. The acceptance tests and inspections shall determine suitability for energization of 
switchgear and cables. 


C. Items that shall be checked, inspected, and tested include, but are not limited to, the 
following: 
1. SF6 switches and overcurrent protection devices 
2. 15kV Switchgear and associated breakers 
3. Electro-mechanical Relays 
4. Digital Multi-function Relays (i.e. Schweitzer Engineering Labs)  
5. Ammeters 
6. Voltmeter 
7. Wattmeters 
8. Varmeters 
9. Voltage transducer 
10. Current transducers 
11. Watt transducers 
12. Var transducers 
13. AUX compartment with control power transformer 
14. AUX compartment with potential transformer 
15. AUX compartment with batteries and rectifier 
16. Sets of Current Transformers 
17. Surge arrestors 
18. Grounding system 
19. Power/Lighting panelboards 
20. 15kV rated cable 
21. 600V rated cable 
22. Substations and distribution switchgear 
23. Automatic Transfer Switches 
24. Batteries / battery systems / Central battery equipment for emergency 


lighting 


1.2 APPLICABLE CODES 


A. All inspections and tests shall be in accordance with the following applicable codes 
and standards except as provided otherwise herein. 
1. California Electrical Code - CEC 2010 Edition. 
2. National Electrical Manufacturer’s Association - NEMA. 
3. American Society for Testing and Materials - ASTM. 
4. Institute of Electrical and Electronic Engineers - IEEE. 
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5. National Electrical Testing Association - NETA. 
6. American National Standards Institute - ANSI: 


a. C2, National Electrical Safety Code 
b. Z244-1, American National Standard for Personnel Protection 


7. State Codes and Ordinances. 
8. Insulated Cable Engineers Association - ICEA. 
9. Association of Edison Illuminating Companies - AEIC. 
10. Occupational Safety and Health Administration: 


a. Part 1910, Subpart S, 1910.308 
b. Part 1926, Subpart V, 1926.950 through 1926.960 


11. National Fire Protection Association - NFPA: 
a. ANSI/NFPA 70B, Electrical Equipment Maintenance 
b. NFPA 70E, Electrical Safety Requirements for Employee 


Workplaces 
c. CEC, California Electrical Code 2013 Edition 
d. ANSI/NFPA 78, Lightning Protection Code 
e. ANSI/NFPA 101, Life Safety Code 


12. All inspections and tests shall utilize the following references: 
a. Project Design Specification. 
b. Project Design Drawings. 
c. Manufacturer’s instruction manuals applicable to each particular 


apparatus. 


1.3 QUALIFICATIONS OF TESTING AGENCY 


A. The testing firm shall be an independent testing organization which can function as 
an unbiased testing authority, professionally independent of the manufacturers, 
suppliers, and installers of equipment or systems evaluated by the testing firm. 


B. The testing firm shall be regularly engaged in the testing of electrical equipment 
devices, installations, and systems. 


C. The testing firm and all the testing personnel shall have been engaged in such 
practices for a minimum of ten years. 


D. The testing firm shall meet federal OSHA criteria for accreditation of testing 
laboratories, Title 29, Parts 1907, 1910, and 1936.  Full membership in the National 
Electrical Testing Association constitutes proof of such criteria. 


E. The lead, on site, technical person shall be currently certified by the National 
Electrical Testing Associate (NETA) in Electrical Power Distribution System Testing. 


F. Testing firm shall utilize only full-time technicians who are regularly employed by the 
firm for testing services.  Electrically unskilled employees are not permitted to 
perform testing or assistance of any kind.  Electricians may assist, but may not 
perform testing and/or inspection services. 


G. The testing firm shall submit proof of the above qualifications. 


H. The testing firm shall be an independent organization as defined by OSHA Title 29, 
Part 1936 and the National Electrical Testing Association. 
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I. All instruments used by the testing firm to evaluate electrical performance shall meet 
NETA’s Specifications for Test Instruments. (See Section 1.7 of this specification). 


J. The terms used herewith such as Test Agency, Testing Laboratory, or Contractor 
Test Company, shall be construed to mean testing firm. 


1.4 RESPONSIBILITIES 


A. The Contractor shall notify the Owner’s Representative prior to commencement of 
any testing. 


B. The testing firm shall gather all field data and equipment data, shall perform all 
required equipment testing and protective studies, shall perform all required 
calculations and analysis, shall determine all required overcurrent device settings 
(relay settings, breaker trip points, fuse sizes, etc.), shall implement said overcurrent 
device settings, and shall produce and affix all warning labels.     


C. Any system, material or workmanship which is found defective on the basis of 
acceptance tests shall be reported. 


D. The testing firm shall maintain a written record of all tests and upon completion of 
project, assemble and certify a final test report. 


E. A stable source of 60 hertz power shall be provided for testing purposes by the 
Contractor.  All tests shall be witnessed by Owner’s Representative and a minimum 
of 14 days’ notice shall be provided. 


1.5 TEST EQUIPMENT 


A. Test Instrument Calibration 
1. The testing firm shall have a calibration program which assures that all 


applicable test instrumentation are maintained within rated accuracy. 
2. The accuracy shall be directly traceable to the National Bureau of 


Standards. 
3. Instruments shall be calibrated in accordance with the following frequency 


schedule: 
a. Field instruments:  Analog - 6 months maximum 
b. Digital - 12 months maximum 
c. Laboratory Instruments - 2months 
d. Leased specialty equipment - 12 months (where accuracy is 


guaranteed by lessor) 
4. Dated calibration labels shall be visible on all test equipment. 
5. Records must be kept up-to-date which show date and results of 


instruments calibrated or tested. 
6. An up-to-date instrument calibration instruction and procedure will be 


maintained for each test instrument. 
7. Calibrating standard shall be of higher accuracy than that of the instrument 


tested. 


1.6 TEST REPORTS 


A. The test report shall include the following: 
1. Summary of project. 







SAN DIEGO STATE UNIVERSITY         SECTION 260400 
EIS COMPLEX                                  ACCEPTANCE TESTING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 260400 - 4 Michael Wall Engineering 


2. Description of equipment/device tested. 
3. Description of test, including date, time, and duration of test. 
4. Test results. 
5. Conclusions and recommendations. 
6. Appendix, including appropriate test forms. 
7. Identification of test equipment used. 
8. Signature of responsible test organization authority. 
9. Signature of the person witnessing the tests. 
10. Furnish five copies of the complete report to the Owner’s Representative no 


later than thirty (30) days after completion of project unless otherwise 
directed. 


1.7 SAFETY AND PRECAUTIONS 


A. Safety practices shall include, but are not limited to, the following requirements: 
1. Occupational Safety and Health Act of 1970 - OSHA. 
2. Accident Prevention Manual for Industrial Operations, National Safety 


Council, Chapter 4. 
3. Applicable State safety operating procedures. 
4. NETA Safety/Accident Prevention Program. 
5. Owner’s safety practices. 
6. National Fire Protection Association - NFPA 70E. 
7. ANSI Z244.1 American National Standards for Personnel Protection. 


B. All tests shall be performed with apparatus de-energized except where otherwise 
specifically required. 


C. The testing firm shall have a designated safety representative on the project to 
supervise operations with respect to safety. 


1.8 PROTECTIVE DEVICE COORDINATION AND ARC-FLASH STUDY 


A. A protective coordination study and arc-flash study shall be performed using SKM’s 
Dapper or equal software to select or check the selection of power fuse ratings, 
protective relay characteristics and settings, ratios, characteristics of associated 
voltage breaker trip characteristics and settings, and arc-flash hazard levels. 


B. The studies shall include all voltage classes of equipment from the Owner’s main 
incoming line and down to and including panelboards.  The entire electrical system 
shall be included in the studies including all emergency equipment and feeders.  
Verify characteristics and settings of existing devices in the field and from the 
manufacturer. 


C. The time-current characteristics of the specified protective devices shall be plotted 
on the appropriate log-log paper.  The plots shall include complete titles, 
representative one-line diagrams of both buildings and legends, associated relays or 
fuse characteristics, significant motor starting characteristics, complete parameters 
of transformers, complete operating bands of low voltage circuit breaker trip curves, 
and fuse curves.  The coordination plots shall indicate the types of protective 
devices selected, proposed relay taps, time dial and instantaneous trip settings, 
cable damage curves, symmetrical and asymmetrical fault currents.  All 
requirements of the current National Electrical Code shall be adhered to.  
Reasonable coordination intervals and separation of characteristic curves shall be 
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maintained.  Separate coordination plots for phase and ground protective devices 
shall be provided on a system basis.  Separate curves shall be used to clearly 
indicate the coordination achieved for feeder breakers with downstream fuses and 
circuit breakers in switchgear and substations.  There shall be a maximum of six 
protective devices per plot. 


D. The selection and setting of the protective devices shall be provided separately in a 
tabulated form listing circuit identification, IEEE device number, current transformer 
ratios, manufacturer, type, range of adjustment, and recommended settings.  
Discrepancies, problem areas, or inadequacies shall be promptly brought to the 
project Owner’s Representative’s attention. 


E. Five copies of coordination curves and tabulated data indicating selection and 
settings of protective devices shall be submitted to the Owner’s Representative for 
approval. 


PART 2 - EQUIPMENT VERIFICATIONS, TESTS, AND CALIBRATIONS 


2.1 GENERAL 


A. As part of the contract, the Contractor shall perform tests of installed work as herein 
specified and specified in other Sections of these Specifications. 


B. The Contractor shall provide all materials, equipment, labor and technical 
supervision to perform such tests and inspections. 


C. All tests shall be performed in compliance with the recommendations and 
requirements of the National Electrical Testing Association, Inc. (NETA), and 
applicable codes and standards. 


D. Upon completion of the tests and inspections noted in these Specifications, a label 
shall be attached to all serviced devices.  These labels shall indicate date serviced 
and the service company responsible. 


E. The test and inspections shall determine suitability for continued reliable operation. 


F. All tests shall be conducted in the presence of the Owner’s Representative.  Provide 
a minimum of two weeks’ notice to the Owner’s Representative. 


G. Furnish the necessary equipment and personnel to perform all required tests of all 
wiring and connections for continuity, short circuit, and improper grounds.  Included, 
but not limited to, the following systems: switchgear, substations, SF6 switches, air 
interrupting switches, low voltage main and feeder circuit breakers, interlocking 
controls, panelboards, distribution transformers, branch circuits. 


2.2 SWITCHGEAR, SUBSTATIONS, DISTRIBUTION BOARDS, AND EMERGENCY SYSTEM-
GENERAL 


A. Visual and mechanical inspection: 
1. Inspect for physical damage and code violations. 
2. Clean interior and exterior surfaces. 
3. Inspect for proper alignment, anchorage, and grounding. 
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4. Check tightness of accessible bolted bus joints by torque wrench method.  
Tighten connections in accordance with industry standard torque levels. 


5. Make closure attempt on locked open devices.  Make opening attempt on 
locked closed devices. 


6. Make exchange with devices operated in off-normal positions. 


B. Electrical tests: 
1. Measure insulation resistance of each bus section phase-to-phase and 


phase-to-ground. 
2. Inspect all accessible bus joints and cable connections by infrared scanner 


to detect loose or high-resistance connections and other circuit anomalies. 
3. Inspect correctness of control wiring. 


2.3 MEDIUM VOLTAGE SF6 SWITCHES AND OVERCURRENT PROTECTION 


A. Testing Agency:  Engage a qualified testing agency to perform tests and 
inspections. 


B. General Field Testing Requirements: 
1. Comply with the provisions of NFPA 70B, "Testing and Test Methods" 


chapter. 
2. Perform each visual and mechanical inspection and electrical test. Certify 


compliance with test parameters. 
3. After installing switchgear but before primary is energized, verify that 


grounding system at the switchgear is tested at the specified value or less. 
4. After installing switchgear and after electrical circuitry has been energized, 


test for compliance with requirements. 


C. Medium-Voltage Switchgear Field Tests: 
1. Visual and Mechanical Inspection: 


a. Verify that current and voltage transformer ratios correspond to 
Drawings. 


b. Inspect bolted electrical connections for high resistance using one 
of the following two methods: 


2. Use a low-resistance ohmmeter to compare bolted connection resistance 
values to values of similar connections. Investigate values that deviate from 
those of similar bolted connections by more than 50 percent of the lowest 
value. 


3. Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method according to manufacturer's published data or 
NETA ATS, Table 100.12. Bolt-torque levels shall be according to 
manufacturer's published data. In the absence of manufacturer's published 
data, use NETA ATS, Table 100.12. 
a. Confirm correct operation and sequencing of electrical and 


mechanical interlock systems. 
4. Attempt closure on locked-open devices. Attempt to open locked-closed 


devices. 
5. Make key exchange with devices operated in off-normal positions. 


a. Inspect control power transformers. 
6. Inspect for physical damage, cracked insulation, broken leads, tightness of 


connections, defective wiring, and overall general condition. 
7. Verify that primary and secondary fuse or circuit breaker ratings match 


Drawings. 
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8. Electrical Tests: 
a. Perform dc voltage insulation-resistance tests on each bus section, 


phase-to-phase and phase-to-ground, for one minute. If the 
temperature of the bus is other than plus or minus 20 degrees C, 
adjust the resulting resistance as provided in NETA ATS, Table 
100.11. 


9. Insulation-resistance values of bus insulation shall be according to 
manufacturer's published data. In the absence of manufacturer's published 
data, comply with NETA ATS, Table 100.1. Investigate and correct values of 
insulation resistance less than manufacturer's recommendations or 
NETA ATS, Table 100.1. 


10. Do not proceed to the dielectric withstand voltage tests until insulation-
resistance levels are raised above minimum values. 
a. Perform a dielectric withstand voltage test on each bus section, 


each phase-to-ground with phases not under test grounded, 
according to manufacturer's published data. If manufacturer has no 
recommendation for this test, it shall be conducted according to 
NETA ATS, Table 100.2. Apply the test voltage for one minute. 


11. If no evidence of distress or insulation failure is observed by the end of the 
total time of voltage application during the dielectric withstand test, the test 
specimen is considered to have passed the test. 
a. Perform insulation-resistance tests on control wiring with respect to 


ground. Applied potential shall be 500 V dc for 300 V-rated cable 
and 1000 V dc for 600 V-rated cable. Test duration shall be one 
minute. For units with solid-state components or control devices that 
cannot tolerate the applied voltage, follow the manufacturer's 
recommendation. 


12. Minimum insulation-resistance values of control wiring shall not be less than 
two megohms. 
a. Voltage Transformers: 


13. Perform secondary wiring integrity test. Verify correct potential at all 
devices. 


14. Verify secondary voltages by energizing the primary winding with system 
voltage. 
a. Perform current-injection tests on the entire current circuit in each 


section of switchgear. 
15. Perform current tests by secondary injection with magnitudes such that a 


minimum current of 1.0 A flows in the secondary circuit. Verify correct 
magnitude of current at each device in the circuit. 


16. Perform current tests by primary injection with magnitudes such that a 
minimum of 1.0 A flows in the secondary circuit. Verify correct magnitude of 
current at each device in the circuit. 
a. Perform system function tests according to "System Function Tests" 


Article. 
b. Verify operation of space heaters. 
c. Perform phasing checks on double-ended or dual-source switchgear 


to ensure correct bus phasing from each source. 


D. Medium-Voltage Vacuum Interrupter Field Tests: 
1. Visual and Mechanical Inspection: 


a. Inspect physical and mechanical condition. 
b. Inspect anchorage, alignment, grounding, and required clearances. 
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c. Verify that maintenance devices such as special tools and gages 
specified by the manufacturer are available for servicing and 
operating the breaker. 


d. Verify the unit is clean. 
e. Perform mechanical operation tests on operating mechanism 


according to manufacturer's published data. 
f. Measure critical distances on operating mechanism as 


recommended by the manufacturer. Critical distances of the 
operating mechanism shall be according to manufacturer's 
published data. 


g. Verify cell fit and element alignment. 
h. Verify racking mechanism operation. 
i. Verify appropriate lubrication on moving current-carrying parts and 


on moving and sliding surfaces. 
j. Verify appropriate lubrication on moving current-carrying parts and 


on moving and sliding surfaces. 
k. Perform time-travel analysis. Travel and velocity values shall be 


according to manufacturer's published data. 
l. Record as-found and as-left operation counter reading. Operation 


counter shall advance one digit per close-open cycle. 
2. Electrical Tests: 


a. Perform insulation-resistance tests for one minute on each pole, 
phase-to-phase and phase-to ground with switch closed, and across 
each open pole. Apply voltage according to manufacturer's 
published data. In the absence of manufacturer's published data, 
comply with NETA ATS, Table 100.1. Insulation-resistance values 
shall be according to manufacturer's published data. In the absence 
of manufacturer's published data, comply with NETA ATS, Table 
100.1. Investigate and correct values of insulation resistance less 
than this table or manufacturer's recommendations. Dielectric-
withstand-voltage tests shall not proceed until insulation-resistance 
levels are raised above minimum values. 


b. Perform a contact/pole-resistance test. Compare bolted connection 
resistance values to values of similar connections. Investigate 
values that deviate from those of similar bolted connections by more 
than 50 percent of the lowest value. Microhm or DC millivolt drop 
values shall not exceed the high levels of the normal range 
according to manufacturer's published data. If manufacturer's 
published data is not available, investigate values that deviate from 
adjacent poles or similar switches by more than 50 percent of the 
lowest value. 


c. Perform minimum pickup voltage tests on trip and close coils 
according to manufacturer's published data. Minimum pickup 
voltage of the trip and close coils shall comply with manufacturer's 
published data. In the absence of manufacturer's published data, 
comply with NETA ATS, Table 100.20. 


d. Verify correct operation of any auxiliary features, such as electrical 
close and trip operation, trip-free operation, and anti-pump function. 
Auxiliary features shall operate according to manufacturer's 
published data. 


e. Trip circuit breaker by operation of each protective device. Reset trip 
logs and indicators. 
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f. Perform power-factor or dissipation-factor tests on each pole with 
the breaker open and each phase with the breaker closed. Power-
factor or dissipation-factor values shall comply with manufacturer's 
published data. 


g. Perform vacuum bottle integrity (dielectric-withstand-voltage) test 
across each vacuum bottle, with the contacts in the "open" position 
according to manufacturer's published data. If no evidence of 
distress or insulation failure is observed by the end of the total time 
of voltage application during the vacuum bottle integrity test, the 
specimen is considered to have passed the test. 


h. Perform a dielectric-withstand-voltage test according to 
manufacturer's published data. If no evidence of distress or 
insulation failure is observed by the end of the total time of voltage 
application during the dielectric-withstand-voltage test, the specimen 
is considered to have passed the test. 


E. Microprocessor-Based Protective Relay Field Tests: 
1. Visual and Mechanical Inspection: 


a. Record model number, style number, serial number, firmware 
revision, software revision, and rated control voltage. 


b. Verify operation of light-emitting diodes, display, and targets. 
c. Record passwords for each access level. 
d. Clean the front panel and remove foreign material from the case. 
e. Check tightness of connections. 
f. Verify that the frame is grounded according to manufacturer's 


instructions. 
g. Set the relay according to results in Section 260573 "Overcurrent 


Protective Device Coordination Study" and in Section 260574 
"Overcurrent Protective Device Arc-Flash Study." 


h. Download settings from the relay. Print a copy of the settings for the 
report and compare the settings to those specified in the 
coordination study. 


2. Electrical Tests: 
a. Perform insulation-resistance tests from each circuit to the grounded 


frame according to manufacturer's published data. 
b. Apply voltage or current to analog inputs, and verify correct 


registration of the relay meter functions. 
c. Functional Operation: Check functional operation of each element 


used in the protection scheme. 
d. Control Verification: 


3. Functional Tests: 
a. Check operation of all active digital inputs. 
b. Check output contacts or silicone-controlled rectifiers, preferably by 


operating the controlled device, such as circuit breaker, auxiliary 
relay, or alarm. 


c. Check internal logic functions used in protection scheme. 
d. Upon completion of testing, reset min/max recorders, 


communications statistics, fault counters, sequence-of-events 
recorder, and event records. 


4. In-Service Monitoring: After the equipment is initially energized, measure 
magnitude and phase angle of inputs and verify expected values. 
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F. Ground Resistance Test: 
1. Visual and Mechanical Inspection: 


a. Verify ground system complies with the Contract Documents and 
NFPA 70 "Grounding and Bonding" Article. 


b. Inspect physical and mechanical condition. Grounding system 
electrical and mechanical connections shall be free of corrosion. 


c. Inspect bolted electrical connections for high resistance using one 
of the following two methods: 


2. Use a low-resistance ohmmeter to compare bolted connection resistance 
values to values of similar connections. Investigate values that deviate from 
those of similar bolted connections by more than 50 percent of the lowest 
value. 


3. Verify tightness of accessible bolted electrical connections by calibrated 
torque-wrench method according to manufacturer's published data or 
NETA ATS, Table 100.12. Bolt-torque levels shall be according to 
manufacturer's published data. In the absence of manufacturer's published 
data, use NETA ATS, Table 100.12. 
a. Inspect anchorage. 


4. Electrical Tests: 
a. Perform fall-of-potential or alternative test according to IEEE 81 on 


the main grounding electrode or system. The resistance between 
the main grounding electrode and ground shall be no more than 
5 ohms. 


b. Perform point-to-point tests to determine the resistance between the 
main grounding system and all major electrical equipment frames, 
system neutral, and derived neutral points. Investigate point-to-point 
resistance values that exceed 0.5 ohms. Compare equipment 
nameplate data with Contract Documents. 


c. Inspect physical and mechanical condition. 
d. Inspect anchorage. 


G. Switchgear will be considered defective if it does not pass tests and inspections. 


H. Prepare test and inspection reports. 


I. System Function Tests 
1. System function tests shall prove the correct interaction of sensing, 


processing, and action devices. Perform system function tests after "Field 
Quality Control" tests have been completed and all components have 
passed specified tests. 
a. Develop test parameters and perform tests for evaluating 


performance of integral components and their functioning as a 
complete unit within design requirements and manufacturer's 
published data. 


b. Verify the correct operation of interlock safety devices for fail-safe 
functions in addition to design function. 


c. Verify the correct operation of sensing devices, alarms, and 
indicating devices. 


J. Follow-Up Service 
1. Infrared Inspection: Perform the survey during periods of maximum possible 


loading. Remove all necessary covers prior to the inspection. 
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a. After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform infrared inspection of the electrical power 
connections of the switchgear. 


b. Instrument: Inspect distribution systems with imaging equipment 
capable of detecting a minimum temperature difference of 1 deg C 
at 30 deg C. 


c. Record of Infrared Inspection: Prepare a certified report that 
identifies the testing technician and equipment used, and lists the 
results as follows: 
1) Description of equipment to be tested. 
2) Discrepancies. 
3) Temperature difference between the area of concern and 


the reference area. 
4) Probable cause of temperature difference. 
5) Areas inspected. Identify inaccessible and unobservable 


areas and equipment. 
6) Identify load conditions at time of inspection. 
7) Provide photographs and thermograms of the deficient 


area. 
d. Act on inspection results according to the recommendations of 


NETA ATS, Table 100.18. Correct possible and probable 
deficiencies as soon as Owner's operations permit. Retest until 
deficiencies are corrected. 


2.4 SURGE ARRESTERS 


A. Visual and mechanical inspection: 
1. Inspect for physical damage such as chipped or fractured porcelain. 
2. Inspect ground and discharge counter connections for integrity. 


B. Electrical tests: 
1. Perform a 60Hz sparkover test. 
2. Perform a radio influence voltage (RIV) test. 
3. Perform an insulation power factor test. 
4. Perform ground continuity test to ground grid system. 


2.5 BATTERY SYSTEM / CENTRAL BATTERY EQUIPMENT FOR EMERGENCY LIGHTING 


A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust components, assemblies, and equipment installations, 
including connections.  Report results in writing. 


B. Perform tests and inspections and prepare test reports. 
1. Manufacturer's Field Service:  Engage a factory-authorized service 


representative to inspect components, assemblies, and equipment 
installations, including connections, and to assist in testing. 


C. Tests and Inspections: 
1. Inspect central battery equipment, wiring, components, connections, and 


equipment installation. Test and adjust components and equipment. 
2. Test insulation resistance for all external branch circuit, feeder, control, and 


alarm wiring connected to central battery equipment element and 
component. 
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3. Test continuity of each circuit. 
4. Verify that input voltages and frequencies at central battery equipment 


locations are within voltage and frequency limits specified in Part 2. If 
outside this range, notify Construction Manager before closing input 
OCPDs. 


5. Perform each visual and mechanical inspection and electrical test stated in 
manufacturer's written instructions and in NETA Acceptance Testing 
Specification, including specifically those for batteries, battery chargers, and 
UPS, regardless of the type of central battery equipment provided. Certify 
compliance with test parameters. 


6. Perform a load-duration test at rated voltage and rated output current to 
verify the correct functional operation of the unit under full-load stable 
operating conditions for the minimum time limits required by UL 924. Monitor 
and record ambient temperature and temperatures within the unit. 


7. Correct malfunctioning units on-site, where possible, and retest to 
demonstrate compliance; otherwise, replace with new units and retest. 


8. Perform the following infrared (thermographic) scan tests and inspections 
and prepare reports: 
a. Initial Infrared Scanning: After Substantial Completion, but not more 


than 60 days after Final Acceptance, perform an infrared scan of 
central battery equipment. Remove front panels so joints and 
connections are accessible to portable scanner. 


b. Follow-up Infrared Scanning: Perform an additional follow-up 
infrared scan of central battery equipment 11 months after date of 
Substantial Completion. 


c. Instruments and Equipment: Use an infrared scanning device 
designed to measure temperature or to detect significant deviations 
from normal values. Provide calibration record for device. 


9. Test and adjust controls, remote monitoring, and safeties. Replace 
damaged and malfunctioning controls and equipment. 


D. Central battery equipment will be considered defective if it does not pass tests and 
inspections. 


E. Prepare test and inspection reports, including a certified report that identifies central 
battery equipment and describes all test results. Include notation of deficiencies 
detected, remedial action taken, and observations made after remedial action. 


2.62.5 INSTRUMENT TRANSFORMER 


A. Visual and mechanical inspection: 
1. Inspect for physical damage and connection tightness. 
2. Check transformer nameplate with singleline diagram. 
3. Check proper operation of grounding or shorting devices. 


B. Electrical tests: 
1. Measure current transformer ratio by primary current injection. 
2. Measure potential transformer ratio. 
3. Measure insulation resistance primary-to-ground, secondary-to-ground and 


primary-to-secondary. 
4. Verify secondary wiring connections by secondary current injection. 
5. Verify transformer polarity markings. 
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6. Perform current transformer saturation test.  Plot transformer voltage current 
curve. 


2.72.6 METERING AND INSTRUMENTATION 


A. Visual and mechanical inspection: 
1. Check all devices for physical damage and connection tightness. 
2. Verify meter nameplate designation. 


B. Electrical tests: 
1. Check calibration of all panel meters at zero, midscale and full scale 


deflections by transfer standard. 
2. Test Digital Instrumentation Package per manufacturer’s requirements. 
3. Verify all instrument multipliers and scale factors. 
4. Check polarities and correct rotations. 


2.82.7 CONTROL POWER TRANSFORMERS - ENCAPSULATED TYPE 


A. Visual and mechanical inspection: 
1. Inspect for physical damage, proper installation, anchorage, and grounding. 
2. Clean interior and all bushing and insulator surfaces. 
3. Verify proper auxiliary device operation such as fans and indicators. 
4. Check tightness of accessible bolted electrical joints.  Tighten connections 


in accordance with industry standards. 


B. Electrical tests: 
1. Perform insulation resistance tests winding-to-winding and winding-to-


ground.  Apply appropriate guard circuit over all bushings. 
2. Perform dielectric absorption test winding-to-winding and winding-to ground 


for ten (10) minutes.  Compute the polarization index. 
3. Perform turns ratio test between windings for all top positions. 
4. Perform insulation power factor tests on all high and low-voltage windings. 
5. Check output voltages. 


2.92.8 PROTECTIVE RELAYS 


A. Visual and mechanical inspection: 
1. Inspect relays for physical damage, presence of foreign material, moisture, 


condition of spiral spring, disc clearance and corrosion. 
2. Clean cover glass interior and relay components. 
3. Check for freedom of movement, proper travel and alignment, and tightness 


of mounting hardware and top screws. 


B. Electrical test: 
1. Perform insulation resistance tests on each circuit branch to frame. 
2. Perform the following tests at the settings specified by Owner’s 


Representative: 
a. Pickup parameters on each operating element. 
b. Timing at three (3) points on time dial curve. 
c. Pickup target and seal in units. 
d. Special test as required to check operation of restraint, and other 


elements per manufacturer’s instructions. 
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3. Perform phase angle and magnitude contribution tests on all differential type 
relays after energization to vectorially prove proper polarity and connection. 


4. Check polarity and correctness of control wiring. 


C. Relay calibration and tests: 
1. Two relay wiring tests shall be made. 


a. Primary circuit polarity test shall include a DC test from the current 
transformer to each terminal block and relay terminal. 


b. Relay and circuit breaker operation test by application of power from 
the portable relay test set. 


D. Relay testing shall be accomplished after completion of the switchgear installation, 
using standard portable test set equipment and the relay manufacturer’s testing 
directions and parameters to determine conformance of the relay to the time-
overcurrent information given in the manufacturer’s performance curves and the tap 
settings provided by coordination study.  Overcurrent relay testing shall include: 
1. Zero set tests. 
2. Pickup tests. 
3. Time-current characteristic (operation at currents 3 and 4 times the directed 


tap settings), and instantaneous at the directed tap setting. 
4. Target and seal-in operation. 


E. Target differential relays shall be tested similarly, except for the following additional 
tests: 
1. Low voltage “through-currents” of approximately “full load” and “fault” 


magnitudes shall be circulated in HV busses.  Bus differential relays shall 
not trip. 


2. Low voltage currents shall be circulated within the differential zones of “low-
fault” and “high-fault” magnitudes.  Bus differential relays shall initiate 
tripping momentarily. 


2.102.9 CABLES 15KV 


A. Testing of cables shall be performed by an independent testing agency at the 
Contractor’s expense.  The testing agency shall have a minimum of 5 years’ 
experience. Each person engaged in the testing procedures shall also meet the 
experience requirements.  Provide to Owner’s Representative documentation, 
including references of the testing agency and agency’s personnel experience, for 
approval. 


B. Visual and mechanical inspections: 
1. Inspect exposed section for tracking corona, and physical damage. 
2. Clean all creepage from surfaces of termination. 


C. Inspect shield grounding, cable support, and termination. 
1. Perform infrared scan of all connections under loaded conditions. 


D. Electrical tests: 
1. Perform shield and conductor continuity test by ohmmeter method.  Record 


ohmic value. 
2. Perform insulation-resistance test of each cable with respect to ground and 


adjacent cables. 
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3. Perform Partial Discharge test of each new conductor according to 
NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's 
recommendations. 


4. Perform Dissipation Factor test of each new conductor according to 
NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's 
recommendations. 


5. Perform DC hypotential test on all new cable, supplied and installed as part 
of the project: 
a. Test each conductor individually with all other conductors grounded.  


All shields to be grounded. 
b. Corona at terminations will be suppressed with guard rings, field 


reduction spheres, or other suitable methods. 
c. Apply DC hypotential in at least eight (8) equal increments until 


maximum test voltage is reached.  Record DC leakage current at 
each step after a constant stabilization time, consistent with system 
charging current decay.  Plot leakage current (X axis) versus 
voltage (Y axis) at each increment. 


d. Raise the test conductor to a maximum test voltage and hold for a 
total of fifteen (15) minutes.  Record readings of leakage current (Y 
axis) versus time (X axis) and plot on thirty (30) second intervals for 
the first two (2) minutes and every minute thereafter.  Perform 
maximum voltage decrement test by reducing the applied voltage to 
zero and monitoring voltage decay versus time.  Apply grounds 
upon completion to drain all absorpic potential to zero. 


e. Test each conductor in accordance with Section E of AEIC C56. 
f. All existing cables that are part of the system and connected to new 


cables or utilized and are part of the project shall be subject to DC 
Hipot tests.  Contractor shall perform VLF testing on these cables to 
confirm their integrity and proper installation. 


2.112.10 LOW VOLTAGE CIRCUIT BREAKERS 100AMPS AND GREATER 


A. Visual and mechanical inspection: 
1. Inspect for physical condition. 
2. Inspect alignment and grounding. 
3. Perform mechanical operator and contact alignment tests on the breaker 


and its operating mechanism in accordance with manufacturer’s 
instructions. 


4. Perform insulation resistance test on control wiring. 
5. Clean mechanism, insulating surfaces and contacts. 


B. Electrical tests: 
1. Measure contact resistance. 
2. Trip overcurrent protective device by operation of each protective device. 
3. Perform an insulation resistance test phase-to-ground, phase-to-phase and 


across open contacts. 
4. Perform insulation resistance test in accordance with Doble procedure. 
5. Perform timing test with Travel Analyzer to insure proper contact overtravel 


and pressure. 


2.122.11 CABLES, LOW VOLTAGE (600 VOLTS AND LESS) 


A. Visual and mechanical inspections: 
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1. Inspect cables for physical damage and proper connection. 
2. Torque test cable connection.  Tighten connections in accordance with 


industry standards. 
3. Perform each visual and mechanical inspection and electrical test stated in 


NETA Acceptance Testing Specification. Certify compliance with test 
parameters. 


4. Infrared Scanning: After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each splice in 
conductors No. 3 AWG and larger. Remove box and equipment covers so 
splices are accessible to portable scanner. Correct deficiencies determined 
during the scan. 
a. Follow-up Infrared Scanning: Perform an additional follow-up 


infrared scan of each splice 11 months after date of Substantial 
Completion. 


b. Instrument: Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values. 
Provide calibration record for device. 


c. Record of Infrared Scanning: Prepare a certified report that 
identifies splices checked and that describes scanning results. 
Include notation of deficiencies detected, remedial action taken and 
observations after remedial action. 


B. Electrical tests: 
1. Perform insulation resistance test of each cable with respect to ground and 


adjacent cables. 


C. Cables will be considered defective if they do not pass tests and inspections. 


2.132.12 GROUNDING SYSTEMS 


A. Visual and mechanical inspection: 
1. Inspect physical and mechanical condition. Verify tightness of accessible, 


bolted, electrical connections with a calibrated torque wrench according to 
manufacturer's written instructions. 


2.  


B. Electrical tests: 
1. After installing grounding system but before permanent electrical circuits 


have been energized, test for compliance with requirements. 
2. Perform “fall of the potential” test per IEEE No. 81, Section 9.03 to 


determine the ground resistance between the main grounding system and 
all major electrical equipment frames, system neutral and/or derived neutral 
points. 


3. Test completed grounding system at each location where a maximum 
ground-resistance level is specified, at service disconnect enclosure 
grounding terminal, and at individual ground rods. Make tests at ground rods 
before any conductors are connected. 
a. Measure ground resistance no fewer than two full days after last 


trace of precipitation and without soil being moistened by any 
means other than natural drainage or seepage and without chemical 
treatment or other artificial means of reducing natural ground 
resistance. 


b. Perform tests by fall-of-potential method according to IEEE 81. 
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4. Prepare dimensioned Drawings locating each test well, ground rod and 
ground-rod assembly, and other grounding electrodes. Identify each by 
letter in alphabetical order, and key to the record of tests and observations. 
Include the number of rods driven and their depth at each location, and 
include observations of weather and other phenomena that may affect test 
results. Describe measures taken to improve test results. 


C. Grounding system will be considered defective if it does not pass tests and 
inspections. 


D. Prepare test and inspection reports. 


E. Report measured ground resistances that exceed the following values: 
1. Power and Lighting Equipment or System with Capacity of 500 kVA and 


Less:  10 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  


5 ohms. 
3. Power and Lighting Equipment or System with Capacity More Than 1000 


kVA:  3 ohms. 
4. Power Distribution Units or Panelboards Serving Electronic Equipment:  3 


ohm(s). 
5. Substations and Pad-Mounted Equipment:  5 ohms. 
6. Manhole Grounds:  10 ohms. 


F. Excessive Ground Resistance: If resistance to ground exceeds specified values, 
notify Architect promptly and include recommendations to reduce ground resistance.  


Contractor will provide additional measures as required to meet the requirements. 


2.14 INFRARED INSPECTION 


A. All doors and cover shall be removed and upon completion of test be reinstalled by 
testing agency technicians. 


B. A load bank shall be furnished to circulate low voltage currents of 400A magnitude 
through each bus, main breaker and feeder breaker.  After two hours infrared scans 
shall be made of all bus joints.  Problem area shall be photographed before and 
after corrections.  After corrections, another current test of two hours duration shall 
be made. Again an infrared scan shall be made to confirm correct operation. 


C. Upon completion, the switchgear shall be energized at 12kV.  After 4 hours, infrared 
scans shall be made to determine areas of excessive corona.  Problem area shall be 
treated the same as under B., above. 


D. Upon completion of infrared scans, all covers and doors shall be reinstalled. 


2.152.13 REPORTS 


A. Provide (5) copies of all test reports, field note, photographs, calculations, daily logs, 
etc. to the Owner at the completion of all testing. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 GENERAL

		A. It is the intent of these acceptance tests to assure that all Contractor supplied equipment is operational and within industry and manufacturer’s tolerances and is installed in accordance with designed specifications.  It is incumbent on the General Contractor or Electrical Sub-Contractor to retain the services of a National Electrical Testing Association (NETA) firm, to test the supplied equipment, and acquire the data / information needed to determine protective relay settings, to program said relays and to provide written confirmation that said relays and other protective components of the electrical system are operating as intended.

		B. The acceptance tests and inspections shall determine suitability for energization of switchgear and cables.

		C. Items that shall be checked, inspected, and tested include, but are not limited to, the following:

		1. SF6 switches and overcurrent protection devices

		2. 15kV Switchgear and associated breakers

		3. Electro-mechanical Relays

		4. Digital Multi-function Relays (i.e. Schweitzer Engineering Labs) 

		5. Ammeters

		6. Voltmeter

		7. Wattmeters

		8. Varmeters

		9. Voltage transducer

		10. Current transducers

		11. Watt transducers

		12. Var transducers

		13. AUX compartment with control power transformer

		14. AUX compartment with potential transformer

		15. AUX compartment with batteries and rectifier

		16. Sets of Current Transformers

		17. Surge arrestors

		18. Grounding system

		19. Power/Lighting panelboards

		20. 15kV rated cable

		21. 600V rated cable

		22. Substations and distribution switchgear

		23. Automatic Transfer Switches

		24. Batteries / battery systems / Central battery equipment for emergency lighting





		1.2 APPLICABLE CODES

		A. All inspections and tests shall be in accordance with the following applicable codes and standards except as provided otherwise herein.

		1. California Electrical Code - CEC 2010 Edition.

		2. National Electrical Manufacturer’s Association - NEMA.

		3. American Society for Testing and Materials - ASTM.

		4. Institute of Electrical and Electronic Engineers - IEEE.

		5. National Electrical Testing Association - NETA.

		6. American National Standards Institute - ANSI:

		a. C2, National Electrical Safety Code

		b. Z244-1, American National Standard for Personnel Protection



		7. State Codes and Ordinances.

		8. Insulated Cable Engineers Association - ICEA.

		9. Association of Edison Illuminating Companies - AEIC.

		10. Occupational Safety and Health Administration:

		a. Part 1910, Subpart S, 1910.308

		b. Part 1926, Subpart V, 1926.950 through 1926.960



		11. National Fire Protection Association - NFPA:

		a. ANSI/NFPA 70B, Electrical Equipment Maintenance

		b. NFPA 70E, Electrical Safety Requirements for Employee Workplaces

		c. CEC, California Electrical Code 2013 Edition

		d. ANSI/NFPA 78, Lightning Protection Code

		e. ANSI/NFPA 101, Life Safety Code



		12. All inspections and tests shall utilize the following references:

		a. Project Design Specification.

		b. Project Design Drawings.

		c. Manufacturer’s instruction manuals applicable to each particular apparatus.







		1.3 QUALIFICATIONS OF TESTING AGENCY

		A. The testing firm shall be an independent testing organization which can function as an unbiased testing authority, professionally independent of the manufacturers, suppliers, and installers of equipment or systems evaluated by the testing firm.

		B. The testing firm shall be regularly engaged in the testing of electrical equipment devices, installations, and systems.

		C. The testing firm and all the testing personnel shall have been engaged in such practices for a minimum of ten years.

		D. The testing firm shall meet federal OSHA criteria for accreditation of testing laboratories, Title 29, Parts 1907, 1910, and 1936.  Full membership in the National Electrical Testing Association constitutes proof of such criteria.

		E. The lead, on site, technical person shall be currently certified by the National Electrical Testing Associate (NETA) in Electrical Power Distribution System Testing.

		F. Testing firm shall utilize only full-time technicians who are regularly employed by the firm for testing services.  Electrically unskilled employees are not permitted to perform testing or assistance of any kind.  Electricians may assist, but may not perform testing and/or inspection services.

		G. The testing firm shall submit proof of the above qualifications.

		H. The testing firm shall be an independent organization as defined by OSHA Title 29, Part 1936 and the National Electrical Testing Association.

		I. All instruments used by the testing firm to evaluate electrical performance shall meet NETA’s Specifications for Test Instruments. (See Section 1.7 of this specification).

		J. The terms used herewith such as Test Agency, Testing Laboratory, or Contractor Test Company, shall be construed to mean testing firm.



		1.4 RESPONSIBILITIES

		A. The Contractor shall notify the Owner’s Representative prior to commencement of any testing.

		B. The testing firm shall gather all field data and equipment data, shall perform all required equipment testing and protective studies, shall perform all required calculations and analysis, shall determine all required overcurrent device settings (relay settings, breaker trip points, fuse sizes, etc.), shall implement said overcurrent device settings, and shall produce and affix all warning labels.    

		C. Any system, material or workmanship which is found defective on the basis of acceptance tests shall be reported.

		D. The testing firm shall maintain a written record of all tests and upon completion of project, assemble and certify a final test report.

		E. A stable source of 60 hertz power shall be provided for testing purposes by the Contractor.  All tests shall be witnessed by Owner’s Representative and a minimum of 14 days’ notice shall be provided.



		1.5 TEST EQUIPMENT

		A. Test Instrument Calibration

		1. The testing firm shall have a calibration program which assures that all applicable test instrumentation are maintained within rated accuracy.

		2. The accuracy shall be directly traceable to the National Bureau of Standards.

		3. Instruments shall be calibrated in accordance with the following frequency schedule:

		a. Field instruments:  Analog - 6 months maximum

		b. Digital - 12 months maximum

		c. Laboratory Instruments - 2months

		d. Leased specialty equipment - 12 months (where accuracy is guaranteed by lessor)



		4. Dated calibration labels shall be visible on all test equipment.

		5. Records must be kept up-to-date which show date and results of instruments calibrated or tested.

		6. An up-to-date instrument calibration instruction and procedure will be maintained for each test instrument.

		7. Calibrating standard shall be of higher accuracy than that of the instrument tested.





		1.6 TEST REPORTS

		A. The test report shall include the following:

		1. Summary of project.

		2. Description of equipment/device tested.

		3. Description of test, including date, time, and duration of test.

		4. Test results.

		5. Conclusions and recommendations.

		6. Appendix, including appropriate test forms.

		7. Identification of test equipment used.

		8. Signature of responsible test organization authority.

		9. Signature of the person witnessing the tests.

		10. Furnish five copies of the complete report to the Owner’s Representative no later than thirty (30) days after completion of project unless otherwise directed.





		1.7 SAFETY AND PRECAUTIONS

		A. Safety practices shall include, but are not limited to, the following requirements:

		1. Occupational Safety and Health Act of 1970 - OSHA.

		2. Accident Prevention Manual for Industrial Operations, National Safety Council, Chapter 4.

		3. Applicable State safety operating procedures.

		4. NETA Safety/Accident Prevention Program.

		5. Owner’s safety practices.

		6. National Fire Protection Association - NFPA 70E.

		7. ANSI Z244.1 American National Standards for Personnel Protection.



		B. All tests shall be performed with apparatus de-energized except where otherwise specifically required.

		C. The testing firm shall have a designated safety representative on the project to supervise operations with respect to safety.



		1.8 PROTECTIVE DEVICE COORDINATION AND ARC-FLASH STUDY

		A. A protective coordination study and arc-flash study shall be performed using SKM’s Dapper or equal software to select or check the selection of power fuse ratings, protective relay characteristics and settings, ratios, characteristics of associated voltage breaker trip characteristics and settings, and arc-flash hazard levels.

		B. The studies shall include all voltage classes of equipment from the Owner’s main incoming line and down to and including panelboards.  The entire electrical system shall be included in the studies including all emergency equipment and feeders.  Verify characteristics and settings of existing devices in the field and from the manufacturer.

		C. The time-current characteristics of the specified protective devices shall be plotted on the appropriate log-log paper.  The plots shall include complete titles, representative one-line diagrams of both buildings and legends, associated relays or fuse characteristics, significant motor starting characteristics, complete parameters of transformers, complete operating bands of low voltage circuit breaker trip curves, and fuse curves.  The coordination plots shall indicate the types of protective devices selected, proposed relay taps, time dial and instantaneous trip settings, cable damage curves, symmetrical and asymmetrical fault currents.  All requirements of the current National Electrical Code shall be adhered to.  Reasonable coordination intervals and separation of characteristic curves shall be maintained.  Separate coordination plots for phase and ground protective devices shall be provided on a system basis.  Separate curves shall be used to clearly indicate the coordination achieved for feeder breakers with downstream fuses and circuit breakers in switchgear and substations.  There shall be a maximum of six protective devices per plot.

		D. The selection and setting of the protective devices shall be provided separately in a tabulated form listing circuit identification, IEEE device number, current transformer ratios, manufacturer, type, range of adjustment, and recommended settings.  Discrepancies, problem areas, or inadequacies shall be promptly brought to the project Owner’s Representative’s attention.

		E. Five copies of coordination curves and tabulated data indicating selection and settings of protective devices shall be submitted to the Owner’s Representative for approval.





		PART 2 - EQUIPMENT VERIFICATIONS, TESTS, AND CALIBRATIONS

		2.1 GENERAL

		A. As part of the contract, the Contractor shall perform tests of installed work as herein specified and specified in other Sections of these Specifications.

		B. The Contractor shall provide all materials, equipment, labor and technical supervision to perform such tests and inspections.

		C. All tests shall be performed in compliance with the recommendations and requirements of the National Electrical Testing Association, Inc. (NETA), and applicable codes and standards.

		D. Upon completion of the tests and inspections noted in these Specifications, a label shall be attached to all serviced devices.  These labels shall indicate date serviced and the service company responsible.

		E. The test and inspections shall determine suitability for continued reliable operation.

		F. All tests shall be conducted in the presence of the Owner’s Representative.  Provide a minimum of two weeks’ notice to the Owner’s Representative.

		G. Furnish the necessary equipment and personnel to perform all required tests of all wiring and connections for continuity, short circuit, and improper grounds.  Included, but not limited to, the following systems: switchgear, substations, SF6 switches, air interrupting switches, low voltage main and feeder circuit breakers, interlocking controls, panelboards, distribution transformers, branch circuits.



		2.2 SWITCHGEAR, SUBSTATIONS, DISTRIBUTION BOARDS, AND EMERGENCY SYSTEM-GENERAL

		A. Visual and mechanical inspection:

		1. Inspect for physical damage and code violations.

		2. Clean interior and exterior surfaces.

		3. Inspect for proper alignment, anchorage, and grounding.

		4. Check tightness of accessible bolted bus joints by torque wrench method.  Tighten connections in accordance with industry standard torque levels.

		5. Make closure attempt on locked open devices.  Make opening attempt on locked closed devices.

		6. Make exchange with devices operated in off-normal positions.



		B. Electrical tests:

		1. Measure insulation resistance of each bus section phase-to-phase and phase-to-ground.

		2. Inspect all accessible bus joints and cable connections by infrared scanner to detect loose or high-resistance connections and other circuit anomalies.

		3. Inspect correctness of control wiring.





		2.3 MEDIUM VOLTAGE SF6 SWITCHES AND OVERCURRENT PROTECTION

		A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.

		B. General Field Testing Requirements:

		1. Comply with the provisions of NFPA 70B, "Testing and Test Methods" chapter.

		2. Perform each visual and mechanical inspection and electrical test. Certify compliance with test parameters.

		3. After installing switchgear but before primary is energized, verify that grounding system at the switchgear is tested at the specified value or less.

		4. After installing switchgear and after electrical circuitry has been energized, test for compliance with requirements.



		C. Medium-Voltage Switchgear Field Tests:

		1. Visual and Mechanical Inspection:

		a. Verify that current and voltage transformer ratios correspond to Drawings.

		b. Inspect bolted electrical connections for high resistance using one of the following two methods:



		2. Use a low-resistance ohmmeter to compare bolted connection resistance values to values of similar connections. Investigate values that deviate from those of similar bolted connections by more than 50 percent of the lowest value.

		3. Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method according to manufacturer's published data or NETA ATS, Table 100.12. Bolt-torque levels shall be according to manufacturer's published data. In the absence of manufacturer's published data, use NETA ATS, Table 100.12.

		a. Confirm correct operation and sequencing of electrical and mechanical interlock systems.



		4. Attempt closure on locked-open devices. Attempt to open locked-closed devices.

		5. Make key exchange with devices operated in off-normal positions.

		a. Inspect control power transformers.



		6. Inspect for physical damage, cracked insulation, broken leads, tightness of connections, defective wiring, and overall general condition.

		7. Verify that primary and secondary fuse or circuit breaker ratings match Drawings.

		8. Electrical Tests:

		a. Perform dc voltage insulation-resistance tests on each bus section, phase-to-phase and phase-to-ground, for one minute. If the temperature of the bus is other than plus or minus 20 degrees C, adjust the resulting resistance as provided in NETA ATS, Table 100.11.



		9. Insulation-resistance values of bus insulation shall be according to manufacturer's published data. In the absence of manufacturer's published data, comply with NETA ATS, Table 100.1. Investigate and correct values of insulation resistance less than manufacturer's recommendations or NETA ATS, Table 100.1.

		10. Do not proceed to the dielectric withstand voltage tests until insulation-resistance levels are raised above minimum values.

		a. Perform a dielectric withstand voltage test on each bus section, each phase-to-ground with phases not under test grounded, according to manufacturer's published data. If manufacturer has no recommendation for this test, it shall be conducted according to NETA ATS, Table 100.2. Apply the test voltage for one minute.



		11. If no evidence of distress or insulation failure is observed by the end of the total time of voltage application during the dielectric withstand test, the test specimen is considered to have passed the test.

		a. Perform insulation-resistance tests on control wiring with respect to ground. Applied potential shall be 500 V dc for 300 V-rated cable and 1000 V dc for 600 V-rated cable. Test duration shall be one minute. For units with solid-state components or control devices that cannot tolerate the applied voltage, follow the manufacturer's recommendation.



		12. Minimum insulation-resistance values of control wiring shall not be less than two megohms.

		a. Voltage Transformers:



		13. Perform secondary wiring integrity test. Verify correct potential at all devices.

		14. Verify secondary voltages by energizing the primary winding with system voltage.

		a. Perform current-injection tests on the entire current circuit in each section of switchgear.



		15. Perform current tests by secondary injection with magnitudes such that a minimum current of 1.0 A flows in the secondary circuit. Verify correct magnitude of current at each device in the circuit.

		16. Perform current tests by primary injection with magnitudes such that a minimum of 1.0 A flows in the secondary circuit. Verify correct magnitude of current at each device in the circuit.

		a. Perform system function tests according to "System Function Tests" Article.

		b. Verify operation of space heaters.

		c. Perform phasing checks on double-ended or dual-source switchgear to ensure correct bus phasing from each source.





		D. Medium-Voltage Vacuum Interrupter Field Tests:

		1. Visual and Mechanical Inspection:

		a. Inspect physical and mechanical condition.

		b. Inspect anchorage, alignment, grounding, and required clearances.

		c. Verify that maintenance devices such as special tools and gages specified by the manufacturer are available for servicing and operating the breaker.

		d. Verify the unit is clean.

		e. Perform mechanical operation tests on operating mechanism according to manufacturer's published data.

		f. Measure critical distances on operating mechanism as recommended by the manufacturer. Critical distances of the operating mechanism shall be according to manufacturer's published data.

		g. Verify cell fit and element alignment.

		h. Verify racking mechanism operation.

		i. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding surfaces.

		j. Verify appropriate lubrication on moving current-carrying parts and on moving and sliding surfaces.

		k. Perform time-travel analysis. Travel and velocity values shall be according to manufacturer's published data.

		l. Record as-found and as-left operation counter reading. Operation counter shall advance one digit per close-open cycle.



		2. Electrical Tests:

		a. Perform insulation-resistance tests for one minute on each pole, phase-to-phase and phase-to ground with switch closed, and across each open pole. Apply voltage according to manufacturer's published data. In the absence of manufacturer's published data, comply with NETA ATS, Table 100.1. Insulation-resistance values shall be according to manufacturer's published data. In the absence of manufacturer's published data, comply with NETA ATS, Table 100.1. Investigate and correct values of insulation resistance less than this table or manufacturer's recommendations. Dielectric-withstand-voltage tests shall not proceed until insulation-resistance levels are raised above minimum values.

		b. Perform a contact/pole-resistance test. Compare bolted connection resistance values to values of similar connections. Investigate values that deviate from those of similar bolted connections by more than 50 percent of the lowest value. Microhm or DC millivolt drop values shall not exceed the high levels of the normal range according to manufacturer's published data. If manufacturer's published data is not available, investigate values that deviate from adjacent poles or similar switches by more than 50 percent of the lowest value.

		c. Perform minimum pickup voltage tests on trip and close coils according to manufacturer's published data. Minimum pickup voltage of the trip and close coils shall comply with manufacturer's published data. In the absence of manufacturer's published data, comply with NETA ATS, Table 100.20.

		d. Verify correct operation of any auxiliary features, such as electrical close and trip operation, trip-free operation, and anti-pump function. Auxiliary features shall operate according to manufacturer's published data.

		e. Trip circuit breaker by operation of each protective device. Reset trip logs and indicators.

		f. Perform power-factor or dissipation-factor tests on each pole with the breaker open and each phase with the breaker closed. Power-factor or dissipation-factor values shall comply with manufacturer's published data.

		g. Perform vacuum bottle integrity (dielectric-withstand-voltage) test across each vacuum bottle, with the contacts in the "open" position according to manufacturer's published data. If no evidence of distress or insulation failure is observed by the end of the total time of voltage application during the vacuum bottle integrity test, the specimen is considered to have passed the test.

		h. Perform a dielectric-withstand-voltage test according to manufacturer's published data. If no evidence of distress or insulation failure is observed by the end of the total time of voltage application during the dielectric-withstand-voltage test, the specimen is considered to have passed the test.





		E. Microprocessor-Based Protective Relay Field Tests:

		1. Visual and Mechanical Inspection:

		a. Record model number, style number, serial number, firmware revision, software revision, and rated control voltage.

		b. Verify operation of light-emitting diodes, display, and targets.

		c. Record passwords for each access level.

		d. Clean the front panel and remove foreign material from the case.

		e. Check tightness of connections.

		f. Verify that the frame is grounded according to manufacturer's instructions.

		g. Set the relay according to results in Section 260573 "Overcurrent Protective Device Coordination Study" and in Section 260574 "Overcurrent Protective Device Arc-Flash Study."

		h. Download settings from the relay. Print a copy of the settings for the report and compare the settings to those specified in the coordination study.



		2. Electrical Tests:

		a. Perform insulation-resistance tests from each circuit to the grounded frame according to manufacturer's published data.

		b. Apply voltage or current to analog inputs, and verify correct registration of the relay meter functions.

		c. Functional Operation: Check functional operation of each element used in the protection scheme.

		d. Control Verification:



		3. Functional Tests:

		a. Check operation of all active digital inputs.

		b. Check output contacts or silicone-controlled rectifiers, preferably by operating the controlled device, such as circuit breaker, auxiliary relay, or alarm.

		c. Check internal logic functions used in protection scheme.

		d. Upon completion of testing, reset min/max recorders, communications statistics, fault counters, sequence-of-events recorder, and event records.



		4. In-Service Monitoring: After the equipment is initially energized, measure magnitude and phase angle of inputs and verify expected values.



		F. Ground Resistance Test:

		1. Visual and Mechanical Inspection:

		a. Verify ground system complies with the Contract Documents and NFPA 70 "Grounding and Bonding" Article.

		b. Inspect physical and mechanical condition. Grounding system electrical and mechanical connections shall be free of corrosion.

		c. Inspect bolted electrical connections for high resistance using one of the following two methods:



		2. Use a low-resistance ohmmeter to compare bolted connection resistance values to values of similar connections. Investigate values that deviate from those of similar bolted connections by more than 50 percent of the lowest value.

		3. Verify tightness of accessible bolted electrical connections by calibrated torque-wrench method according to manufacturer's published data or NETA ATS, Table 100.12. Bolt-torque levels shall be according to manufacturer's published data. In the absence of manufacturer's published data, use NETA ATS, Table 100.12.

		a. Inspect anchorage.



		4. Electrical Tests:

		a. Perform fall-of-potential or alternative test according to IEEE 81 on the main grounding electrode or system. The resistance between the main grounding electrode and ground shall be no more than 5 ohms.

		b. Perform point-to-point tests to determine the resistance between the main grounding system and all major electrical equipment frames, system neutral, and derived neutral points. Investigate point-to-point resistance values that exceed 0.5 ohms. Compare equipment nameplate data with Contract Documents.

		c. Inspect physical and mechanical condition.

		d. Inspect anchorage.





		G. Switchgear will be considered defective if it does not pass tests and inspections.

		H. Prepare test and inspection reports.

		I. System Function Tests

		1. System function tests shall prove the correct interaction of sensing, processing, and action devices. Perform system function tests after "Field Quality Control" tests have been completed and all components have passed specified tests.

		a. Develop test parameters and perform tests for evaluating performance of integral components and their functioning as a complete unit within design requirements and manufacturer's published data.

		b. Verify the correct operation of interlock safety devices for fail-safe functions in addition to design function.

		c. Verify the correct operation of sensing devices, alarms, and indicating devices.





		A. Follow-Up Service

		1. Infrared Inspection: Perform the survey during periods of maximum possible loading. Remove all necessary covers prior to the inspection.

		a. After Substantial Completion, but not more than 60 days after Final Acceptance, perform infrared inspection of the electrical power connections of the switchgear.

		a. Instrument: Inspect distribution systems with imaging equipment capable of detecting a minimum temperature difference of 1 deg C at 30 deg C.

		a. Record of Infrared Inspection: Prepare a certified report that identifies the testing technician and equipment used, and lists the results as follows:

		1) Description of equipment to be tested.

		1) Discrepancies.

		1) Temperature difference between the area of concern and the reference area.

		1) Probable cause of temperature difference.

		1) Areas inspected. Identify inaccessible and unobservable areas and equipment.

		1) Identify load conditions at time of inspection.

		1) Provide photographs and thermograms of the deficient area.



		a. Act on inspection results according to the recommendations of NETA ATS, Table 100.18. Correct possible and probable deficiencies as soon as Owner's operations permit. Retest until deficiencies are corrected.







		2.4 SURGE ARRESTERS

		A. Visual and mechanical inspection:

		1. Inspect for physical damage such as chipped or fractured porcelain.

		2. Inspect ground and discharge counter connections for integrity.



		B. Electrical tests:

		1. Perform a 60Hz sparkover test.

		2. Perform a radio influence voltage (RIV) test.

		3. Perform an insulation power factor test.

		4. Perform ground continuity test to ground grid system.





		1.1 BATTERY SYSTEM / CENTRAL BATTERY EQUIPMENT FOR EMERGENCY LIGHTING

		A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.

		A. Perform tests and inspections and prepare test reports.

		1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.



		A. Tests and Inspections:

		1. Inspect central battery equipment, wiring, components, connections, and equipment installation. Test and adjust components and equipment.

		1. Test insulation resistance for all external branch circuit, feeder, control, and alarm wiring connected to central battery equipment element and component.

		1. Test continuity of each circuit.

		1. Verify that input voltages and frequencies at central battery equipment locations are within voltage and frequency limits specified in Part 2. If outside this range, notify Construction Manager before closing input OCPDs.

		1. Perform each visual and mechanical inspection and electrical test stated in manufacturer's written instructions and in NETA Acceptance Testing Specification, including specifically those for batteries, battery chargers, and UPS, regardless of the type of central battery equipment provided. Certify compliance with test parameters.

		1. Perform a load-duration test at rated voltage and rated output current to verify the correct functional operation of the unit under full-load stable operating conditions for the minimum time limits required by UL 924. Monitor and record ambient temperature and temperatures within the unit.

		1. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

		1. Perform the following infrared (thermographic) scan tests and inspections and prepare reports:

		a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of central battery equipment. Remove front panels so joints and connections are accessible to portable scanner.

		a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of central battery equipment 11 months after date of Substantial Completion.

		a. Instruments and Equipment: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.



		1. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.



		A. Central battery equipment will be considered defective if it does not pass tests and inspections.

		A. Prepare test and inspection reports, including a certified report that identifies central battery equipment and describes all test results. Include notation of deficiencies detected, remedial action taken, and observations made after remedial action.



		2.5 INSTRUMENT TRANSFORMER

		A. Visual and mechanical inspection:

		1. Inspect for physical damage and connection tightness.

		2. Check transformer nameplate with singleline diagram.

		3. Check proper operation of grounding or shorting devices.



		B. Electrical tests:

		1. Measure current transformer ratio by primary current injection.

		2. Measure potential transformer ratio.

		3. Measure insulation resistance primary-to-ground, secondary-to-ground and primary-to-secondary.

		4. Verify secondary wiring connections by secondary current injection.

		5. Verify transformer polarity markings.

		6. Perform current transformer saturation test.  Plot transformer voltage current curve.





		2.6 METERING AND INSTRUMENTATION

		A. Visual and mechanical inspection:

		1. Check all devices for physical damage and connection tightness.

		2. Verify meter nameplate designation.



		B. Electrical tests:

		1. Check calibration of all panel meters at zero, midscale and full scale deflections by transfer standard.

		2. Test Digital Instrumentation Package per manufacturer’s requirements.

		3. Verify all instrument multipliers and scale factors.

		4. Check polarities and correct rotations.





		2.7 CONTROL POWER TRANSFORMERS - ENCAPSULATED TYPE

		A. Visual and mechanical inspection:

		1. Inspect for physical damage, proper installation, anchorage, and grounding.

		2. Clean interior and all bushing and insulator surfaces.

		3. Verify proper auxiliary device operation such as fans and indicators.

		4. Check tightness of accessible bolted electrical joints.  Tighten connections in accordance with industry standards.



		B. Electrical tests:

		1. Perform insulation resistance tests winding-to-winding and winding-to-ground.  Apply appropriate guard circuit over all bushings.

		2. Perform dielectric absorption test winding-to-winding and winding-to ground for ten (10) minutes.  Compute the polarization index.

		3. Perform turns ratio test between windings for all top positions.

		4. Perform insulation power factor tests on all high and low-voltage windings.

		5. Check output voltages.





		2.8 PROTECTIVE RELAYS

		A. Visual and mechanical inspection:

		1. Inspect relays for physical damage, presence of foreign material, moisture, condition of spiral spring, disc clearance and corrosion.

		2. Clean cover glass interior and relay components.

		3. Check for freedom of movement, proper travel and alignment, and tightness of mounting hardware and top screws.



		B. Electrical test:

		1. Perform insulation resistance tests on each circuit branch to frame.

		2. Perform the following tests at the settings specified by Owner’s Representative:

		a. Pickup parameters on each operating element.

		b. Timing at three (3) points on time dial curve.

		c. Pickup target and seal in units.

		d. Special test as required to check operation of restraint, and other elements per manufacturer’s instructions.



		3. Perform phase angle and magnitude contribution tests on all differential type relays after energization to vectorially prove proper polarity and connection.

		4. Check polarity and correctness of control wiring.



		C. Relay calibration and tests:

		1. Two relay wiring tests shall be made.

		a. Primary circuit polarity test shall include a DC test from the current transformer to each terminal block and relay terminal.

		b. Relay and circuit breaker operation test by application of power from the portable relay test set.





		D. Relay testing shall be accomplished after completion of the switchgear installation, using standard portable test set equipment and the relay manufacturer’s testing directions and parameters to determine conformance of the relay to the time-overcurrent information given in the manufacturer’s performance curves and the tap settings provided by coordination study.  Overcurrent relay testing shall include:

		1. Zero set tests.

		2. Pickup tests.

		3. Time-current characteristic (operation at currents 3 and 4 times the directed tap settings), and instantaneous at the directed tap setting.

		4. Target and seal-in operation.



		E. Target differential relays shall be tested similarly, except for the following additional tests:

		1. Low voltage “through-currents” of approximately “full load” and “fault” magnitudes shall be circulated in HV busses.  Bus differential relays shall not trip.

		2. Low voltage currents shall be circulated within the differential zones of “low-fault” and “high-fault” magnitudes.  Bus differential relays shall initiate tripping momentarily.





		2.9 CABLES 15KV

		A. Testing of cables shall be performed by an independent testing agency at the Contractor’s expense.  The testing agency shall have a minimum of 5 years’ experience. Each person engaged in the testing procedures shall also meet the experience requirements.  Provide to Owner’s Representative documentation, including references of the testing agency and agency’s personnel experience, for approval.

		B. Visual and mechanical inspections:

		1. Inspect exposed section for tracking corona, and physical damage.

		2. Clean all creepage from surfaces of termination.



		C. Inspect shield grounding, cable support, and termination.

		1. Perform infrared scan of all connections under loaded conditions.



		D. Electrical tests:

		1. Perform shield and conductor continuity test by ohmmeter method.  Record ohmic value.

		2. Perform insulation-resistance test of each cable with respect to ground and adjacent cables.

		3. Perform Partial Discharge test of each new conductor according to NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's recommendations.

		4. Perform Dissipation Factor test of each new conductor according to NETA ATS, Ch. 7.3.3 and to test equipment manufacturer's recommendations.

		5. Perform DC hypotential test on all new cable, supplied and installed as part of the project:

		a. Test each conductor individually with all other conductors grounded.  All shields to be grounded.

		b. Corona at terminations will be suppressed with guard rings, field reduction spheres, or other suitable methods.

		c. Apply DC hypotential in at least eight (8) equal increments until maximum test voltage is reached.  Record DC leakage current at each step after a constant stabilization time, consistent with system charging current decay.  Plot leakage current (X axis) versus voltage (Y axis) at each increment.

		d. Raise the test conductor to a maximum test voltage and hold for a total of fifteen (15) minutes.  Record readings of leakage current (Y axis) versus time (X axis) and plot on thirty (30) second intervals for the first two (2) minutes and every minute thereafter.  Perform maximum voltage decrement test by reducing the applied voltage to zero and monitoring voltage decay versus time.  Apply grounds upon completion to drain all absorpic potential to zero.

		e. Test each conductor in accordance with Section E of AEIC C56.

		f. All existing cables that are part of the system and connected to new cables or utilized and are part of the project shall be subject to DC Hipot tests.  Contractor shall perform VLF testing on these cables to confirm their integrity and proper installation.







		2.10 LOW VOLTAGE CIRCUIT BREAKERS 100AMPS AND GREATER

		A. Visual and mechanical inspection:

		1. Inspect for physical condition.

		2. Inspect alignment and grounding.

		3. Perform mechanical operator and contact alignment tests on the breaker and its operating mechanism in accordance with manufacturer’s instructions.

		4. Perform insulation resistance test on control wiring.

		5. Clean mechanism, insulating surfaces and contacts.



		B. Electrical tests:

		1. Measure contact resistance.

		2. Trip overcurrent protective device by operation of each protective device.

		3. Perform an insulation resistance test phase-to-ground, phase-to-phase and across open contacts.

		4. Perform insulation resistance test in accordance with Doble procedure.

		5. Perform timing test with Travel Analyzer to insure proper contact overtravel and pressure.





		2.11 CABLES, LOW VOLTAGE (600 VOLTS AND LESS)

		A. Visual and mechanical inspections:

		1. Inspect cables for physical damage and proper connection.

		2. Torque test cable connection.  Tighten connections in accordance with industry standards.

		3. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.

		1. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove box and equipment covers so splices are accessible to portable scanner. Correct deficiencies determined during the scan.

		a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each splice 11 months after date of Substantial Completion.

		a. Instrument: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.

		a. Record of Infrared Scanning: Prepare a certified report that identifies splices checked and that describes scanning results. Include notation of deficiencies detected, remedial action taken and observations after remedial action.





		B. Electrical tests:

		1. Perform insulation resistance test of each cable with respect to ground and adjacent cables.



		C. Cables will be considered defective if they do not pass tests and inspections.



		2.12 GROUNDING SYSTEMS

		A. Visual and mechanical inspection:

		1. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.



		B. Electrical tests:

		1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.

		2. Perform “fall of the potential” test per IEEE No. 81, Section 9.03 to determine the ground resistance between the main grounding system and all major electrical equipment frames, system neutral and/or derived neutral points.

		3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at individual ground rods. Make tests at ground rods before any conductors are connected.

		a. Measure ground resistance no fewer than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natural ground resistance.

		b. Perform tests by fall-of-potential method according to IEEE 81.



		4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod assembly, and other grounding electrodes. Identify each by letter in alphabetical order, and key to the record of tests and observations. Include the number of rods driven and their depth at each location, and include observations of weather and other phenomena that may affect test results. Describe measures taken to improve test results.



		C. Grounding system will be considered defective if it does not pass tests and inspections.

		D. Prepare test and inspection reports.

		E. Report measured ground resistances that exceed the following values:

		1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms.

		2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms.

		3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.

		4. Power Distribution Units or Panelboards Serving Electronic Equipment:  3 ohm(s).

		5. Substations and Pad-Mounted Equipment:  5 ohms.

		6. Manhole Grounds:  10 ohms.



		F. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance. 

		Contractor will provide additional measures as required to meet the requirements.



		1.1 INFRARED INSPECTION

		A. All doors and cover shall be removed and upon completion of test be reinstalled by testing agency technicians.

		A. A load bank shall be furnished to circulate low voltage currents of 400A magnitude through each bus, main breaker and feeder breaker.  After two hours infrared scans shall be made of all bus joints.  Problem area shall be photographed before and after corrections.  After corrections, another current test of two hours duration shall be made. Again an infrared scan shall be made to confirm correct operation.

		A. Upon completion, the switchgear shall be energized at 12kV.  After 4 hours, infrared scans shall be made to determine areas of excessive corona.  Problem area shall be treated the same as under B., above.

		A. Upon completion of infrared scans, all covers and doors shall be reinstalled.



		2.13 REPORTS

		A. Provide (5) copies of all test reports, field note, photographs, calculations, daily logs, etc. to the Owner at the completion of all testing.
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 260500 - 1 Michael Wall Engineering 


PART 1 - GENERAL  


1.1 RELATED DOCUMENTS 


A. The general conditions and Division 1 are part of this section and the contract for this 
work and apply to this section as fully as if repeated herein.  This section, 260500, 
applies to all Division 26 categories. 


B. Reference to other sections: The applicable requirements from other Division 26 sections 
required for a complete and operational system shall form a part of the electrical work 
and each section shall be thoroughly reviewed by the Contractor for application to all 
other sections. 


1.2 SUMMARY 


A. Related Requirements: 
1. Section 018113 “Sustainable Design Requirements.” 


 


1.3 PERMITS AND FEES 


A. Obtain and pay for all necessary electrical permits and fees including those associated 
with SCAQCD. 


1.4 EXPLANATION OF DRAWINGS 


A. These construction documents are intended to be diagrammatic and reflect the scope, 
quality, and character of the work to be performed; all miscellaneous materials and work 
required for a complete and operational system, though not specifically mentioned, shall 
be furnished and installed by the Contractor. 


B. The Contractor shall confirm sizes, dimensions, weights and locations of all devices, light 
fixtures, and equipment prior to installation.  Dimensioned architectural drawings shall 
take precedence over diagrammatic layouts shown on these contract documents. 


C. The specifications and the drawings are an integral document and shall be considered 
complementary to each other.  In the case of a conflict between the specifications and 
the drawings, the more constricting condition shall be enforced. 


D. The Contractor shall be responsible for reporting any discrepancies, errors, or omissions 
noted prior to bid. 


E. It is the intent of the drawings to indicate schematic routing and placement of devices, 
fixtures, equipment and conduit.  Equipment or devices requiring a precise location shall 
be dimensioned on other trade documents (architectural, mechanical, etc.).  Offsets, 
elbows, or extensions shall be furnished and installed by the Contractor as necessary to 
avoid structure, piping, and clearances and to provide a complete and workmanlike 
installation.   
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1.5 QUALITY ASSURANCE 


A. All work, material or equipment shall comply with the codes, ordinances and regulations 
of the local government having jurisdiction, including the regulations of serving utilities 
and any participating government agencies having jurisdiction. 


B. All electrical work shall comply with the latest edition under enforcement, including all 
amendments, modifications and supplements, of the following codes and standards or 
other regulations which may apply: 
1. American Disabilities Act (ADA) 
2. American National Standards Institute (ANSI) 
3. American Society for Testing and Materials (ASTM) 
4. California Electrical Code (CEC) 
5. California State Fire Marshal (CSFM) 
6. Institute of Cable Engineers Association (ICEA) 
7. Institute of Electrical and Electronic Engineers (IEEE) 
8. National Electrical Contractors Association (NECA) 
9. National Electrical Manufacturers Association (NEMA) 
10. National Electrical Testing Association (NETA) 
11. National Fire Protection Association (NFPA) 
12. San Diego State University (SDSU) Requirements 
13. Underwriters' Laboratories, Inc. (UL) 
14. California Building Code (CBC) 
15. Titles 8, 19 and 24 of the California Code of Regulations (CCR). 
16. Southern California Air Quality Control District (SCAQCD) 


C. All items shall be listed by Underwriter’s Laboratories and shall bear the U.L. label or be 
listed by a National Recognized Testing Lab (NRTL). 


D. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior to 
commencement of work. 


E. The Contractor shall verify all points of connection with the manufacturer’s requirements, 
instructions, or recommendations prior to installation.  The actual dimensions, weights, 
clearance requirements and installation requirements shall be verified and coordinated by 
the Contractor. 


1.6 SUBMITTALS 


A. Shop drawings for materials, equipment, devices, fixtures, and systems shall be 
submitted by the Contractor for review within 30 days after award of the contract.  In 
addition to the requirements for submittals stated herein, the Contractor shall be 
responsible for compliance with the requirements of Division 1. 


B. The Contractor shall bear the responsibility for any materials installed which were not 
submitted for review or not installed in compliance with the review comments and the 
contract documents. 


C. Verbal modification of submittal documents or changes to the requirements of the 
contract documents shall not be acceptable.  All submittal material must be documented 
in a written format. 
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D. All submittal packages must be submitted at one time and in accordance with the 
specification section appropriate for the material.  All packages must be identical and 
clearly labeled indicating the specification section, project name, submittal date, 
Contractor’s name, Engineer’s name, preparer’s name and submission version (first 
submission, resubmittal #1, etc.). 


E. Product catalog cut sheets and descriptive literature shall be cross-referenced to the 
specification section by paragraph. 


F. All submittal packages shall be furnished electronically by the Contractor; in pdf format. 


G. Materials which bear a certification or approval of a testing agency, performance criteria, 
society, agency, of other organization shall be submitted with all labels identified. 


H. The submittal shall be complete and with catalog data and information properly marked to 
show, among other things, materials, capacity and performance data to meet the 
specified requirements. 


I. Incomplete submittals will be rejected at the discretion of the reviewing Engineer. 


J. Review of the submittal is only for general conformance with the contract documents.  
The Contractor is responsible for confirmation and coordination of dimensions, quantities, 
sizes, fabrication, installation methods, and for coordination of work of other trades with 
electrical work. 


K. Detailed working drawings shall be prepared and submitted showing items which are to 
be fabricated including transformer mounting racks, unistrut mounting frames, equipment 
room layouts, pull boxes, splice boxes, gutters, etc. 


L. Prepare dimensionally accurate floor plans of each electrical and signal room and/or 
closet, fire control room and the like, drawn to 1/4" scale minimum. Submit electronic 
copies for review with two prints for Architect's record.  Indicate all equipment within the 
rooms to scale based on shop drawing data, include structural support for suspended 
equipment and description of seismic bracing and fastening.  Indicate system and 
equipment grounding details as applicable.  Review elevator machine room shop 
drawings and coordinate location of electrical gear to maintain clearances.  Submit with 
shop drawings. 


M. Where conduit runs, 2" trade size and larger, are run in exposed locations, prepare 
dimensionally accurate floor plans indicating routing, coordinated with work of other 
trades and the structure.  Submit legible reproducible transparencies with two prints for 
review. 


N. Minimum scale for submitted drawings shall be 1/8".  Details shall be drawn to 1/4" scale.  
All drawings shall be 8.5"x11" or larger. 


O. Submittal brochures shall be complete and descriptive of the type, make, manufacturer, 
application, quantity, performance, capacity, ratings, options, dimensions, clearances, 
weights, nameplate data, special installation requirements, mounting method, NEMA 
type, NEMA class, environmental restrictions, layout requirements or other information as 
may be necessary for review of the material. 
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P. Submittal brochures for switchgear shall include, as a minimum, the following:  singleline 
diagrams; fault current ratings of buses and devices; device identification, ratings, layout 
and characteristics; dimensions; circuit identification; identification label type and method 
of affixing; mounting; conduit entry point and quantities; NEMA enclosure type; and 
additional data as required for a complete review. 


Q. Submittal brochures for lighting systems shall include, as a minimum, the following: 
manufacturer; detailed drawing or photograph; dimensions; lamp data; ballast data; 
certified photometric data from a third-party testing agency; U.L. label listing; fixture 
number or identification from the drawings; finish color and material; mounting 
equipment; socket type and rating; environmental ratings (damp location, watertight, 
explosion-proof, etc.); voltage; input wattage; and additional information as necessary for 
a complete review. 


R. The Contractor shall be responsible for all aspects of substitutions of material including 
any additional cost or delay incurred as a result of the substitution.  The Contractor shall 
coordinate all substitutions with other trades, verify code compliance, verify clearances, 
photometric performance, appearance, suitability, constructability, and availability of the 
material prior to submitting the substitution for review.  The Contractor shall bear the 
responsibility of any increased costs to other trades which are directly related to the 
substitution. 


S. LEED Submittals: Credits EQc4.1 and EQc4.2. Refer to Section 018113 "Sustainable 
Design Requirements" for additional submittal requirements. 


1.7 SUBSTITUTIONS 


A. Refer to other Sections of these Specifications for substitution requirements. 


1.8 MATERIAL HANDLING 


A. The Contractor shall deliver all equipment and material to the site in the manufacturer's 
original packaging without seals broken. 


B. The Contractor shall handle, store, protect, and unpack all equipment and materials in 
accordance with the manufacturer's recommendations. 


C. The Contractor shall inspect the equipment and materials in a timely manner to ensure 
the completeness and appropriateness of the shipment. 


D. The Contractor shall immediately replace damaged or defective equipment or materials 
with identical new equipment or material at no cost, inconvenience, or delay to the 
Owner. 


1.9 EXISTING CONDITIONS 


A. The Contractor shall verify all existing conditions prior to bid and include all costs 
associated with the existing conditions in bid.   


B. The Contractor shall match the finish and appearance of all existing conditions where 
constructing new work adjacent to existing surfaces or equipment.   
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C. Coordinate with the Owner’s Representative for all ongoing projects or the work of other 
trades which may affect the Contractor’s work.  Verify Owner schedule requirements for 
special or standard events which may impact the Contractor’s work.   


D. Coordinate work to be performed in occupied areas and comply with the Owner’s 
requirements such that the Owner’s work or ongoing activities are not disrupted by the 
Contractor.  Verify the need for work to be performed during premium hours, evenings, 
weekends, or holidays prior to bid and include all costs in bid.  Bring to the Owner’s 
attention the need and locations for all disruptive work prior to commencement of work. 


E. Unless specifically noted or otherwise indicated or directed, remove all existing electrical 
equipment in the areas to be demolished.  Deliver all equipment removed, including 
lighting fixtures, to the Owner's representative. 


F. Where areas of existing facilities are indicated to be demolished or remodeled, visit site 
to determine scope of work.  Relocate electric and signal system equipment, and reroute 
or replace conduit and wiring as required to conform with new use of the area and 
maintain operation of adjacent areas. 


1.10 UTILITY COMPANY REQUIREMENTS 


A. The contractor shall contact the serving utility company for all utility system requirements 
prior to commencement of work.  Utility work shall include electric power, telephone, 
data, fiber optic cable, cable television or other utilities as may require connections as a 
part of this contract.  Coordinate and comply with all serving utility company 
requirements, designs, and schedules. 


B. The utility information depicted on the contract documents is for bidding purposes only 
and shall not be used for construction purposes.  All construction shall be performed 
according to engineered documents provided by the serving utility company.  The 
Contractor shall obtain and coordinate with utility company requirements as a part of this 
contract and furnish and install all work as a part of this contract. 


C. Verify all connection points, routing, and requirements with the serving utility company 
prior to commencement of work and coordinate final requirements with other trades. 


D. The Contractor shall be responsible for all costs associated with failure to contact or 
coordinate with utility company requirements. 


1.11 TEMPORARY CONSTRUCTION UTILITY REQUIREMENTS 


A. Power, telephone or other temporary construction utility services required by the 
Contractor shall be the responsibility of the Contractor. 


B. Arrangements for temporary construction utility services shall be made by the Contractor 
in coordination with the Owner's Representative and the serving utility company.  For all 
connections into the University’s system, all metering and equipment to provide 
temporary services shall be provided by the Contractor. 
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1.12 CONTINUITY OF SERVICE 


A. The Contractor shall coordinate all shutdowns, outages, and service interruptions with the 
Owner's Representative.  Electrical shutdowns shall be kept to the minimum number 
necessary to complete the work. 


B. The Contractor shall coordinate all work done on overtime or premium time with Owner's 
Representative prior to commencement of work. 


C. All work performed in or through occupied spaces, or other work disruptive to existing 
occupants shall be considered as performed during premium time or as overtime for the 
purposes of the bid; include all costs in bid. 


D. The Contractor shall notify Owner's Representative of all shutdowns or disruptive work a 
minimum of 72 hours prior to commencement of work.  The Contractor shall obtain 
written approval from the Owner’s Representative prior to commencement of work. 


E. The Contractor shall provide all necessary temporary power, including temporary power 
generation, to accommodate shutdowns and minimize disruption of the Owner’s 
activities. 


F. The Owner reserves the right to provide emergency repairs or temporary power to 
maintain service continuity at the Contractor's cost in the event Contractor fails to provide 
adequate service continuity. 


1.13 RECORD DOCUMENTS 


A. The Contractor shall prepare as-built documents depicting all revisions to branch circuits, 
conduit routing, equipment, panel schedules, lighting control schedules, or materials.  
Drawings shall be in AutoCAD dwg format and Adobe .pdf formats.  Contractor shall 
provide (1) full-size hard copy print and (1) CD-ROM of all as-built drawings and files.  
Hand-drawn or “red-line” drawings shall not be accepted.  Drawings shall be legible, 
reproducible, and properly identified such they may be used as a reference for 
maintenance or construction. 


B. The Contractor shall provide a minimum of three copies of the operation and 
maintenance manuals to the Owner's Representative at the completion of the project.  
Each copy shall be bound in a three-ring binder and labeled indicating: the project name; 
system name; Contractor’s name, telephone number, and contact person; and Owner’s 
name.  The Contractor shall provide the following minimum information within each 
manual: 
1. List of the Subcontractors performing work on the system including contact 


names, telephone numbers, and email addresses. 
2. Routine and emergency service contact names, telephone numbers, and email 


addresses for each system. 
3. Description of system operation. 
4. Single line diagrams and control wiring diagrams. 
5. Detailed product literature with technical information. 
6. Local factory representative contact name, telephone number, and email 


address.  
7. Sequence of starting, shutdown and operation. 
8. Installation instructions and safety requirements. 
9. Maintenance schedule, testing instructions and performance parameters. 
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10. Parts list including recommended spare parts. 


1.14 GUARANTEE 


A. All electrical work, materials and equipment provided under this contract shall be 
guaranteed for a period of one year from the date of acceptance of the work by the 
Owner.  Any failures, problems, or deficiencies experienced during this period due to 
defective materials or faulty workmanship shall be immediately corrected by the 
Contractor without cost to the Owner.  The Contractor shall be responsible for all 
damages to the Owner’s facility, production, or work product due to deficiencies in the 
electrical system.  Equipment guarantees in excess of one year shall not be superseded 
by this guarantee. 


1.15 COMMISSIONING 


A. Commissioning requires the participation of Division 26 work to ensure that all systems 
are operating in a manner consistent with the construction documents and the design 
intent.  The general commissioning requirements and coordination are detailed in 
Division 1 and Division 26.  This Division shall be familiar with all parts of Division 1 and 
Division 26 and the commissioning plan issued by the Commissioning Authority and shall 
execute all commissioning responsibilities assigned to them in the Contract Documents. 


B. The electrical contractor and lighting controls contractor are responsible for assisting the 
commissioning agent throughout the entire commissioning process.  The work is not 
complete until the commissioning agent and the University has signed off on the 
commissioned systems. 


PART 2 - PRODUCTS 


2.1 MATERIALS 


A. All materials shall be new, of prime quality, listed as suitable for the application, and bear 
factory-applied U.L. labels. 


B. Materials shall be currently in production and shall be supported by spare parts, repair 
service, maintenance, and factory technical support. 


C. Materials of one assembly (switchboards, substations, motor control centers, etc.) shall 
be of one manufacturer unless specifically stated otherwise in the contract documents. 


PART 3 - EXECUTION 


3.1 INSTALLATION REQUIREMENTS 


A. All work shall conform to National Electrical Contractors Association standards of 
installation and the requirements of the manufacturer, Division 1, Division 26, and the 
Owner’s Representative. 


B. The Contractor shall field-verify all dimensions and coordinate dimensions with 
equipment sizes and locations. Throughout the course of construction, verify that 
sufficient space will be available for the equipment to be installed. 







SAN DIEGO STATE UNIVERSITY                   SECTION 260500 
EIS COMPLEX                     BASIC ELECTRICAL MATERIALS AND METHODS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 260500 - 8 Michael Wall Engineering 


C. The Contractor shall coordinate and install all penetrations, openings, slots, chases, or 
sleeves as necessary for the routing and installation of raceways, conductors, or 
equipment.  The Contractor shall provide approved fire sealant to maintain fire ratings at 
all penetrations. 


D. The Contractor shall coordinate the placement and sequence of installation of all 
mounting bolts, conduits, sleeves, etc. which are to be set in poured-in-place concrete 
slabs, concrete walls, and post-tension slabs per the structural drawings.   


E. The Contractor shall verify and coordinate all equipment points of connection, voltages, 
wiring requirements, disconnecting means, fuse sizes, overcurrent protection, etc. with 
the equipment supplier.  The Contractor shall immediately notify the Engineer of any 
discrepancies with the construction documents.  


F. The Contractor shall install access panels in walls or ceilings in coordination with the 
Architect for all junction boxes or electrical equipment that require access. 


G. All equipment shall be installed plumb, parallel, or orthogonal to structure and in a neat 
orderly fashion.  All material shall be accessible for maintenance, inspection, servicing or 
replacement. 


H. Verify final locations of devices, equipment, and fixtures during the rough-in phase with 
dimensioned architectural drawings, fabrication drawings, or other space planning 
requirements included in the contract documents.   


I. The Contractor shall coordinate and arrange for the proper sequence of construction 
including scheduling of long-lead items, shutdowns, work of other trades, and Owner-
scheduled events. 


J. The Contractor shall provide adequate and qualified supervision for the work performed; 
no work shall be performed without the supervision of a representative of the Contractor.   


K. The Contractor shall coordinate and cooperate with all other trades for a successful 
completion of the project. 


L. All modifications to UL Listed equipment that voids the factory listing shall be re-listed in 
the field by UL at the cost to the Contractor.  


3.2 SEISMIC BRACING 


A. The Contractor shall seismically brace all equipment in accordance with requirements of 
the California Code of Regulations, Title 24, Seismic Design Category D and provide 
certification of seismic compliance upon request, including structural calculations as 
required. 


3.3 WATERPROOFING 


A. Wherever electrical Work pierces waterproofing or waterproofing membranes, install it in 
an approved watertight manner. 
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3.4 CUTTING AND PATCHING 


A. The Contractor shall provide cutting and patching as required to install the electrical 
system in this contract.   


B. Coordinate the schedule of all cutting such that the work may be performed in an 
expeditious manner with minimum inconvenience to the Owner. 


C. Remove or cut structures or materials as necessary for demolition prior to the installation 
of new electrical work. 


D. The Contractor shall protect all surfaces, structure, furnishings, and finishes not directly 
affected by cutting or patching. 


E. Provide dust and moisture barriers as required during cutting and prior to patching 
openings. 


F. All penetrations through roofs shall be performed per architectural requirements, 
including compliance with the roofing manufacturer’s requirements. 


G. Patching shall be performed with materials which exactly match the adjacent surfaces in 
color, texture, character, and appearance. 


H. All patches must maintain the fire ratings of the original surface and shall be sealed with 
a U.L. listed and Fire Marshal approved sealant. 


3.5 REQUESTS FOR INFORMATION (RFIS) 


A. General: Immediately on discovery of the need for additional information or interpretation 
of the Contract Documents, Contractor shall prepare and submit an RFI in the form 
specified (refer to Division 1). 
1. Coordinate and submit RFIs in a prompt manner so as to avoid delays in 


Contractor's work or work of subcontractors. 
2. RFIs shall address single questions and related issues only. 
3. All RFIs shall be thoroughly reviewed and approved by the General Contractor 


and/or Construction Manager for accuracy and need for information required 
before submittal to Owner’s Design Representative.  


B. Content of the RFI: Include a detailed, legible description of item needing information or 
interpretation and the following: 
1. Project name. 


a. Project number. 
b. Date. 
c. Name of Contractor. 
d. Name of Architect. 
e. RFI number, numbered sequentially and unique. 
f. RFI subject. 
g. Specification Section number and title and related paragraphs, as 


appropriate. 
h. Drawing number and detail references, as appropriate. 
i. Field dimensions and conditions, as appropriate. 
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j. Contractor's suggested resolution. If Contractor's suggested resolution 
impacts the Contract Time or the Contract Sum, Contractor shall state 
impact in the RFI. 


k. Contractor's signature. 
l. Attachments: Include sketches, descriptions, measurements, photos, 


Product Data, Shop Drawings, coordination drawings, and other 
information necessary to fully describe items needing interpretation. 


2. Include dimensions, thicknesses, structural grid references, and details of 
affected materials, assemblies, and attachments on attached sketches. 


C. Engineer’s Action: Engineer will review each RFI, determine action required, and 
respond. Allow a minimum three business days for Engineer's response for each RFI, 
plus additional time for Architect and General Contractor to review and forward. RFIs 
received by Engineer after 1:00 p.m. will be considered as received the following working 
day. 
1. The following Contractor-generated RFIs will be returned without action: 


a. Incomplete RFIs or inaccurately prepared RFIs. 
b. RFIs submitted without indication of review and approval for submission 


by General Contractor. 
c. RFIs addressing multiple unrelated issues. 
d. Requests for approval of submittals. 
e. Requests for approval of substitutions. 
f. Requests for approval of Contractor's means and methods. 
g. Requests for information already indicated in the Contract Documents. 
h. Requests for adjustments in the Contract Time or the Contract Sum. 
i. Requests for interpretation of Engineer's actions on submittals. 


2. Engineer's action may include a request for additional information, in which case 
Engineer's time for response will date from time of receipt of additional 
information. 


3.6 FIELD QUALITY CONTROL 


A. Closing in of Work:  Do not allow Electrical Work to be covered or enclosed until it has 
been observed by the Architect's Representative.  Should unobserved Electrical Work be 
covered or enclosed, uncover it for observation and then make repairs as necessary to 
restore the Electrical Work and the Work of other affected installers to its original and 
proper condition, at no cost to the Owner. 


3.7 COMMISSIONING 


A. The Contractor shall initiate start-up of all electrical equipment including operation of all 
devices, switches, generators, transfer switches, overcurrent protection, disconnect 
switches, etc. to verify normal operation of all moving parts and electrical performance. 


B. The Contractor shall test, adjust, aim, align, label, clean and complete all systems prior to 
acceptance by the Owner's Representative. 


C. The Contractor shall demonstrate that all systems operate within the manufacturer's 
recommended performance characteristics, the electrical construction documents, 
system requirements, and Owner requirements. 


D. The Contractor shall test each system per the manufacturer’s requirements and shall 
perform the following system tests: 
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1. Inspect cables for physical damage and proper connection. 
2. Torque test cable connection and tighten in accordance with termination 


manufacturers recommendations.   
3. Infrared scan all connections under loaded conditions and provided color printed 


images. 
4. Insulation resistance test of each cable. 
5. Inspect ground system connections. 
6. Voltage drop tests on the main grounding electrode of system. 
7. Determine the ground resistance between the main grounding system and all 


major electrical equipment frames, system neutral points. 
8. Check rated voltage and phase balance at all equipment, motors and selected 


devices at full load conditions.  Measure no load voltage conditions at each 
location. 


9. Furnish all material, equipment, instruments and labor as required to complete 
testing. 


10. Provide all test results properly bound in a three-ring binder.   


3.8 TRAINING 


A. Furnish at least one copy operating instructions from the manufacturer for all electrical 
equipment to the Owner's Representative.  Instructions shall be clean, legible, and 
properly bound in a three-ring binder. 


B. The Contractor shall provide training for the Owner’s staff as directed by the Owner's 
Representative for a minimum of one man-day (eight hours). 


C. Provide classroom training by a qualified instructor for the operation, installation, and 
maintenance of designated equipment or systems including, but not limited to, generation 
systems, transfer switches, uninterruptible power supplies, energy management systems, 
lighting control systems, power distributions systems, and other systems which may 
require instruction.  All instructional training shall be professionally recorded by the 
Contractor and a DVD of the recording shall be provided to the Owner. 


3.9 CLEANING 


A. Contractor shall clean all equipment, panelboard interiors, conduit interiors, fixtures, 
devices, etc. of all extraneous paint, drywall mud, overspray, dust, dirt, debris, trash, 
grease or markings.  All cleaning shall be performed by the Contractor in accordance with 
the appropriate manufacturer’s recommendations. 


B. Keep the Project Site free from accumulations of electrical rubbish and debris.  Remove 
such accumulations from the Project Site. 


END OF SECTION 





		PART 1 - GENERAL 

		1.1 RELATED DOCUMENTS

		A. The general conditions and Division 1 are part of this section and the contract for this work and apply to this section as fully as if repeated herein.  This section, 260500, applies to all Division 26 categories.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Related Requirements:

		1. Section 018113 “Sustainable Design Requirements.”





		1.3 PERMITS AND FEES

		A. Obtain and pay for all necessary electrical permits and fees including those associated with SCAQCD.



		1.4 EXPLANATION OF DRAWINGS

		A. These construction documents are intended to be diagrammatic and reflect the scope, quality, and character of the work to be performed; all miscellaneous materials and work required for a complete and operational system, though not specifically mentioned, shall be furnished and installed by the Contractor.

		B. The Contractor shall confirm sizes, dimensions, weights and locations of all devices, light fixtures, and equipment prior to installation.  Dimensioned architectural drawings shall take precedence over diagrammatic layouts shown on these contract documents.

		C. The specifications and the drawings are an integral document and shall be considered complementary to each other.  In the case of a conflict between the specifications and the drawings, the more constricting condition shall be enforced.

		D. The Contractor shall be responsible for reporting any discrepancies, errors, or omissions noted prior to bid.

		E. It is the intent of the drawings to indicate schematic routing and placement of devices, fixtures, equipment and conduit.  Equipment or devices requiring a precise location shall be dimensioned on other trade documents (architectural, mechanical, etc.).  Offsets, elbows, or extensions shall be furnished and installed by the Contractor as necessary to avoid structure, piping, and clearances and to provide a complete and workmanlike installation.  



		1.5 QUALITY ASSURANCE

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. All electrical work shall comply with the latest edition under enforcement, including all amendments, modifications and supplements, of the following codes and standards or other regulations which may apply:

		1. American Disabilities Act (ADA)

		2. American National Standards Institute (ANSI)

		3. American Society for Testing and Materials (ASTM)

		4. California Electrical Code (CEC)

		5. California State Fire Marshal (CSFM)

		6. Institute of Cable Engineers Association (ICEA)

		7. Institute of Electrical and Electronic Engineers (IEEE)

		8. National Electrical Contractors Association (NECA)

		9. National Electrical Manufacturers Association (NEMA)

		10. National Electrical Testing Association (NETA)

		11. National Fire Protection Association (NFPA)

		12. San Diego State University (SDSU) Requirements

		13. Underwriters' Laboratories, Inc. (UL)

		14. California Building Code (CBC)

		15. Titles 8, 19 and 24 of the California Code of Regulations (CCR).

		16. Southern California Air Quality Control District (SCAQCD)



		D. Equipment shown to scale is approximate only and based upon a general class of equipment specified.  The Contractor shall verify all dimensions and clearances prior to commencement of work.

		E. The Contractor shall verify all points of connection with the manufacturer’s requirements, instructions, or recommendations prior to installation.  The actual dimensions, weights, clearance requirements and installation requirements shall be verified and coordinated by the Contractor.



		1.6 SUBMITTALS

		A. Shop drawings for materials, equipment, devices, fixtures, and systems shall be submitted by the Contractor for review within 30 days after award of the contract.  In addition to the requirements for submittals stated herein, the Contractor shall be responsible for compliance with the requirements of Division 1.

		B. The Contractor shall bear the responsibility for any materials installed which were not submitted for review or not installed in compliance with the review comments and the contract documents.

		C. Verbal modification of submittal documents or changes to the requirements of the contract documents shall not be acceptable.  All submittal material must be documented in a written format.

		D. All submittal packages must be submitted at one time and in accordance with the specification section appropriate for the material.  All packages must be identical and clearly labeled indicating the specification section, project name, submittal date, Contractor’s name, Engineer’s name, preparer’s name and submission version (first submission, resubmittal #1, etc.).

		E. Product catalog cut sheets and descriptive literature shall be cross-referenced to the specification section by paragraph.

		F. All submittal packages shall be furnished electronically by the Contractor; in pdf format.

		G. Materials which bear a certification or approval of a testing agency, performance criteria, society, agency, of other organization shall be submitted with all labels identified.

		H. The submittal shall be complete and with catalog data and information properly marked to show, among other things, materials, capacity and performance data to meet the specified requirements.

		I. Incomplete submittals will be rejected at the discretion of the reviewing Engineer.

		J. Review of the submittal is only for general conformance with the contract documents.  The Contractor is responsible for confirmation and coordination of dimensions, quantities, sizes, fabrication, installation methods, and for coordination of work of other trades with electrical work.

		K. Detailed working drawings shall be prepared and submitted showing items which are to be fabricated including transformer mounting racks, unistrut mounting frames, equipment room layouts, pull boxes, splice boxes, gutters, etc.

		L. Prepare dimensionally accurate floor plans of each electrical and signal room and/or closet, fire control room and the like, drawn to 1/4" scale minimum. Submit electronic copies for review with two prints for Architect's record.  Indicate all equipment within the rooms to scale based on shop drawing data, include structural support for suspended equipment and description of seismic bracing and fastening.  Indicate system and equipment grounding details as applicable.  Review elevator machine room shop drawings and coordinate location of electrical gear to maintain clearances.  Submit with shop drawings.

		M. Where conduit runs, 2" trade size and larger, are run in exposed locations, prepare dimensionally accurate floor plans indicating routing, coordinated with work of other trades and the structure.  Submit legible reproducible transparencies with two prints for review.

		N. Minimum scale for submitted drawings shall be 1/8".  Details shall be drawn to 1/4" scale.  All drawings shall be 8.5"x11" or larger.

		O. Submittal brochures shall be complete and descriptive of the type, make, manufacturer, application, quantity, performance, capacity, ratings, options, dimensions, clearances, weights, nameplate data, special installation requirements, mounting method, NEMA type, NEMA class, environmental restrictions, layout requirements or other information as may be necessary for review of the material.

		P. Submittal brochures for switchgear shall include, as a minimum, the following:  singleline diagrams; fault current ratings of buses and devices; device identification, ratings, layout and characteristics; dimensions; circuit identification; identification label type and method of affixing; mounting; conduit entry point and quantities; NEMA enclosure type; and additional data as required for a complete review.

		Q. Submittal brochures for lighting systems shall include, as a minimum, the following: manufacturer; detailed drawing or photograph; dimensions; lamp data; ballast data; certified photometric data from a third-party testing agency; U.L. label listing; fixture number or identification from the drawings; finish color and material; mounting equipment; socket type and rating; environmental ratings (damp location, watertight, explosion-proof, etc.); voltage; input wattage; and additional information as necessary for a complete review.

		R. The Contractor shall be responsible for all aspects of substitutions of material including any additional cost or delay incurred as a result of the substitution.  The Contractor shall coordinate all substitutions with other trades, verify code compliance, verify clearances, photometric performance, appearance, suitability, constructability, and availability of the material prior to submitting the substitution for review.  The Contractor shall bear the responsibility of any increased costs to other trades which are directly related to the substitution.

		S. LEED Submittals: Credits EQc4.1 and EQc4.2. Refer to Section 018113 "Sustainable Design Requirements" for additional submittal requirements.



		1.7 SUBSTITUTIONS

		A. Refer to other Sections of these Specifications for substitution requirements.



		1.8 MATERIAL HANDLING

		A. The Contractor shall deliver all equipment and material to the site in the manufacturer's original packaging without seals broken.

		B. The Contractor shall handle, store, protect, and unpack all equipment and materials in accordance with the manufacturer's recommendations.

		C. The Contractor shall inspect the equipment and materials in a timely manner to ensure the completeness and appropriateness of the shipment.

		D. The Contractor shall immediately replace damaged or defective equipment or materials with identical new equipment or material at no cost, inconvenience, or delay to the Owner.



		1.9 EXISTING CONDITIONS

		A. The Contractor shall verify all existing conditions prior to bid and include all costs associated with the existing conditions in bid.  

		B. The Contractor shall match the finish and appearance of all existing conditions where constructing new work adjacent to existing surfaces or equipment.  

		C. Coordinate with the Owner’s Representative for all ongoing projects or the work of other trades which may affect the Contractor’s work.  Verify Owner schedule requirements for special or standard events which may impact the Contractor’s work.  

		D. Coordinate work to be performed in occupied areas and comply with the Owner’s requirements such that the Owner’s work or ongoing activities are not disrupted by the Contractor.  Verify the need for work to be performed during premium hours, evenings, weekends, or holidays prior to bid and include all costs in bid.  Bring to the Owner’s attention the need and locations for all disruptive work prior to commencement of work.

		E. Unless specifically noted or otherwise indicated or directed, remove all existing electrical equipment in the areas to be demolished.  Deliver all equipment removed, including lighting fixtures, to the Owner's representative.

		F. Where areas of existing facilities are indicated to be demolished or remodeled, visit site to determine scope of work.  Relocate electric and signal system equipment, and reroute or replace conduit and wiring as required to conform with new use of the area and maintain operation of adjacent areas.



		1.10 UTILITY COMPANY REQUIREMENTS

		A. The contractor shall contact the serving utility company for all utility system requirements prior to commencement of work.  Utility work shall include electric power, telephone, data, fiber optic cable, cable television or other utilities as may require connections as a part of this contract.  Coordinate and comply with all serving utility company requirements, designs, and schedules.

		B. The utility information depicted on the contract documents is for bidding purposes only and shall not be used for construction purposes.  All construction shall be performed according to engineered documents provided by the serving utility company.  The Contractor shall obtain and coordinate with utility company requirements as a part of this contract and furnish and install all work as a part of this contract.

		C. Verify all connection points, routing, and requirements with the serving utility company prior to commencement of work and coordinate final requirements with other trades.

		D. The Contractor shall be responsible for all costs associated with failure to contact or coordinate with utility company requirements.



		1.11 TEMPORARY CONSTRUCTION UTILITY REQUIREMENTS

		A. Power, telephone or other temporary construction utility services required by the Contractor shall be the responsibility of the Contractor.

		B. Arrangements for temporary construction utility services shall be made by the Contractor in coordination with the Owner's Representative and the serving utility company.  For all connections into the University’s system, all metering and equipment to provide temporary services shall be provided by the Contractor.



		1.12 CONTINUITY OF SERVICE

		A. The Contractor shall coordinate all shutdowns, outages, and service interruptions with the Owner's Representative.  Electrical shutdowns shall be kept to the minimum number necessary to complete the work.

		B. The Contractor shall coordinate all work done on overtime or premium time with Owner's Representative prior to commencement of work.

		C. All work performed in or through occupied spaces, or other work disruptive to existing occupants shall be considered as performed during premium time or as overtime for the purposes of the bid; include all costs in bid.

		D. The Contractor shall notify Owner's Representative of all shutdowns or disruptive work a minimum of 72 hours prior to commencement of work.  The Contractor shall obtain written approval from the Owner’s Representative prior to commencement of work.

		E. The Contractor shall provide all necessary temporary power, including temporary power generation, to accommodate shutdowns and minimize disruption of the Owner’s activities.

		F. The Owner reserves the right to provide emergency repairs or temporary power to maintain service continuity at the Contractor's cost in the event Contractor fails to provide adequate service continuity.



		1.13 RECORD DOCUMENTS

		A. The Contractor shall prepare as-built documents depicting all revisions to branch circuits, conduit routing, equipment, panel schedules, lighting control schedules, or materials.  Drawings shall be in AutoCAD dwg format and Adobe .pdf formats.  Contractor shall provide (1) full-size hard copy print and (1) CD-ROM of all as-built drawings and files.  Hand-drawn or “red-line” drawings shall not be accepted.  Drawings shall be legible, reproducible, and properly identified such they may be used as a reference for maintenance or construction.

		B. The Contractor shall provide a minimum of three copies of the operation and maintenance manuals to the Owner's Representative at the completion of the project.  Each copy shall be bound in a three-ring binder and labeled indicating: the project name; system name; Contractor’s name, telephone number, and contact person; and Owner’s name.  The Contractor shall provide the following minimum information within each manual:

		1. List of the Subcontractors performing work on the system including contact names, telephone numbers, and email addresses.

		2. Routine and emergency service contact names, telephone numbers, and email addresses for each system.

		3. Description of system operation.

		4. Single line diagrams and control wiring diagrams.

		5. Detailed product literature with technical information.

		6. Local factory representative contact name, telephone number, and email address. 

		7. Sequence of starting, shutdown and operation.

		8. Installation instructions and safety requirements.

		9. Maintenance schedule, testing instructions and performance parameters.

		10. Parts list including recommended spare parts.





		1.14 GUARANTEE

		A. All electrical work, materials and equipment provided under this contract shall be guaranteed for a period of one year from the date of acceptance of the work by the Owner.  Any failures, problems, or deficiencies experienced during this period due to defective materials or faulty workmanship shall be immediately corrected by the Contractor without cost to the Owner.  The Contractor shall be responsible for all damages to the Owner’s facility, production, or work product due to deficiencies in the electrical system.  Equipment guarantees in excess of one year shall not be superseded by this guarantee.



		1.15 COMMISSIONING

		A. Commissioning requires the participation of Division 26 work to ensure that all systems are operating in a manner consistent with the construction documents and the design intent.  The general commissioning requirements and coordination are detailed in Division 1 and Division 26.  This Division shall be familiar with all parts of Division 1 and Division 26 and the commissioning plan issued by the Commissioning Authority and shall execute all commissioning responsibilities assigned to them in the Contract Documents.

		B. The electrical contractor and lighting controls contractor are responsible for assisting the commissioning agent throughout the entire commissioning process.  The work is not complete until the commissioning agent and the University has signed off on the commissioned systems.





		PART 2 - PRODUCTS

		2.1 MATERIALS

		A. All materials shall be new, of prime quality, listed as suitable for the application, and bear factory-applied U.L. labels.

		B. Materials shall be currently in production and shall be supported by spare parts, repair service, maintenance, and factory technical support.

		C. Materials of one assembly (switchboards, substations, motor control centers, etc.) shall be of one manufacturer unless specifically stated otherwise in the contract documents.





		PART 3 - EXECUTION

		3.1 INSTALLATION REQUIREMENTS

		A. All work shall conform to National Electrical Contractors Association standards of installation and the requirements of the manufacturer, Division 1, Division 26, and the Owner’s Representative.

		B. The Contractor shall field-verify all dimensions and coordinate dimensions with equipment sizes and locations. Throughout the course of construction, verify that sufficient space will be available for the equipment to be installed.

		C. The Contractor shall coordinate and install all penetrations, openings, slots, chases, or sleeves as necessary for the routing and installation of raceways, conductors, or equipment.  The Contractor shall provide approved fire sealant to maintain fire ratings at all penetrations.

		D. The Contractor shall coordinate the placement and sequence of installation of all mounting bolts, conduits, sleeves, etc. which are to be set in poured-in-place concrete slabs, concrete walls, and post-tension slabs per the structural drawings.  

		E. The Contractor shall verify and coordinate all equipment points of connection, voltages, wiring requirements, disconnecting means, fuse sizes, overcurrent protection, etc. with the equipment supplier.  The Contractor shall immediately notify the Engineer of any discrepancies with the construction documents. 

		F. The Contractor shall install access panels in walls or ceilings in coordination with the Architect for all junction boxes or electrical equipment that require access.

		G. All equipment shall be installed plumb, parallel, or orthogonal to structure and in a neat orderly fashion.  All material shall be accessible for maintenance, inspection, servicing or replacement.

		H. Verify final locations of devices, equipment, and fixtures during the rough-in phase with dimensioned architectural drawings, fabrication drawings, or other space planning requirements included in the contract documents.  

		I. The Contractor shall coordinate and arrange for the proper sequence of construction including scheduling of long-lead items, shutdowns, work of other trades, and Owner-scheduled events.

		J. The Contractor shall provide adequate and qualified supervision for the work performed; no work shall be performed without the supervision of a representative of the Contractor.  

		K. The Contractor shall coordinate and cooperate with all other trades for a successful completion of the project.

		L. All modifications to UL Listed equipment that voids the factory listing shall be re-listed in the field by UL at the cost to the Contractor. 



		3.2 SEISMIC BRACING

		A. The Contractor shall seismically brace all equipment in accordance with requirements of the California Code of Regulations, Title 24, Seismic Design Category D and provide certification of seismic compliance upon request, including structural calculations as required.



		3.3 WATERPROOFING

		A. Wherever electrical Work pierces waterproofing or waterproofing membranes, install it in an approved watertight manner.



		3.4 CUTTING AND PATCHING

		A. The Contractor shall provide cutting and patching as required to install the electrical system in this contract.  

		B. Coordinate the schedule of all cutting such that the work may be performed in an expeditious manner with minimum inconvenience to the Owner.

		C. Remove or cut structures or materials as necessary for demolition prior to the installation of new electrical work.

		D. The Contractor shall protect all surfaces, structure, furnishings, and finishes not directly affected by cutting or patching.

		E. Provide dust and moisture barriers as required during cutting and prior to patching openings.

		F. All penetrations through roofs shall be performed per architectural requirements, including compliance with the roofing manufacturer’s requirements.

		G. Patching shall be performed with materials which exactly match the adjacent surfaces in color, texture, character, and appearance.

		H. All patches must maintain the fire ratings of the original surface and shall be sealed with a U.L. listed and Fire Marshal approved sealant.



		3.5 REQUESTS FOR INFORMATION (RFIS)

		A. General: Immediately on discovery of the need for additional information or interpretation of the Contract Documents, Contractor shall prepare and submit an RFI in the form specified (refer to Division 1).

		1. Coordinate and submit RFIs in a prompt manner so as to avoid delays in Contractor's work or work of subcontractors.

		2. RFIs shall address single questions and related issues only.

		3. All RFIs shall be thoroughly reviewed and approved by the General Contractor and/or Construction Manager for accuracy and need for information required before submittal to Owner’s Design Representative. 



		B. Content of the RFI: Include a detailed, legible description of item needing information or interpretation and the following:

		1. Project name.

		a. Project number.

		b. Date.

		c. Name of Contractor.

		d. Name of Architect.

		e. RFI number, numbered sequentially and unique.

		f. RFI subject.

		g. Specification Section number and title and related paragraphs, as appropriate.

		h. Drawing number and detail references, as appropriate.

		i. Field dimensions and conditions, as appropriate.

		j. Contractor's suggested resolution. If Contractor's suggested resolution impacts the Contract Time or the Contract Sum, Contractor shall state impact in the RFI.

		k. Contractor's signature.

		l. Attachments: Include sketches, descriptions, measurements, photos, Product Data, Shop Drawings, coordination drawings, and other information necessary to fully describe items needing interpretation.



		2. Include dimensions, thicknesses, structural grid references, and details of affected materials, assemblies, and attachments on attached sketches.



		C. Engineer’s Action: Engineer will review each RFI, determine action required, and respond. Allow a minimum three business days for Engineer's response for each RFI, plus additional time for Architect and General Contractor to review and forward. RFIs received by Engineer after 1:00 p.m. will be considered as received the following working day.

		1. The following Contractor-generated RFIs will be returned without action:

		a. Incomplete RFIs or inaccurately prepared RFIs.

		b. RFIs submitted without indication of review and approval for submission by General Contractor.

		c. RFIs addressing multiple unrelated issues.

		d. Requests for approval of submittals.

		e. Requests for approval of substitutions.

		f. Requests for approval of Contractor's means and methods.

		g. Requests for information already indicated in the Contract Documents.

		h. Requests for adjustments in the Contract Time or the Contract Sum.

		i. Requests for interpretation of Engineer's actions on submittals.



		2. Engineer's action may include a request for additional information, in which case Engineer's time for response will date from time of receipt of additional information.





		3.6 FIELD QUALITY CONTROL

		A. Closing in of Work:  Do not allow Electrical Work to be covered or enclosed until it has been observed by the Architect's Representative.  Should unobserved Electrical Work be covered or enclosed, uncover it for observation and then make repairs as necessary to restore the Electrical Work and the Work of other affected installers to its original and proper condition, at no cost to the Owner.



		3.7 COMMISSIONING

		A. The Contractor shall initiate start-up of all electrical equipment including operation of all devices, switches, generators, transfer switches, overcurrent protection, disconnect switches, etc. to verify normal operation of all moving parts and electrical performance.

		B. The Contractor shall test, adjust, aim, align, label, clean and complete all systems prior to acceptance by the Owner's Representative.

		C. The Contractor shall demonstrate that all systems operate within the manufacturer's recommended performance characteristics, the electrical construction documents, system requirements, and Owner requirements.

		D. The Contractor shall test each system per the manufacturer’s requirements and shall perform the following system tests:

		1. Inspect cables for physical damage and proper connection.

		2. Torque test cable connection and tighten in accordance with termination manufacturers recommendations.  

		3. Infrared scan all connections under loaded conditions and provided color printed images.

		4. Insulation resistance test of each cable.

		5. Inspect ground system connections.

		6. Voltage drop tests on the main grounding electrode of system.

		7. Determine the ground resistance between the main grounding system and all major electrical equipment frames, system neutral points.

		8. Check rated voltage and phase balance at all equipment, motors and selected devices at full load conditions.  Measure no load voltage conditions at each location.

		9. Furnish all material, equipment, instruments and labor as required to complete testing.

		10. Provide all test results properly bound in a three-ring binder.  





		3.8 TRAINING

		A. Furnish at least one copy operating instructions from the manufacturer for all electrical equipment to the Owner's Representative.  Instructions shall be clean, legible, and properly bound in a three-ring binder.

		B. The Contractor shall provide training for the Owner’s staff as directed by the Owner's Representative for a minimum of one man-day (eight hours).

		C. Provide classroom training by a qualified instructor for the operation, installation, and maintenance of designated equipment or systems including, but not limited to, generation systems, transfer switches, uninterruptible power supplies, energy management systems, lighting control systems, power distributions systems, and other systems which may require instruction.  All instructional training shall be professionally recorded by the Contractor and a DVD of the recording shall be provided to the Owner.



		3.9 CLEANING

		A. Contractor shall clean all equipment, panelboard interiors, conduit interiors, fixtures, devices, etc. of all extraneous paint, drywall mud, overspray, dust, dirt, debris, trash, grease or markings.  All cleaning shall be performed by the Contractor in accordance with the appropriate manufacturer’s recommendations.

		B. Keep the Project Site free from accumulations of electrical rubbish and debris.  Remove such accumulations from the Project Site.
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PART 1 - GENERAL  


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section includes cables and related cable splices, terminations, and accessories for 
medium-voltage (2001 to 35,000 V) electrical distribution systems. 


1.3 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the local government having jurisdiction, including the regulations of 
serving utilities and any participating government agencies having jurisdiction. 


B. Test and inspect cables according to ICEA S-97-682 before shipping. 


C. Installer: Engage a cable splicer, trained and certified by splice material 
manufacturer, to install, splice, and terminate medium-voltage cable. 


D. Information Submittal - Qualification Data: For Installer. 


1.4 SUBMITTALS 


A. Submit shop drawings per Section 260500 for review including the following: 
1. Conductor materials 
2. Connector and fitting materials 
3. Installation materials and methods 
4. Termination materials and methods 


B. Complete data sheet for cable construction, shielding, insulation material, insulation 
rating, thickness of insulation, jacket cable stranding, voltage rating, and total 
amount of order in feet. 


C. Certified test reports for: 
1. Sample test on insulation: physical properties, solvent extraction, heat 


distortion, and accelerated water absorption. 
2. Insulation resistance, power factor corona level, AC dielectric. 
3. Certified Factory Test Report including the results of the test plus cable 


identification, factory order number, cable length and all cable specifications.  
No cable shall be installed in any duct or conduit until a related test report 
has been accepted by the Owner’s Representative. 


4. Field Test Report. 
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5. Submit a certification for the approval of the Owner’s Representative 
containing the names and the qualifications of persons recommended to 
perform the splicing and termination of medium voltage cables approved for 
installation.  Refer to Section 01400 including Exhibit A for certification 
requirements and information regarding cable installation termination and 
testing. 


6. A complete test shall be done on each length of cable at the factory in 
accordance with ICEA S-68-516, and UL-1072.  In addition, a corona test 
shall be done per AEIC CS6-97, Section E. 


7. Complete cable pull-tension study.  Study shall model the route of each 
conductor in 3-dimensions and shall indicate pull-tensions, conduit sidewall 
pressures, pulling rates, minimum bend radius, and suggested pulling 
directions. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Cable manufacturers shall be BICC, Okonite, Pirelli or equal. 


B. Cable terminations and splices shall be manufactured by 3M, Elastimold, or equal. 


C. Fire-proofing and arc-proofing tape shall be manufactured by Bishop (Model 43A), 
3M (Model 7700), or equal. 


D. Source Limitations: Obtain cables and accessories from single source from single 
manufacturer. 


E. The manufacturer shall have a minimum of ten years of experience in manufacturing 
medium voltage EPR power cables and shall submit a certified copy of its AEIC CS 
6 qualification. 


F. Provide the services of a qualified testing laboratory to perform the specified field 
tests. Notify the Owner’s Representative 7 days in advance of performance of work 
requiring testing.  Refer to Section 260500 regarding additional requirements. 


2.2 MATERIALS 


A. 15kV, ungrounded, shielded, single copper conductor, UL listed Type MV, with 
ethylene-propylene (EPR) insulation, jacketed, with ratings per the project 
requirements.  Manufactured within one year of installation. 


B. Suitable for installation in conduit, subject to alternately wet and dry conditions. 


C. To operate satisfactorily, both electrically and mechanically, at conductor 
temperatures not exceeding 90 degrees C continuous for normal loading; 130 
degrees C for emergency loading, emergency of 36 hours; 250 degrees C for short 
circuit loading assuming a short circuit duration of two seconds.  Emergency 
overload operation may occur for periods up to 100 hours per year and with as many 
as five (5) such 100-hour periods within the lifetime of the cable. 


D. Cable to meet the specifications and the minimum requirements of the latest 
revisions of ICEA and AEIC Standards. 
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E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and 
application. 


F. Soft, annealed copper, concentric Class B stranded per ASTM B-8. 


G. Thermoset EPR based material or a material extruded over the conductors with 
thermal characteristics equal to or better than those of the insulation; chemically 
compatible with the conductor and the cable insulation; firmly and continuously 
bonded to the overlaying insulation; easily removable from the conductors; not less 
than 25 mils or more than 50 mils thick.  Compatibility of material shall be 
demonstrated by laboratory test results. 


H. High quality, ethylene-propylene base, thermosetting compound of high dielectric 
strength with heat, moisture, ozone, and corona resistant properties, homogenous, 
solid, and applied with good workmanship.  Insulation thickness shall be 220 mils 
minimum average, and 200 mils minimum at any point; meet or exceed the latest 
editions of Standards ICEA S-68-516, AEIC CS-6 for 133% insulation level.  EPR 
insulation compound shall be free from polyethylene. 


I. Insulated conductor to have a suitable layer of semi-conducting, extruded, 
thermosetting, polyethylene insulation shielding applied directly over the insulation; 
50 mils average thickness; 45 mils minimum thickness; impervious to sunlight, the 
elements and acid or alkaline soils. 


J. Uncoated copper tape shield, helically applied over insulation 0.0005 inch thick with 
minimum 25% overlap.  Minimum ampacity of shield to be one-third that of phase 
wire. 


K. 80 mil, minimum average thickness polyvinyl chloride jacket extruded over the 
shielding tape; smooth, of uniform composition and free of holes, cracks and 
imperfections; longitudinal shrinkage relative to the insulation less than five percent. 


L. Tape for First Course on Metal Objects: 10-mil- thick, corrosion-protective, moisture-
resistant, PVC pipe-wrapping tape. 


M. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch 
thick, and compatible with cable jacket. 


N. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch wide. 


O. Strand shielding insulation and semi-conducting insulation shield shall be applied in 
a continuous triple-tandem extrusion process. 


P. Provide durable lifetime identification printed, embossed, or engraved on outer 
surface of the jacket including manufacturer’s name, year of manufacture, place of 
manufacture, conductor type and size, insulation thickness in mils, and the rated 
voltage, all on 3 foot center maximum spacing. 


Q. Seal ends of cable with mastic material and tight fitting plastic end cap to prevent 
entrance of moisture. 
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2.3 CABLE TERMINATIONS 


A. IEEE 48; Class 1, shrinkable rubber or polymeric cable termination in kit form with 
ground clamp, non-tracking skirts, moisture-blocked ground braid and auxiliary 
materials; rated for voltage class of cable being terminated. 


2.4 CABLE SPLICES 


A. 15kV splices shall consist of a 600 ampere separable insulated connection T-Bolt 
system rated for continuous operation at 15kV for single-conductor shielded power 
cables.  The system components shall be designed according to the specifications 
listed in ANSI/IEEE Standard 386-1985 for 15kV 600A dead-break interfaces, 
sealed against moisture, and include test point on termination body that is 
capacitance coupled.  The system shall be made up of specific kits designed for 
splicing, tapping (adding-on) dead-ending, and 600A equipment connecting.  Each 
kit shall contain all the components necessary for its intended application.  The 
connector cable sizing adapter and shield adapter shall be contained in a separate 
adapter kit.  The system shall be capable of making dead-end, 2-way, 3-way or 
multiple tap splices, and of making connections to 15kV 600A apparatus bushings.  
All hand-wrapped splices shall be reviewed and approved by the Owner prior to 
acceptance. 


PART 3 - EXECUTION 


3.1 FIELD CONDITIONS 


A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities 
occupied by Owner or others unless permitted under the following conditions and 
then only after arranging to provide temporary electric service according to 
requirements indicated: 
1. Notify Construction Manager and Owner no fewer than five days in advance 


of proposed interruption of electric service. 
2. Do not proceed with interruption of electric service without Construction 


Manager's and Owner's written permission. 


3.2 PREPARATION 


A. Proof conduits prior to conductor installation by passing a wire brush mandrel and 
then a rubber duct swab through the conduit. Separate the wire brush and the 
rubber swab by 48 to 72 inches on the pull rope. 
1. Wire Brush Mandrel: Consists of a length of brush approximately the size of 


the conduit inner diameter with stiff steel bristles and an eye on each end for 
attaching the pull ropes. If an obstruction is felt, pull the brush back and forth 
repeatedly to break up the obstruction. 


2. Rubber Duct Swab: Consists of a series of rubber discs approximately the 
size of the conduit inner diameter on a length of steel cable with an eye on 
each end for attaching the pull ropes. Pull the rubber duct swab through the 
duct to extract loose debris from the duct. 


3.3 INSTALLATION 


A. Install cable and accessories in accordance with manufacturer’s instructions and 
IEEE 576. 
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B. Avoid abrasion and other damage to cables during installation. 


C. Pull Conductors:  
1. Where necessary, use manufacturer-approved pulling compound or 


lubricant that does not deteriorate conductor or insulation. 
2. Use pulling means, including fish tape, cable, rope, and basket-weave cable 


grips, that do not damage cables and raceways. Do not use rope hitches for 
pulling attachment to cable. 


3. Use pull-in guides, cable feeders, and draw-in protectors as required to 
protect cables during installation. 


4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape. 


D. Install sufficient cable length to remove cable ends under pulling grips. Remove 
length of conductor damaged during pulling. 


E. Ground cable shield at each termination and splice.  Conductor shield continuity 
must be maintained at all splices. 


F. Install exposed cables parallel and perpendicular to surfaces of exposed structural 
members and follow surface contours where possible. 


G. Support cables according to Section 260529 "Supports and Hangers for Electrical 
Systems." 


H. Install cables in manholes such that cables loop around the complete the interior of 
the manholes and have sufficient slack for addition of minimum one set of T-bolt 
splices.  Attach all cables to vertical cable racks installed in all manholes.  
Coordinate exact attachment requirements with Owner prior to rough-in. 


I. All cable taps shall be made with tap conductors of equal size to the circuit 
conductors. 


J. Arrange cable in manholes to avoid interference with duct entrances and future 
splicing. 


K. Fireproof cables in manholes using fireproofing tape in half-lapped wrapping.  
Extend fireproofing one inch into duct. 


L. Spiral wrap fireproofing tape with glass tape 3M number 27 or equal. 


M. Seal around cables passing through fire-rated elements according to 
Section 078413 "Penetration Firestopping." 


N. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at 
locations not protected by conduit, cable tray, direct burial, or termination materials. 
In addition to arc-proofing tape manufacturer's written instructions, apply arc 
proofing as follows: 
1. Clean cable sheath. 
2. Wrap metallic cable components with 10-mil pipe-wrapping tape. 
3. Smooth surface contours with electrical insulation putty. 
4. Apply arc-proofing tape in one half-lapped layer with coated side toward 


cable. 
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5. Band arc-proofing tape with two layers of 1-inch- wide half-lapped, 
adhesive, glass-cloth tape at each end of the arc-proof tape. 


O. Keep splices to a minimum.  Pull cable in directions indicated by the pull-tension 
study from central manhole wherever possible. 


P. Install cable splices at pull points and elsewhere as indicated; use standard kits. Use 
dead-front separable watertight connectors in manholes and other locations subject 
to water infiltration. 


Q. All cables shall be tagged with laminated Micrata type nameplates engraved with 
5/32-inch high white letters on black background, showing the size of the cable, 
what the cable feeds and the date it was first energized.  The tags shall be attached 
to the cables with heavy duty nylon ties and shall be located in every pullbox, 
junction box, etc., and at every splice and termination.  The cables shall also be 
phase marked “A”, “B”, and “C”. 


R. Arrange identification so that it is unnecessary to move the cable or conductor to 
read the identification. 


S. The cables shall be terminated, and spliced as shown on drawings with self-
vulcanizing tapes in accordance with the printed instructions of the manufacturer of 
the cable supplied.  All self-vulcanizing tapes used to provide the cable insulation 
shall have an EPR base.  All cable splices shall be 15kV, 133% rated.  Cable splices 
shall be constructed per IEEE #404 1986 standard. 


T. Single conductor cables in gutters or wireways, or racks in vaults, shall have the 
three conductors or each circuit bound together with plastic cable ties at points not 
over three feet apart. 


U. Stress cones shall be made on all cable splices and terminations, and shall be made 
in accordance with the printed recommendations of the cable manufacturer. 


V. The conductor shields shall be grounded at each termination of the cable run, and 
on both sides of all splices, using a stranded, #6 bare copper wire to the nearest 
grounding electrode system.  Conductor shield continuity must be maintained at all 
splices.  The ground wire shall be protected from mechanical injury by enclosing it in 
a metal protective covering or by placing it where it will not be subject to damage. 


W. Provide one #4/0 bare copper ground conductor in each conduit with phase 
conductors. 


PART 4 - TESTING 


4.1 FIELD TESTS 


A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”. 


B. Testing of cables shall be performed by an independent testing agency at the 
Contractor’s expense.  The testing agency shall have a minimum of 5 years 
experience. Each person engaged in the testing procedures shall also meet the 
experience requirements.  Provide to Owner’s Representative, documentation, 
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including references, of the testing agency’s, and agency’s personnel experience for 
approval. 


C. Perform DC high potential test of each conductor in accordance with NEMA WC 74. 


D. Connect untested conductors in circuit to ground during test. 


E. Apply test voltage in at least eight equal increments to maximum test voltage. 


F. Record leakage current at each increment, allowing for charging current decay. 


G. Hold maximum test voltage for fifteen minutes.  Record current at 30 seconds and 
every 60 seconds thereafter.  Plot results on X-Y axis. 


H. Each insulated conductor provided under this section of the specification shall be 
tested in accordance with Section E of AEIC CS6. 


4.2 PROTECTION 


A. Protect installed cables from entrance of moisture.  Provide heat shrink caps per 
Cable Manufacturer’s recommendations for cables to be energized at a later date. 


END OF SECTION 





		PART 1 - GENERAL 

		1.1 RELATED DOCUMENTS

		A. The general conditions, Division 26, and Basic Electrical Materials and Methods (Section 260500) are part of this section and the contract for this work and apply to this section as fully as if repeated herein.

		B. Reference to other sections: The applicable requirements from other Division 26 sections required for a complete and operational system shall form a part of the electrical work and each section shall be thoroughly reviewed by the Contractor for application to all other sections.



		1.2 SUMMARY

		A. Section includes cables and related cable splices, terminations, and accessories for medium-voltage (2001 to 35,000 V) electrical distribution systems.



		1.3 QUALITY ASSURANCE AND STANDARDS

		A. All work, material or equipment shall comply with the codes, ordinances and regulations of the local government having jurisdiction, including the regulations of serving utilities and any participating government agencies having jurisdiction.

		B. Test and inspect cables according to ICEA S-97-682 before shipping.

		C. Installer: Engage a cable splicer, trained and certified by splice material manufacturer, to install, splice, and terminate medium-voltage cable.

		D. Information Submittal - Qualification Data: For Installer.



		1.4 SUBMITTALS

		A. Submit shop drawings per Section 260500 for review including the following:

		1. Conductor materials

		2. Connector and fitting materials

		3. Installation materials and methods

		4. Termination materials and methods



		B. Complete data sheet for cable construction, shielding, insulation material, insulation rating, thickness of insulation, jacket cable stranding, voltage rating, and total amount of order in feet.

		C. Certified test reports for:

		1. Sample test on insulation: physical properties, solvent extraction, heat distortion, and accelerated water absorption.

		2. Insulation resistance, power factor corona level, AC dielectric.

		3. Certified Factory Test Report including the results of the test plus cable identification, factory order number, cable length and all cable specifications.  No cable shall be installed in any duct or conduit until a related test report has been accepted by the Owner’s Representative.

		4. Field Test Report.

		5. Submit a certification for the approval of the Owner’s Representative containing the names and the qualifications of persons recommended to perform the splicing and termination of medium voltage cables approved for installation.  Refer to Section 01400 including Exhibit A for certification requirements and information regarding cable installation termination and testing.

		6. A complete test shall be done on each length of cable at the factory in accordance with ICEA S-68-516, and UL-1072.  In addition, a corona test shall be done per AEIC CS6-97, Section E.

		7. Complete cable pull-tension study.  Study shall model the route of each conductor in 3-dimensions and shall indicate pull-tensions, conduit sidewall pressures, pulling rates, minimum bend radius, and suggested pulling directions.







		PART 2 - PRODUCTS

		2.1 MANUFACTURERS

		A. Cable manufacturers shall be BICC, Okonite, Pirelli or equal.

		B. Cable terminations and splices shall be manufactured by 3M, Elastimold, or equal.

		C. Fire-proofing and arc-proofing tape shall be manufactured by Bishop (Model 43A), 3M (Model 7700), or equal.

		D. Source Limitations: Obtain cables and accessories from single source from single manufacturer.

		E. The manufacturer shall have a minimum of ten years of experience in manufacturing medium voltage EPR power cables and shall submit a certified copy of its AEIC CS 6 qualification.

		F. Provide the services of a qualified testing laboratory to perform the specified field tests. Notify the Owner’s Representative 7 days in advance of performance of work requiring testing.  Refer to Section 260500 regarding additional requirements.



		2.2 MATERIALS

		A. 15kV, ungrounded, shielded, single copper conductor, UL listed Type MV, with ethylene-propylene (EPR) insulation, jacketed, with ratings per the project requirements.  Manufactured within one year of installation.

		B. Suitable for installation in conduit, subject to alternately wet and dry conditions.

		C. To operate satisfactorily, both electrically and mechanically, at conductor temperatures not exceeding 90 degrees C continuous for normal loading; 130 degrees C for emergency loading, emergency of 36 hours; 250 degrees C for short circuit loading assuming a short circuit duration of two seconds.  Emergency overload operation may occur for periods up to 100 hours per year and with as many as five (5) such 100-hour periods within the lifetime of the cable.

		D. Cable to meet the specifications and the minimum requirements of the latest revisions of ICEA and AEIC Standards.

		E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		F. Soft, annealed copper, concentric Class B stranded per ASTM B-8.

		G. Thermoset EPR based material or a material extruded over the conductors with thermal characteristics equal to or better than those of the insulation; chemically compatible with the conductor and the cable insulation; firmly and continuously bonded to the overlaying insulation; easily removable from the conductors; not less than 25 mils or more than 50 mils thick.  Compatibility of material shall be demonstrated by laboratory test results.

		H. High quality, ethylene-propylene base, thermosetting compound of high dielectric strength with heat, moisture, ozone, and corona resistant properties, homogenous, solid, and applied with good workmanship.  Insulation thickness shall be 220 mils minimum average, and 200 mils minimum at any point; meet or exceed the latest editions of Standards ICEA S-68-516, AEIC CS-6 for 133% insulation level.  EPR insulation compound shall be free from polyethylene.

		I. Insulated conductor to have a suitable layer of semi-conducting, extruded, thermosetting, polyethylene insulation shielding applied directly over the insulation; 50 mils average thickness; 45 mils minimum thickness; impervious to sunlight, the elements and acid or alkaline soils.

		J. Uncoated copper tape shield, helically applied over insulation 0.0005 inch thick with minimum 25% overlap.  Minimum ampacity of shield to be one-third that of phase wire.

		K. 80 mil, minimum average thickness polyvinyl chloride jacket extruded over the shielding tape; smooth, of uniform composition and free of holes, cracks and imperfections; longitudinal shrinkage relative to the insulation less than five percent.

		L. Tape for First Course on Metal Objects: 10-mil- thick, corrosion-protective, moisture-resistant, PVC pipe-wrapping tape.

		M. Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch thick, and compatible with cable jacket.

		N. Glass-Cloth Tape: Pressure-sensitive adhesive type, 1 inch wide.

		O. Strand shielding insulation and semi-conducting insulation shield shall be applied in a continuous triple-tandem extrusion process.

		P. Provide durable lifetime identification printed, embossed, or engraved on outer surface of the jacket including manufacturer’s name, year of manufacture, place of manufacture, conductor type and size, insulation thickness in mils, and the rated voltage, all on 3 foot center maximum spacing.

		Q. Seal ends of cable with mastic material and tight fitting plastic end cap to prevent entrance of moisture.



		2.3 CABLE TERMINATIONS

		A. IEEE 48; Class 1, shrinkable rubber or polymeric cable termination in kit form with ground clamp, non-tracking skirts, moisture-blocked ground braid and auxiliary materials; rated for voltage class of cable being terminated.



		2.4 CABLE SPLICES

		A. 15kV splices shall consist of a 600 ampere separable insulated connection T-Bolt system rated for continuous operation at 15kV for single-conductor shielded power cables.  The system components shall be designed according to the specifications listed in ANSI/IEEE Standard 386-1985 for 15kV 600A dead-break interfaces, sealed against moisture, and include test point on termination body that is capacitance coupled.  The system shall be made up of specific kits designed for splicing, tapping (adding-on) dead-ending, and 600A equipment connecting.  Each kit shall contain all the components necessary for its intended application.  The connector cable sizing adapter and shield adapter shall be contained in a separate adapter kit.  The system shall be capable of making dead-end, 2-way, 3-way or multiple tap splices, and of making connections to 15kV 600A apparatus bushings.  All hand-wrapped splices shall be reviewed and approved by the Owner prior to acceptance.





		PART 3 - EXECUTION

		3.1 FIELD CONDITIONS

		A. Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:

		1. Notify Construction Manager and Owner no fewer than five days in advance of proposed interruption of electric service.

		2. Do not proceed with interruption of electric service without Construction Manager's and Owner's written permission.





		3.2 PREPARATION

		A. Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inches on the pull rope.

		1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. If an obstruction is felt, pull the brush back and forth repeatedly to break up the obstruction.

		2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the conduit inner diameter on a length of steel cable with an eye on each end for attaching the pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the duct.





		3.3 INSTALLATION

		A. Install cable and accessories in accordance with manufacturer’s instructions and IEEE 576.

		B. Avoid abrasion and other damage to cables during installation.

		C. Pull Conductors: 

		1. Where necessary, use manufacturer-approved pulling compound or lubricant that does not deteriorate conductor or insulation.

		2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that do not damage cables and raceways. Do not use rope hitches for pulling attachment to cable.

		3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables during installation.

		4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape.



		D. Install sufficient cable length to remove cable ends under pulling grips. Remove length of conductor damaged during pulling.

		E. Ground cable shield at each termination and splice.  Conductor shield continuity must be maintained at all splices.

		F. Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow surface contours where possible.

		G. Support cables according to Section 260529 "Supports and Hangers for Electrical Systems."

		H. Install cables in manholes such that cables loop around the complete the interior of the manholes and have sufficient slack for addition of minimum one set of T-bolt splices.  Attach all cables to vertical cable racks installed in all manholes.  Coordinate exact attachment requirements with Owner prior to rough-in.

		I. All cable taps shall be made with tap conductors of equal size to the circuit conductors.

		J. Arrange cable in manholes to avoid interference with duct entrances and future splicing.

		K. Fireproof cables in manholes using fireproofing tape in half-lapped wrapping.  Extend fireproofing one inch into duct.

		L. Spiral wrap fireproofing tape with glass tape 3M number 27 or equal.

		M. Seal around cables passing through fire-rated elements according to Section 078413 "Penetration Firestopping."

		N. Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not protected by conduit, cable tray, direct burial, or termination materials. In addition to arc-proofing tape manufacturer's written instructions, apply arc proofing as follows:

		1. Clean cable sheath.

		2. Wrap metallic cable components with 10-mil pipe-wrapping tape.

		3. Smooth surface contours with electrical insulation putty.

		4. Apply arc-proofing tape in one half-lapped layer with coated side toward cable.

		5. Band arc-proofing tape with two layers of 1-inch- wide half-lapped, adhesive, glass-cloth tape at each end of the arc-proof tape.



		O. Keep splices to a minimum.  Pull cable in directions indicated by the pull-tension study from central manhole wherever possible.

		P. Install cable splices at pull points and elsewhere as indicated; use standard kits. Use dead-front separable watertight connectors in manholes and other locations subject to water infiltration.

		Q. All cables shall be tagged with laminated Micrata type nameplates engraved with 5/32-inch high white letters on black background, showing the size of the cable, what the cable feeds and the date it was first energized.  The tags shall be attached to the cables with heavy duty nylon ties and shall be located in every pullbox, junction box, etc., and at every splice and termination.  The cables shall also be phase marked “A”, “B”, and “C”.

		R. Arrange identification so that it is unnecessary to move the cable or conductor to read the identification.

		S. The cables shall be terminated, and spliced as shown on drawings with self-vulcanizing tapes in accordance with the printed instructions of the manufacturer of the cable supplied.  All self-vulcanizing tapes used to provide the cable insulation shall have an EPR base.  All cable splices shall be 15kV, 133% rated.  Cable splices shall be constructed per IEEE #404 1986 standard.

		T. Single conductor cables in gutters or wireways, or racks in vaults, shall have the three conductors or each circuit bound together with plastic cable ties at points not over three feet apart.

		U. Stress cones shall be made on all cable splices and terminations, and shall be made in accordance with the printed recommendations of the cable manufacturer.

		V. The conductor shields shall be grounded at each termination of the cable run, and on both sides of all splices, using a stranded, #6 bare copper wire to the nearest grounding electrode system.  Conductor shield continuity must be maintained at all splices.  The ground wire shall be protected from mechanical injury by enclosing it in a metal protective covering or by placing it where it will not be subject to damage.

		W. Provide one #4/0 bare copper ground conductor in each conduit with phase conductors.





		PART 4 - TESTING

		4.1 FIELD TESTS

		A. Perform tests and inspections as stipulated in Section 260400 “Acceptance Testing”.

		B. Testing of cables shall be performed by an independent testing agency at the Contractor’s expense.  The testing agency shall have a minimum of 5 years experience. Each person engaged in the testing procedures shall also meet the experience requirements.  Provide to Owner’s Representative, documentation, including references, of the testing agency’s, and agency’s personnel experience for approval.

		C. Perform DC high potential test of each conductor in accordance with NEMA WC 74.

		D. Connect untested conductors in circuit to ground during test.

		E. Apply test voltage in at least eight equal increments to maximum test voltage.

		F. Record leakage current at each increment, allowing for charging current decay.

		G. Hold maximum test voltage for fifteen minutes.  Record current at 30 seconds and every 60 seconds thereafter.  Plot results on X-Y axis.

		H. Each insulated conductor provided under this section of the specification shall be tested in accordance with Section E of AEIC CS6.



		4.2 PROTECTION

		A. Protect installed cables from entrance of moisture.  Provide heat shrink caps per Cable Manufacturer’s recommendations for cables to be energized at a later date.
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end structured cabling system. Including equipment 
for the Telecom Rooms. 


1.2. QUALITY ASSURANCE 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 


1.3. RELATED DOCUMENTS 


A. General and Supplementary Conditions 


1.4. RELATED SECTIONS 


A. Division 26 - Grounding and Bonding 


B. Division 27 - Communications 


PRODUCTS 


2.1. MANUFACTURER(S) AND SOLUTIONS 


A. Acceptable equipment rack, and cable management manufacturers: 


1. Hoffman 


B. Acceptable ladder rack manufacturers: 


1. Chatsworth Products Inc. 
2. Hoffman 
3. Cooper/B-Line 
4. Or equal subject to review. 


2.2. EQUIPMENT CABINET 


A. Designed for support of server equipment, server chassis and ancillary network devices. 


B. Rack shall be minimum 84" and 45 rack units height and accommodate industry standard 19” wide 
mounting brackets. 


C. Rack rails shall be threaded and tapped to accept industry standard #12-24 mounting screws. 


D. Width and Depth of cabinet as indicated on drawings.  


E. Aluminum construction with baked polyester powder coat black finish 


F. Shall include vertical cable managers at front and back sides. Front side cable management can 
be achieved with metallic or plastic integral wire retaining fingers. Rear cable management can be 
achieved with metallic or plastic ringed cable troughs or a similar method. 


G. Shall include horizontal cable management channels, top and bottom cable troughs, grounding lug. 


H. Provide horizontal crossover cable management at the top of each cabinet with a minimum height 
of two rack units each. 


I. Provide front to back adjustable cable management or cradle at the top of each cabinet with a 
minimum height of two rack units each. 


J. Shall include grounding busbar. 
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K. Provide rack or Roof mounted 550 cfm (260-L/s) fan with filter. 


L. Shall feature removable and lockable side panels. 


M. Shall feature hinged and lockable front and rear doors.  


N. Screened ventilation openings in the roof and front and rear door. 


O. Cable access provisions in the roof and base.  


P. Cabinet keyed to match the owner’s standard keyset. 


Q. Metal or plastic with integral wire retaining fingers.  


2.3. EQUIPMENT RACK 


A. Standard 2-post floor-mounted 19” Rack: Aluminum or steel construction, freestanding, modular, 
with top and bottom angles. 


B. Rack shall be 84" high and accommodate industry standard 19” wide mounting brackets.  


C. Rack shall incorporate a universal 5/8"-5/8"-1/2"alternating hole pattern.  


D. Rack rails shall be threaded and tapped to accept industry standard #12-24 mounting screws. 


E. Rack should be supplied with a ground bar and #6 AWG Ground lug. 


F. Equipment Rack shall be equipped with cable management hardware to provide for orderly and 
secure routing of cabling. Provide cable management as described in the specifications and 
drawings.  


2.4. EQUIPMENT CABINET – WALL MOUNT 


A. The cabinets shall be constructed of painted steel or aluminum and offer a usable mounting height 
of 15 RUs and be a minimum of 21 inches deep. Access to the rear of the cabinet mounted 
equipment shall be by a hinged arrangement. 


B. The cabinet shall be configured as to allow for adjustment of the channel uprights (front to rear) in 
1-inch increments and be space to accommodate industry standard 19-inch mounting and tapped 
to accept 12-24 screws. The cabinet shall be vented to allow for airflow through the cabinet. 


C. Cabinet(s) shall be equipped with vertical and horizontal cable management hardware as specified 
above. At a minimum, one such horizontal jumper management panel shall be provided with each 
cabinet. 


2.5. HORIZONTAL CABLE MANAGEMENT 


A. Horizontal cable manager shall be slotted duct with removable cover. Manager shall be a minimum 
of 2 rack units high and suitable for mounting in a standard 19” wide rack. 


B. Provide strain relief and cable management at the rear of each manager unit for clean routing of all 
cables. 


C. Management shall be Black in color. 


2.6. VERTICAL CABLE MANAGEMENT 


A. Vertical cable manager shall be slotted duct with removable cover. Wires should be held in place 
after cover is removed. Finger spacing for front side shall be on 1U centers. Manager shall have 
integral cable pass thru holes for ease of front to back cabling. Management shall be provided for 
front and back of rack.  


B. Management shall be side mounted on both sides of each equipment rack as shown on the 
drawings. 


C. The back side of management shall include adjustable rear cable rings with spin-open latches. 
Spacing between rings from top to bottom should not impede in bundling and passing of cable 
groups. 
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D. The front side of the management shall feature a minimum of 7.5 in. depth or 67.7 sq. in. of usable 
area. The rear side of the management shall feature a minimum of 6.8 in. depth or 66.6 sq. in. of 
usable area.  


E. Height of management shall match overall height of rack and have a minimum 10 in. width.  


F. Contractor shall review and confirm the vertical management capacity with the amount of cables 
being terminated prior to product submission. 


G. Management shall be Black in color. 


2.7. TELECOMMUNICATIONS PLYWOOD BACKBOARD 


A. Backboards shall be 4’W x 8’H x ¾”D. 


B. Finished grade of A-C or better. A-side shall face the interior of the room. 


C. All sides of each backboard should be finished with (2) coats of white paint prior to installation. 
Plywood grade and fire rating stamps on plywood shall remain exposed and not painted over.  


D. If the walls where plywood backboard will hang are fire rated or there’s a requirement for fire rating 
per codes, the plywood backboard and finish paint must meet the same fire rated requirements.  


E. A fire retardant paint additive may be used and the associated documentation should be applied to 
the painted backboard as proof of usage. 


2.8. POWER DISTRIBUTION UNIT (PDU) 


A. PDU inlet cord shall include the appropriate plug deemed necessary (e.g. 5-20P/5-30P/L6-30P) 
per the electrical drawings. Refer to the electrical drawings for more information on plug type for 
dedicated power receptacles above the equipment racks and cabinets or elsewhere in the room. 


B. Horizontally mounted PDUs shall include a minimum of (8) NEMA 5-15R/5-20R power sockets on 
the back side for equipment connections. PDUs shall be horizontally mounted with no more than 1 
rack unit in height. 


C. Vertically mounted PDUs for equipment cabinets or 4-post racks should include a minimum of (21) 
C13 and (3) C19 power sockets for equipment connections. PDUs shall be mounted vertically at 
the back of the rack. 


D. Inlet cord on PDU shall be a minimum 12 feet in length. 


E. PDUs shall be switched and functionality to be metered by individual outlet. 


F. Each outlet on PDU shall support power-on, power-off and reboot on a real-time programmable 
basis.  


G. Unit shall allow reporting of voltage, frequency & load level, and current via Ethernet interface. 
Notifications of conditions are to be reported by email, secure web, SNMP, Telnet or SSH interface. 


H. PDU shall provide Transient suppression to avoid overloads per the wattage rated by the PDU 
overall and by the individual power outlets. 


I. UL-1449, UL 1283 and UL-497A compliant. 


J. Power strip shall meet or exceed IEEE 587 Category A & B specifications. 


K. Provide (1) horizontally mounted PDU shall be furnished and installed within each 2-post rack and 
equipment cabinet or 4-post rack. 


L. Provide (1) vertically mounted PDU shall be furnished and installed within each equipment cabinet 
or 4-post rack.  


EXECUTION 
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3.1. EQUIPMENT RACK 


A. The Contractor shall bolt the rack to the floor as recommended by the manufacturer. Multiple racks 
shall be joined and the ground made common on each. Rack shall also be stabilized by extending 
a brace to the wall. Alternately, overhead cable tray over which the cabling accesses the equipment 
rack(s) shall provide this function. 


B. Install rack with 4” side clearance from walls. Provide minimum clearances as shown on Drawings. 
Locations where these guidelines cannot be followed should be brought to the attention of the 
Consultant prior to installation. 


C. Install with a minimum of 36 inches clear access behind and in front of rack unless otherwise 
directed by drawings. 


D. Install racks straight and perpendicular to walls. 


E. All hardware and equipment shall be mounted above 18" and below 79" A.F.F.  


F. The rack shall be grounded to the telecommunications ground bar (TGB) using a minimum #6 AWG 
insulated stranded copper conductor. Conductor jacket shall be green. 


3.2. WIRE MANAGEMENT 


A. Rack shall be equipped with vertical and horizontal wire management hardware. 


B. Provide horizontal cable management hardware below each patch panel. 


C. Provide vertical cable management hardware on front and rear of each rack. Where multiple racks 
are installed, troughs shall be mounted between the uprights of adjacent racks per manufacturer 
recommendations. 


3.3. BACKBOARDS: 


A. Install backboards 6” above the finished floor to 8’6” AFF. Mounting shall be sufficient enough to 
support the equipment. 


B. Shall be mounted with a minimum of 3/8” toggle bolts and 2” fender washer on each corner and 4’ 
on center as required. 


END OF SECTION
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end backbone structured cabling system 
throughout the campus and premises. This includes - but is not limited to - furnishing and installing 
cable, cable supports, cable ties, innerduct and termination components, ancillary equipment, 
testing, labeling and documentation of cables and connectors. 


B. Complete product procurement and installation shall comply with the campus or owner’s latest 
telecommunication and Information Technology standards documents. 


PRODUCTS 


2.1. MANUFACTURER(S) AND SOLUTIONS 


A. Acceptable backbone voice copper (interbuilding and intrabuilding) manufacturers: 


1. Berk-Tek 


B. Acceptable backbone (indoor and outdoor) coaxial television cable and components manufacturer: 


1. Commscope 540 Series.   
2. Commscope 540 Series Termination Systems.   


C. Acceptable fiber optic (interbuilding and intrabuilding) manufacturers: 


1. Corning Altos Composite. 


2.2. BASIC ENVIRONMENTAL REQUIREMENTS 


A. Cabling shall be suitable for environment in which they are to be installed. 


B. Cabling shall be plenum-rated within interior premise installations. 


C. Cabling shall be outdoor rated within exterior installations subject to outdoor environmental 
conditions. 


2.3. INTRABUILDING COPPER CABLING (VOICE) 


A. Backbone Cable shall incorporate 24 AWG solid annealed copper conductors insulated with a 
polyvinyl chloride skin over expanded polyethylene. Conductors shall be twisted to form pairs and 
fully color-coded. Cable shall be available in 25, 50, 100, 200 or more pairs. 


B. Conductors shall be identified by the insulation color of each conductor. The color code shall follow 
the industry standard composed of ten (10) distinctive colors to identify 25 pairs in accordance with 
the latest ICEA publication of S-80-576. 


C. When cables of larger than 25 pairs are required, the core shall be assembled into 25-pair sub-
units. Cables with over 600 pairs shall have 25-pair binder groups combined into super units. These 
super units shall be wrapped with a solid color thread that follows the primary color scheme of 
white, red, black, yellow and violet. Binder color code integrity shall be maintained wherever cables 
are spliced. 


D. The cables shall contain an overall corrugated, coated aluminum shield that is electrically 
continuous over its entire length. 


E. Provide one full 500-foot spool of 24-AWG two-pair jumper wire on a spool holder for additional 
cross connects by owner. 
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2.4. INTERBUILDING COPPER CABLING (VOICE) 


A. Cables shall incorporate 24 AWG solid, annealed, bare copper conductors insulated with a 
polyvinyl chloride skin over expanded polyethylene.  


B. Conductors shall be twisted to form pairs and fully color-coded. Cable shall be available in 25, 50, 
100, 200 or more pairs. 


C. Cables shall be designated RUS/REA PE-89 suitable for duct or direct burial applications. Cables 
shall be Aluminum Steel with Polyethylene (ASP) filled core cables. 


D. Conductors shall be insulated with a thermoplastic skin. Maximum diameter of the insulated 
conductor shall be 0.048 in (1.22 mm). Insulated conductors shall be stranded into pairs of varying 
lengths in order to minimize cross-talk. 


E. Conductors shall be identified by the insulation color of each conductor. The color code shall follow 
the industry standard composed of ten (10) distinctive colors to identify 25 pairs in accordance with 
the latest ICEA publication of S-80-576. 


F. When cables of larger than 25 pairs are required, the core shall be assembled into 25-pair sub-
units. Cables with over 600 pairs shall have 25-pair binder groups combined into super units. These 
super units shall be wrapped with a solid color thread that follows the primary color scheme of 
white, red, black, yellow and violet. Binder color code integrity shall be maintained wherever cables 
are spliced. 


G. Cable shall meet the physical and electrical requirements of 100 Ohm twisted pair cable as defined 
by standards. Cable shall conform to Category 3 performance specifications or better. 


H. A flooding compound shall be applied over the core and to all surfaces of the shield/armor to resist 
moisture entry and to inhibit corrosion.  


I. The cable core shall be filled with a waterproofing compound and wrapped with a non-hydroscopic 
core tape. 


J. The cables shall contain an overall corrugated, coated aluminum shield, which is electrically 
continuous over its entire length. 


K. The cable shall be finished with a polyethylene jacket, which is sequentially printed with a footage 
marker at regular intervals. 


2.5. VOICE TERMINATION FIELD 


A. Voice terminations shall utilize 110 style termination block hardware with 25 pairs per row. 


B. The mechanical termination shall be capable of terminating 22 - 26 AWG plastic insulated, solid 
and stranded copper conductors.  


C. 4-pair connecting blocks shall be utilized to make electrical connection between terminated cables 
and cross connect wires. The blocks shall be designed to maintain the cable pair twists as closely 
as possible to the point of mechanical termination.  


D. Base shall employ standoff legs to allow cable routing behind base. 


E. Base shall have integral label holder to identify location of cable. 


F. Horizontal management shall be via jumper troughs furnished with standoff legs. 


G. Provide a punchdown tower kit system for mounting the 110 block units. System shall include 
jumper troughs and provide horizontal cable management. 


H. Vertical cable management shall be via multi pair vertical cable managers designed for use with 
the tower system. 


2.6. INTRABUILDING FIBER OPTIC CABLE 


A. This cable shall be suitable for indoor installation in free-air, conduit, tray and/or in innerduct. Cable 
shall carry on OFNP rating. 


B. Cable materials shall be all dielectric. 
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C. Cable shall be composite.  


D. Outer sheath shall be marked with the manufacturer's name, date of manufacture, fiber type, flame 
rating, UL symbol, and sequential length markings every two feet. All coatings shall be mechanically 
strippable without damaging the optical fiber. 


E. The glass fiber shall be doped silica core surrounded by a concentric glass cladding. The fiber shall 


have a graded index. The overall cladding diameter shall be 125 ± 2µm. 


F. Multi-mode optical fibers in each cable shall meet the following specifications: 


1. Transmission Windows  850nm, 1300nm, and minEMBc (Laser) 


2. Core Diameter  50.0 ± 3µm 
3. Maximum Attenuation  3.0 dB/km @ 850nm; 1.0 dB/km @ 1300nm 
4. Minimum Bandwidth  3500 MHz/km @ 850nm  


500 MHz/km @ 1300nm 
4700 MHz/km @ minEMBc (Laser) 


5. Fiber Classification  OM4 


G. Single-mode optical fibers in each cable shall meet the following specifications: 


1. Transmission Windows  1310nm, 1383nm and 1550nm 


2. Core Diameter  8.3µm  
3. Maximum Attenuation  0.5 dB/km @ 1310nm 


0.5 dB/km @ 1383nm 
0.5 dB/km @ 1550nm 


4. Fiber Classification  OS2 


2.7. INTERBUILDING FIBER OPTIC CABLE 


A. Cable shall be suitable for direct burial or duct applications. 


B. Cable shall incorporate a corrugated steel armor tape to provide rodent resistance. Other cable 
materials shall be all dielectric. 


C. Cable shall be composite.  


D. Cable shall be constructed with a dry or gel-filled water-blocking material. 


E. Cable shall be of loose tube construction. 


F. Outer sheath shall be polyethylene (PE). 


G. The outer sheath shall be marked with the manufacture name, words identifying the cable as fiber 
optic cable, and sequential length markings. The marking shall be in a contrasting color to the cable 
jacket. 


H. Quantity and type of standards shall be as indicated on the drawings. 


1. Transmission Windows  850nm, 1300nm, and minEMBc (Laser) 


2. Core Diameter  50.0 ± 3µm 
3. Maximum Attenuation  3.0 dB/km @ 850nm; 1.0 dB/km @ 1300nm 
4. Minimum Bandwidth  3500 MHz/km @ 850nm  


500 MHz/km @ 1300nm 
4700 MHz/km @ minEMBc (Laser) 


5. Fiber Classification  OM4 


I. Single-mode optical fibers in each cable shall meet the following specifications: 


1. Transmission Windows  1310nm, 1383nm and 1550nm 


2. Core Diameter  8.3µm  
3. Maximum Attenuation  0.5 dB/km @ 1310nm 


0.5 dB/km @ 1383nm 
0.5 dB/km @ 1550nm 


4. Fiber Classification  OS2 
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2.8. INDOOR/OUTDOOR FIBER OPTIC CABLE 


A. Cable shall be provided wherever it shall run within a wet environment or where it would be exposed 
to an outdoor condition. 


B. Cable shall be suitable for installation both indoors and outdoors. 


C. Cable shall retain an OFNP plenum rating to meet the listing requirements per CEC for use within 
building premises. 


D. Cable shall be loose tube construction. 


E. Cable shall constructed with a dry of gel-filled type water blocking material. 


2.9. FIBER OPTIC TERMINATION PANELS 


A. All fibers shall be terminated on Duplex-LC couplings mounted on enclosed patch panels. Couplers 
shall be mounted on a panel that snaps into the enclosure. 


B. The enclosure shall be designed to accommodate a changing variety of connector types by 
changing panels on which connector couplings are mounted. 


C. The panel enclosure shall be sized to accommodate the total quantity of fiber strands as described 
in the specifications and drawings. 


D. Termination panels shall be enclosed assemblies. The enclosures shall incorporate a hinged or 
retractable front cover designed to protect the connector couplings and fiber optic jumpers. 


E. The patch panel enclosure shall provide for strain relief of incoming cables and shall incorporate 
radius control mechanisms to limit bending of the fiber to the manufacturers recommended 
minimums. 


F. Access to the inside of the patch panel enclosure during installation shall be from the front and 
rear.  


G. The patch panel enclosure shall be configured to require only front access when patching. The 
enclosure shall provide a physical barrier to access of backbone cables. 


H. The enclosure shall incorporate a storage cassette, tray, or other mechanism designed to allow 
identification, access and termination of individual fibers. 


I. The fiber optic patch panel shall be rated to match or exceed the ANSI/TIA/EIA rated wiring 
terminated on the panel. 


J. Provide Corning CCH Termination Panels for CCH Enclosures.  


2.10. FIBER OPTIC CONNECTOR 


A. The Optical Connector shall be Duplex-LC type modular jack. Completed cable assembly shall 
interface with fiber optic terminal bulkhead feed-through receptacle on Fiber Optic Patch Panel. 
Supply and install dust caps for terminated fibers. 


B. The connector ferrule shall be ceramic. The optical fiber within the connector ferrule shall be 
secured with an adhesive [or mechanical connection]. 


2.11. FIBER OPTIC PATCH CORDS 


A. The fiber optic patch cables shall match the core size and type of fiber being patched. The fiber 
optic patch cables shall utilize tight buffer construction. 


B. Fiber Optic jumpers shall incorporate connectors that match the terminations of the fiber being 
patched. Connector body shall be of materials similar to that used in the proposed couplings. 


C. Provide patch cords with connectors compatible with equipment being patched. Verify connector 
type of active electronic equipment with owner. 


D. Provide one optical fiber patch cord per optical fiber strand installed. 
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E. For the TR patch cords, 80% shall be 3 meters, 10% shall be 4 meters and 10% shall be 7 meters 
in length from the total number. 


2.12. FIBER OPTIC SPLICE ENCLOSURE 


A. Splices shall be allowed where required to transition between different fiber optic cable types.  


B. The splice enclosure shall be designed specifically for use in the splicing of fiber optic cables and 
incorporate splice trays. One splice tray shall be used for each fiber bundle. The enclosure and the 
splice trays shall be designed to organize adequate slack to allow for re-splicing. 


C. The splice enclosure shall incorporate strain relief for the incoming cables.  


D. Splice enclosure shall be re-usable for system expansion or repair. 


E. Provide Corning CCH-01U at each end of the run. 2 cables have a total of 4 housings. Each housing 
will have (1) CCH-CP24-D3 for multimode fiber and (1) CCH-CP24-A9 for singlemode fiber.  


2.13. TELEVISION INDOOR BACKBONE COAX 


A. Center conductor - 0.124” 


B. Outer diameter - 0.514” 


C. Impedance 75-Ohms 


D. Velocity of propagation 88% 


E. Maximum attenuation (per 100-feet) 


1. at 55-MHz 0.48 dB 
2. at 750-MHz 1.85 dB 


2.14. TELEVISION OUTDOOR BACKBONE COAX 


A. Center conductor - 0.124” 


B. Outer diameter - 0.610” 


C. Impedance 75-Ohms 


D. Velocity of propagation 88% 


E. Maximum attenuation (per 100-feet) 


1. at 55-MHz 0.48 dB 
2. at 750-MHz 1.85 dB 


F. Cable shall employ a water blocking material 


2.15. COAX CABLE TAPS, DIRECTIONAL COUPLERS, AND SPLITTERS 


A. All directional couplers and splitters shall support a video bandwidth of 1 GHz. 


2.16. COAX TERMINATION END 


A. F connector shall be male type connector impedance matched to the cable that is terminated. 


B. Connector shall be single piece construction and incorporate a ½" crimp ring with a hex crimp. 


C. Female type connectors shall be matched to male connectors. 


EXECUTION 
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3.1. INTRABUILDING COPPER CABLING (VOICE) 


A. Follow cable manufacturer’s cable pulling recommendations. Recommended pulling tensions and 
pulling bending radii shall not be exceeded. Any cable bent beyond minimum bending radius shall 
not be installed. 


B. All cable shall be free of tension at both ends. A ten foot service loop shall be provided with each 
backbone cable. 


C. Avoid abrasion and other damage to cables during installation. 


D. Pulling Lubricant shall be used to ease pulling tensions. Lubricant shall not damage or degrade 
cable jacket and other materials used. Lubricant shall not harden or become adhesive with age. 


E. Termination of Backbone Voice cabling shall be accomplished by using five-pair clips. 


F. Cables shall be installed in conduit, cable tray, or on J-hooks as shown on the Drawings. 


3.2. INTERBUILDING COPPER CABLING (VOICE) 


A. All conductors shall be continuous and splice free.  


B. Bridge taps shall not be allowed. 


3.3. VOICE TERMINATION FIELD 


A. Horizontal wiring troughs shall be positioned at the top of each column of termination blocks and 
between each 100-pair wiring block.  


B. Vertical cable managers incorporating metal distributing rings shall be provided for vertical routing 
of jumper and/or cross-connect wire.  


C. Utilize multiple 300 or 900 pair tower systems and corresponding vertical cable managers to create 
termination fields. 


D. Blocks shall identify each pair position by a different color designation. Integral label holders shall 
allow for easy identification of each location. 


E. The Contractor shall be responsible for the cross connect between the station and backbone 
cabling. 


F. Cross connect the center two pair of each station cable to the backbone cable. Use single or two 
pair cross connect wire for this purpose. 


G. Fastening cables directly to support brackets with wire or plastic ties will not be accepted. All cabling 
shall be neatly laced, dressed and supported. Retainer shall be used on each 110-type block to 
secure jumper wires on the wiring block(s). 


H. Termination blocks shall have a minimum capacity of 20% spare pairs after all horizontal cabling is 
terminated. 


3.4. FIBER OPTIC CABLE 


A. Cable shall be continuous and free of splices except in specified splice trays in TR or ER locations. 
Factory optical fiber splices are not allowed. 


B. The fiber manufacturer shall subject all fibers to a minimum tensile proof test equivalent to 100-
kpsi. All fibers in each cable shall be guaranteed to meet the stated specifications. 


C. Backbone intra-building fiber optic cabling shall be installed via conduit and/or in innerduct in cable 
tray as illustrated on the drawings.  


D. Provide 15 feet of slack in each backbone fiber optic cable. The cable slack shall be coiled and 
stored in a location to protect it from damage in the TR or ER in the case of inter-building cables. 
The slack shall be stored in a separate enclosure designed for this purpose. Multiple cables may 
share a common enclosure. 


E. Maintain bending radius of twenty times the outside diameter of the cable during installation and 
ten times the outside diameter with no load. 
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F. Backbone Fiber Optic Cable shall be installed in protective innerduct where cable is susceptible to 
damage. This includes areas cable tray and transitions between pathways. The innerduct should 
extend into the termination and/or storage enclosure(s) at system endpoints. 


3.5. FIBER OPTIC CONNECTOR 


A. The fiber optic connector shall be installed per manufacturer’s written instructions. 


3.6. FIBER OPTIC PATCH PANEL 


A. Fiber optic patch panels shall be rack mounted. 


B. Install fiber optic patch panels in topmost rack position. 


C. Transition outdoor to indoor cables either by splicing factory-terminated pigtails or by the use of a 
"fan-out" kit. Secure individual fibers in an aramid reinforced tube. 


D. Termination hardware shall incorporate a mechanism to secure cable and sub-assemblies and 
prevent damage.  


E. Splicing shall be by the “fusion” method. 


F. Direct termination of 250 µm coated fibers shall not be permitted. 


3.7. FIBER OPTIC PATCH CORDS 


A. The fiber optic patch cords shall be installed per manufacturer’s written instructions. 


B. Contractor must coordinate with the owner for installing all patch cords within the TR.  


C. Any left-over patch cords which are not used for the initial installation shall be placed in a box and 
handed over to the owner. Patch cords must be new and within the original unopened package. 


3.8. FIBER OPTIC SPLICE ENCLOSURE 


A. The fiber optic splice enclosure shall be installed per manufacturer’s written instructions. 


3.9. COAX DIRECTIONAL COUPLERS, SPLITTERS 


A. The contractor shall provide all hard-line coaxial directional couplers or splitters to provide adequate 
distribution of all horizontal coaxial cable in each IDF and MDF. 
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end horizontal structured cabling system 
throughout the campus and premises. This includes - but is not limited to - furnishing and installing 
cable, cable supports, cable ties, innerduct and termination components, ancillary equipment, 
testing, labeling and documentation of cables and connectors. 


B. Complete product procurement and installation shall comply with the campus or owner’s latest 
telecommunication and Information Technology standards documents. 


PRODUCTS 


2.1. MANUFACTURER(S) AND SOLUTIONS 


A. Acceptable indoor/premise end to end solutions for horizontal copper: 


1. Berk-Tek LANmark-XTP UTP Plenum Category 6A. 


B. Acceptable indoor/premise end to end solutions for termination components.  


1. Ortronics Category 6A Connectivity Solutions. 


C. Acceptable indoor/outdoor end to end solutions for horizontal copper and components: 


1. Berk-Tek / Nexans LANmark Industry Solutions. 
2. Ortronics / Legrand Industrial Solutions. 


2.2. BASIC ENVIRONMENTAL REQUIREMENTS 


A. Cabling shall be suitable for environment in which they are to be installed. 


B. Cabling shall be plenum rated within interior premise installations. 


C. Cabling shall be outdoor rated within exterior installations subject to outdoor environmental 
conditions. 


2.3. HORIZONTAL STATION CABLE 


A. Cable shall consist of 4 pair #24 AWG insulated solid copper conductors. Each pair shall be 
unshielded and twisted. 


B. Transmission characteristics of the cables shall exceed Category 6A performance as defined by 
industry standards.  


C. The jacket color for Voice cables shall be Yellow. 


D. The jacket color for Data cables shall be Blue. 


2.4. HORIZONTAL STATION INDOOR/OUTDOOR CABLE 


A. Cable shall be provided wherever it shall run within a wet environment or where it would be exposed 
to an outdoor condition. 


B. Transmission characteristics of the cables shall meet full Category 6A performance as defined by 
industry standards. 


C. Cable shall be suitable for installation both indoors and outdoors. 


D. Cable shall be suitable for both direct burial and underground conduit installations. 


E. Cable shall retain an OFNP plenum rating to meet the listing requirements per NFPA for use within 
building premises. 
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F. Cable shall be constructed with a dry or gel-filled type water blocking material. 


2.5. INDOOR JACKS 


A. Jacks shall be non-keyed 8-pin 8 conductor (8P8C) modular jacks. 


B. Data termination hardware shall meet full Category 6A performance specifications as defined by 
industry standards. 


C. Jacks shall be UL verified and listed.  


D. Color of the Voice jack shall be Ivory or White depending on Faceplate to match. 


E. Color of the Data jacks shall be Orange. 


2.6. OUTDOOR JACKS 


A. In outdoor conditions as indicated on drawings provide IP67 rated jacks. 


B. Jacks shall be terminated and installed within appropriate outdoor rated stainless steel faceplate 
as indicated by manufacturer instructions.  


C. Provide weather seals on outlets as needed to equal that of outdoor rated products in the project 
and per manufacturer’s recommendations.  


D. Provide IP67 rated screw on covers produced by the same jack manufacturer for every outdoor 
jack installed. 


E. Data termination hardware shall meet full Category 6A performance specifications as defined by 
industry standards. 


F. Jacks shall be UL verified and listed. 


2.7. TELECOM OUTLET - STANDARD INDOOR 


A. The combined faceplate and connector jack assembly is referred to as the Information Outlet (IO). 


B. Connector assemblies shall utilize modular jacks as specified in Paragraph 2.5. 


C. Outlet faceplates shall incorporate recessed designation strips for identifying labels. Designation 
strips shall be fitted with clear plastic covers. 


D. The faceplate of the IO shall be constructed of high impact plastic (except where noted otherwise). 


E. Single-gang faceplates shall be 2.75 x 4.5 inches. 


F. Faceplates shall be UL listed. 


G. Color of the wall plate shall be Ivory or White depending on electrical outlet color to match. 


2.8. TELECOM OUTLET - STANDARD OUTDOOR 


A. Faceplates shall be IP67 rated faceplate. 


B. Faceplate shall be stainless steel and tamper resistant. 


C. Provide weather seals on faceplate as needed to equal that of outdoor rated products in the project 
and per manufacturer’s recommendations.  


D. The combined faceplate and connector jack assembly is referred to as the Information Outlet (IO). 


E. Connector assemblies shall utilize modular jacks as specified in Paragraph 2.6. 


F. Outlet faceplates shall include area for integrating waterproof labels. Designation strips shall be 
fitted with clear waterproof covers. 


G. Single-gang faceplates shall be 2.75 x 4.5 inches. 


H. Faceplates shall be UL listed. 
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2.9. TELECOM OUTLET - WALL PHONE 


A. Faceplate shall be stainless steel flush to utilize a single modular jack. 


B. Faceplate shall have standard mounting stubs on top and bottom suitable for wall mounting a 
standard phone directly over it. 


C. Outlet shall be placed at a location providing 12” x 12” clearance at all sides to accommodate the 
phone. 


2.10. TELECOM OUTLET - MODULAR FURNITURE 


A. Outlet module shall be formulated to fit all jacks in row for use within furniture cabling provision or 
raceway. Contractor must confirm compatibility of outlet with the raceway manufacturer prior to 
ordering. 


B. Outlet module shall allow jacks to retain the configuration of the standard information outlets shall 
accommodate easy to read labels configured horizontally. 


C. Color of the outlet module should be Ivory or White depending on electrical outlet color to match. 


2.11. TELECOM OUTLET - FLOORBOX/POKE-THRU 


A. Faceplate shall include mounting slots for accommodating required jacks within the floorbox/poke-
thru. Contractor must confirm compatibility of faceplate with the floorbox/poke-thru  


B. Faceplate shall be able to fit within standard NEMA provision as well as low voltage floorbox and 
poke-thru provisions. 


C. Color of the faceplate shall be Ivory or White depending on electrical outlet color to match. 


2.12. TELECOM OUTLET - RACEWAY 


A. Outlet module shall be formulated to fit all jacks for use within the raceway’s provisions. Contractor 
must confirm compatibility of outlet with the raceway manufacturer. 


B. Outlet module shall allow jacks to retain the configuration of the standard information outlets shall 
accommodate easy to read labels configured horizontally. 


C. Color of the outlet module should be Ivory or White depending on electrical outlet color to match. 


2.13. HORIZONTAL STATION CABLE PATCH PANEL 


A. The data patch panel shall utilize modular jacks as described in Paragraph 2.5. 


B. Patch panels shall be 19” wide and rack mounted. 


C. Individual patch panels shall contain a maximum of 48 ports.  


D. The data patch panel as a system shall be rated to match or exceed the ANSI/TIA/EIA rated wiring 
terminated on the panel. 


E. Patch panel shall be complete with rear strain relief mechanism for the incoming cables.  


F. The patch panel shall have integral designation strips to identify each port on the front and rear of 
the panel. 


G. Patch panels shall have a minimum of 20% spare ports. 


2.14. COMMUNICATIONS INDOOR OUTLET PATCH CORDS 


A. Patch cords shall be factory manufactured by the same manufacturer providing the horizontal 
cabling and meet the requirements of Category 6A cabling. 


B. Be round, and consist of eight insulated 24 AWG, stranded copper conductors, arranged in four 
color-coded twisted pairs within a flame-retardant jacket. 


C. Be equipped with modular 8-position plugs on both ends, wired straight through with standards 
compliant wiring. 







SAN DIEGO STATE UNIVERSITY SECTION 271500 
EIS COMPLEX COMMUNICATIONS HORIZONTAL CABLING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016  


 


 271500 - 4 WCI 


 


D. Provide one patch cord per installed jack. 


E. All workstation patch cords shall be 14 feet in length.  


F. For the TR patch cords, 80% shall be 7 feet, and 20% shall be 14 feet in length from the total 
number. 


2.15. COMMUNICATIONS OUTDOOR OUTLET PATCH CORDS 


A. In outdoor conditions as indicated on drawings provide IP67 rated patch cords. 


B. Patch cords shall be from the same manufacturer as the outdoor rated jacks submitted for 
installation. 


C. Patch cords shall be factory manufactured by the same manufacturer providing the horizontal 
cabling and meet the requirements of Category 6A cabling. 


D. Be round, and consist of eight insulated 24 AWG, stranded copper conductors, arranged in four 
color-coded twisted pairs within a flame-retardant jacket. 


E. Be equipped with modular 8-position plugs on both ends, wired straight through with standards 
compliant wiring. 


F. Provide patch cord for all outdoor drops. 


G. Each patch cord shall be 5 feet in length. 


2.16. HORIZONTAL FIBER OPTIC STATION CABLE 


A. Cable shall be a minimum of two fibers. 


B. Fiber shall be multi-mode with a core diameter of 50.0 ± 3µm. 


C. Cable materials shall be all dielectric. 


D. All fibers shall have been subjected to a minimum tensile proof test by the fiber manufacturer 
equivalent to 100-kpsi. 


E. Outer sheath shall be marked with the manufacturer's name, date of manufacture, fiber type, flame 
rating, UL symbol, and sequential length markings every two feet. 


F. Maximum attenuation shall be 3.5 dB/km @ 850nm; 1.5 dB/km @ 1300nm.  


G. Minimum Bandwidth shall be 160 MHz*km @ 850nm; 500 MHz*km @ 1300nm. 


EXECUTION 


3.1. HORIZONTAL DATA STATION CABLE AND TERMINATIONS 


A. All horizontal Data Station Cables shall terminate on modular patch panels in their respective 
Telecommunications Rooms (TR) or Equipment Room (ER) as specified on the drawings. 


B. The maximum station cable drop length shall not exceed 90-meters. This length shall be measured 
from the patch panel in the wiring closet to the outlet in the work area. The Contractor is responsible 
for installing station cabling in a fashion to avoid runs that exceed this distance. Any areas that 
violate the above constraints shall be identified and reported to the Consultant prior to installation.  


C. All cables shall be continuous and splice-free. 


D. During pulling operation provide adequate resources to observe cable at all points of duct entry 
and exit. 


E. Avoid abrasion and other damage to cables during installation. 


F. All cable shall be installed free of tension at both ends. In cases where the cable must bear some 
stress, Kellom grips may be used to spread the strain over a longer length of cable. 


G. Cables shall be supported according to applicable codes. J-hooks used for cable support shall be 
manufactured solely for the purpose of supporting communication cables. 
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H. Supports should be spaced at a maximum 4-foot interval unless limited by building construction. If 
cable "sag" at mid-span exceeds 12-inches, another support shall be used. 


I. Cable shall never be supported by the ceiling grid. 


J. Cables shall not be attached to existing cabling, plumbing or steam piping, ductwork, ceiling 
supports or the outside of existing electrical or communications conduit. 


K. Manufacturer’s minimum bend radius specifications shall be observed at all times. Cable ties 
should not be over tightened as to compress the cable jacket. No sharp burrs should remain where 
excess length of the cable tie has been cut. 


L. Cable sheaths shall be protected from damage by sharp edges. Where a cable passes over a sharp 
edge, a bushing or grommet shall be used to protect the cable. Bushings shall be used at both 
ends of all EMT and rigid steel conduit. 


M. Maintain the following minimum separation distances between power and data cables.  


 


Condition Minimum Separation Distance 


< 2kVA 2-5 kVA >5kVA 


Unshielded power lines or electrical 
equipment in proximity to open or 
nonmetal pathways 


5” 12” 24” 


Unshielded power lines or electrical 
equipment in proximity to a grounded 
metal conduit pathway 


2.5” 6” 12” 


Power lines enclosed in a grounded 
metal conduit (or equivalent shielding) in 
proximity to a grounded metal conduit 
pathway 


 3” 6” 


Electrical motors and transformers   48” 


 


N. Maintain the following minimum separation distances between data cables and specific 
electromagnetic interference sources: 


 


Source of Disturbance Minimum Separation 


Fluorescent lamps 6” 


Neon lamps 6” 


Mercury vapour lamps 6” 


High-intensity discharge lamps 6” 


Arc welders 6” 


Frequency induction heating 40” 


 


O. Cables shall be routed through channel in modular furniture. Communication cabling shall not run 
in channel with power wiring. 


P. Information Outlets shall be flush mounted on wall-mounted boxes, in floor-mounted boxes, and in 
modular furniture as shown on Drawings. 
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Q. All data and voice cables shall be positioned on termination hardware in sequence of the Outlet 
I.D. starting with the lowest number. 


R. Termination hardware (Blocks and Patch Panels) positioning and layout must be reviewed by the 
Consultant prior to construction. The review does not exempt the Contractor from meeting any of 
the requirements stated in this document. 


S. Patch panels shall be installed to allow for future cables to be added without disrupting existing 
installation. 


T. Cables shall have a 12” service loop in outlet box or supported properly above ceiling. 


3.2. JACKS 


A. Jacks shall be wired per TIA-568B pin outs. 


3.3. INFORMATION OUTLET 


A. The same orientation and positioning of jacks and connectors shall be utilized throughout the 
installation. 


B. Outlet boxes shall be secured to building with minimum of two mechanical fasteners per box. 
Adhesive fasteners are not allowed. 


C. All extra openings to be filled with blank inserts. 


3.4. COMMUNICATIONS PATCH PANEL 


A. Panels shall be fully populated with jacks. 


B. Install copper patch panels below fiber optic patch panels in telecommunications rack. 


3.5. HORIZONTAL DATA STATION CABLE PATCH CORDS 


A. The patch cords shall be installed per manufacturer’s written instructions. 


B. Contractor must coordinate with the owner for installing all patch cords within the TR.  


C. Any left-over patch cords which are not used for the initial installation shall be placed in a box and 
handed over to the owner. Patch cords must be new and within the original unopened package. 


3.6. FIBER OPTIC CONNECTOR 


A. The fiber optic connector shall be installed per manufacturer’s written instructions. 


3.7. FIBER OPTIC PATCH CORDS 


A. The fiber optic patch cords shall be installed per manufacturer’s written instructions. 


B. Contractor must coordinate with the owner for installing all patch cords within the TR.  


C. Any left-over patch cords which are not used for the initial installation shall be placed in a box and 
handed over to the owner. Patch cords must be new and within the original unopened package. 


3.8. TELEVISION COAX AND TERMINATIONS  


A. When preparing the coax cable for termination, manufacturer installation procedures shall be 
adhered to. Special care shall be taken to insure the proper center conductor length as specified 
by the manufacturer. 


B. The connectors shall be mated to female/female feed-thru couplings at both the outlet and TR 
locations. These couplings shall be matched to the male connector. Couplings shall be of sufficient 
length as to allow for the male connector to fully seat on both sides. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SUMMARY 


A. Section Includes: 
1. Furnish, install, and wire all equipment associated with the installation of an 


Audio-Visual Rescue Assistance Signal System to comply with ADA 
requirements. This work shall include a main annunciator panel, remote call 
stations, power supply, outlet boxes, cables and wiring as shown on the drawings 
and as specified herein. 


1.2 SUBMITTALS 


A. General 
1. Data sheets on all equipment being provided as well recommended cable types. 


Internal control cabinet drawings showing internal block diagram connections 
shall be provided. Wiring diagrams showing typical field wiring connections as 
well as single line floor plan indicating equipment locations as well as cable 
routings and quantities.  


B. Product Data 
1. Submit product data, including manufacturer's (Spec-Data) product sheet, for 


specified products. 


C. Shop Drawings 
1. Submit shop drawings showing layout, profiles and product components, 


including anchorage and accessories. Include cabling diagrams, wiring diagrams, 
station installation details, and equipment cabinet details. 


D. Quality Assurance Submittals:  Submit the following: 
1. Test Reports: Certified test reports showing compliance with specified 


performance characteristics. 
2. Manufacturer's Instructions: Manufacturer's installation instructions. 
3. Manufacturer's Field Reports: Manufacturer's field reports specified herein. 


E. Closeout Submittals 
1. Submit the following: 


a. Operation and Maintenance Data: Operation and maintenance data for 
installed products in accordance with Division 1 Closeout Submittals 
(Maintenance Data and Operation Data) Section. Include methods for 
maintaining installed products and precautions against cleaning 
materials and methods detrimental to finishes and performance. Include 
troubleshooting guide, wiring terminal identification and equipment parts 
list. 


b. Warranty: Warranty documents specified herein. 


F. Project Closeout 
1. A one-year maintenance contract offering continued factory authorized service of 


this system shall be provided as part of this contract. Built drawings that include 
changes to wiring, wiring designations, junction box labeling and other pertinent 
information shall be supplied upon completion of the project. 
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2. The contractor shall furnish manufacturer's manuals of the completed system 
including individual specifications sheets, schematics, inter-panel and intra-panel 
wiring diagrams. 
a. All information necessary for the proper maintenance and operation of 


the system must be included. 
b. Provide four copies. 


3. As built drawings that include changes to wiring, wiring designations, junction box 
labeling, and other pertinent information shall be supplied upon completion of the 
project. 


4. Provide a minimum of two (2) hours of in-service training with the system. 
a. These sessions shall be broken into segments that will facilitate the 


training of the system users in operating station equipment. 
b. Operating manuals and user’s guides shall be provided at the time of 


training. 


1.3 WARRANTY 


A. Project Warranty 
1. Refer to Conditions of the Contract for project warranty provisions. 


B. Manufacturer's Warranty 
1. Submit, for Owner's acceptance, manufacturer's standard warranty document 


executed by authorized company official. Manufacturer's warranty is in addition 
to, and not a limitation of, other rights Owner may have under Contract 
Documents. 
a. Warranty Period: [Specify term.] years commencing on the Date of 


Completion. 
b. All materials and installation shall be guaranteed to be free of defects in 


material and workmanship for one year after final acceptance of 
installation and tests. 


1.4 INSTALLATION STANDARDS 


A. The system shall be installed in accordance with the 2013 CEC and ADA requirements. 


B. The completed system shall be in compliance with state and local electrical codes. 


C. All wiring shall test free from grounds and shorts.  


1.5 SYSTEM OPERATIONS 


A. Furnish, install and place into operation a Rescue Assistance System for this building as 
indicated on the drawings and as specified herein.  


B. A common annunciator shall be provided at the main building entrance where shown on 
the drawings to indicate light and tone signals from multiple remote call stations. 
1. When the call station switch is activated, a red LED button illuminates and a one 


shot tone sounds. 
2. When the alarm signal is acknowledged, the remote call station is signaled with a 


flashing light and tone. 
3. Voice communication with the remote call can then be initiated from the 


annunciator. 
4. Optional access to a public telephone system shall be provided when specified. 







SAN DIEGO STATE UNIVERSITY                SECTION 275118 
EIS COMPLEX                                    RESCUE ASSISTANCE SIGNAL SYSTEM 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 275118 - 3 Michael Wall Engineering 


PART 2 - PRODUCTS 


2.1 RESCUE ASSISTANCE-VISUAL EQUIPMENT 


A. Manufacturer:  Cornell Communications, Inc. 


B. Contact: 7915 N 81
st
 St., Milwaukee, WI 53223-3830; Telephone: 800- 558-8957; (414) 


351-4660; Fax: (414) 351-4657. 


2.2 PRODUCT SUBSTITUTIONS 


A. Substitutions:  Provide equal or better equipment than the specified manufacture subject 
to review by the Architect and Engineer. 
1. Tek-Safe 
2. Jeron 


2.3 CORNELL 4200 RESCUE ASSISTANCE-AUDIO/VISUAL SYSTEM AND COMPONENTS 


A. Equipment 
1. This system shall consist of multiple remote call stations, which will share a 


common annunciator panel and optional access to a public telephone system for 
external alarm notification.  


B. Annunciator 
1. The annunciator panel shall be a CORNELL Model A4200/XX or A4225/XX, with 


capacity for 200 to 225 zones, surface mounted at the Main Fire Department 
Entrance to the building. 
a. Verify location with the Local Fire Marshal and the Architect. 


2. An alternate action switch with internal LED indicator shall be included for each 
zone. 
a. A yellow LED light on the zone switch shall illuminate and the alarm shall 


emit a repeating sound if the supervised wiring is faulted. 
3. An audible alarm shall be mounted on the annunciator panel, which will emit a 


minimum sound level of 90 db at 30 cm when a remote station calls. 
a. Depressing the zone switch will answer a zone and open the intercom 


line to the zone. 
4. The front panel shall have silk-screened zone designations and operating 


directions as well as zone designation strips.  
5. The power supply shall be a 120 volt emergency battery backup, CORNELL 


model B-5243A or P-512243A. 
6. The optional, TAK-4200 telephone access kit will place a call to a designated 


location via a dedicated public telephone line to notify them of the alarm. 


C. Remote Call Stations 
1. The remote call station shall be CORNELL Model 4201B/V or Model 4201B/VM 


vandal resistant with one momentary switch with LED and loudspeaker.  
2. The station shall have hands free voice communication with the annunciator. 
3. The station shall have silk-screened operating instructions. 
4. The station shall be flush wall mounted on a 2-gang stainless steel plate with a 


48" maximum mounting height for forward reach, and a 54” maximum for side 
reach. 
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2.4 SOURCE QUALITY  


A. Source Quality 
1. Obtain rescue assistance equipment and system from a single manufacturer. 


PART 3 - EXECUTION 


3.1 MANUFACTURER'S INSTRUCTIONS 


A. Compliance:  Comply with manufacturer's product data, including product technical 
bulletins, product catalog installation instructions, and product carton instructions for 
installation. 


3.2 EXAMINAITON 


A. Site Verification of Conditions:  Verify substrate conditions, which have been previously 
installed under other sections, are acceptable for product installation in accordance with 
manufacturer's instructions. 


3.3 INSTALLATION 


A. Cabling Requirements 
1. Wiring from the annunciator to the call station shall be CORNELL CB-4200 


custom cable. 
2. Wiring from the annunciator to the power supply shall be 18-gauge, 2 conductor. 
3. Verify cable types with the Rescue Assistance System Manufacturer. 
4. The optional telephone access kit requires a 120V AC outlet and dedicated 


external telephone line. 


B. Rescue Assistance Signal System - Audio/Visual Installation 
1. Complete system shall be installed in strict accordance with manufacturer's 


recommendations. 
2. Wiring shall be installed in raceways throughout the building. 


a. Conduit, if required, shall be 1/2" minimum. 


3.4 FIELD QUALITY REQUIREMENTS 


A. Site Tests (Post Installation Testing) 
1. Checkout final connections to the system shall be made by a factory technician 


authorized by the manufacturer of the products installed.  
a. Factory authorized technicians shall demonstrate operation of the 


complete system and each major component to the staff.  
b. System field wiring diagrams shall be provided to this subcontractor by 


the system prior to installation.  


B. Inspection 
1. Perform a complete functional test of the system upon completion of the 


installation and instruct the staff in the operation and maintenance of the system. 
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C. Cleaning 
1. Cleaning:  Repair or replace damaged installed products. Clean installed 


products in accordance with manufacturer's instructions prior to Owner's 
acceptance. Remove construction debris from project site and legally dispose of 
debris. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 SUMMARY

		A. Section Includes:

		1. Furnish, install, and wire all equipment associated with the installation of an Audio-Visual Rescue Assistance Signal System to comply with ADA requirements. This work shall include a main annunciator panel, remote call stations, power supply, outlet boxes, cables and wiring as shown on the drawings and as specified herein.





		1.2 SUBMITTALS

		A. General

		1. Data sheets on all equipment being provided as well recommended cable types. Internal control cabinet drawings showing internal block diagram connections shall be provided. Wiring diagrams showing typical field wiring connections as well as single line floor plan indicating equipment locations as well as cable routings and quantities. 



		B. Product Data

		1. Submit product data, including manufacturer's (Spec-Data) product sheet, for specified products.



		C. Shop Drawings

		1. Submit shop drawings showing layout, profiles and product components, including anchorage and accessories. Include cabling diagrams, wiring diagrams, station installation details, and equipment cabinet details.



		D. Quality Assurance Submittals:  Submit the following:

		1. Test Reports: Certified test reports showing compliance with specified performance characteristics.

		2. Manufacturer's Instructions: Manufacturer's installation instructions.

		3. Manufacturer's Field Reports: Manufacturer's field reports specified herein.



		E. Closeout Submittals

		1. Submit the following:

		a. Operation and Maintenance Data: Operation and maintenance data for installed products in accordance with Division 1 Closeout Submittals (Maintenance Data and Operation Data) Section. Include methods for maintaining installed products and precautions against cleaning materials and methods detrimental to finishes and performance. Include troubleshooting guide, wiring terminal identification and equipment parts list.

		b. Warranty: Warranty documents specified herein.





		F. Project Closeout

		1. A one-year maintenance contract offering continued factory authorized service of this system shall be provided as part of this contract. Built drawings that include changes to wiring, wiring designations, junction box labeling and other pertinent information shall be supplied upon completion of the project.

		2. The contractor shall furnish manufacturer's manuals of the completed system including individual specifications sheets, schematics, inter-panel and intra-panel wiring diagrams.

		a. All information necessary for the proper maintenance and operation of the system must be included.

		b. Provide four copies.



		3. As built drawings that include changes to wiring, wiring designations, junction box labeling, and other pertinent information shall be supplied upon completion of the project.

		4. Provide a minimum of two (2) hours of in-service training with the system.

		a. These sessions shall be broken into segments that will facilitate the training of the system users in operating station equipment.

		b. Operating manuals and user’s guides shall be provided at the time of training.







		1.3 WARRANTY

		A. Project Warranty

		1. Refer to Conditions of the Contract for project warranty provisions.



		B. Manufacturer's Warranty

		1. Submit, for Owner's acceptance, manufacturer's standard warranty document executed by authorized company official. Manufacturer's warranty is in addition to, and not a limitation of, other rights Owner may have under Contract Documents.

		a. Warranty Period: [Specify term.] years commencing on the Date of Completion.

		b. All materials and installation shall be guaranteed to be free of defects in material and workmanship for one year after final acceptance of installation and tests.







		1.4 INSTALLATION STANDARDS

		A. The system shall be installed in accordance with the 2013 CEC and ADA requirements.

		B. The completed system shall be in compliance with state and local electrical codes.

		C. All wiring shall test free from grounds and shorts. 



		1.5 SYSTEM OPERATIONS

		A. Furnish, install and place into operation a Rescue Assistance System for this building as indicated on the drawings and as specified herein. 

		B. A common annunciator shall be provided at the main building entrance where shown on the drawings to indicate light and tone signals from multiple remote call stations.

		1. When the call station switch is activated, a red LED button illuminates and a one shot tone sounds.

		2. When the alarm signal is acknowledged, the remote call station is signaled with a flashing light and tone.

		3. Voice communication with the remote call can then be initiated from the annunciator.

		4. Optional access to a public telephone system shall be provided when specified.







		PART 2 - PRODUCTS

		2.1 RESCUE ASSISTANCE-VISUAL EQUIPMENT

		A. Manufacturer:  Cornell Communications, Inc.

		B. Contact: 7915 N 81st St., Milwaukee, WI 53223-3830; Telephone: 800- 558-8957; (414) 351-4660; Fax: (414) 351-4657.



		2.2 PRODUCT SUBSTITUTIONS

		A. Substitutions:  Provide equal or better equipment than the specified manufacture subject to review by the Architect and Engineer.

		1. Tek-Safe

		2. Jeron





		2.3 CORNELL 4200 RESCUE ASSISTANCE-AUDIO/VISUAL SYSTEM AND COMPONENTS

		A. Equipment

		1. This system shall consist of multiple remote call stations, which will share a common annunciator panel and optional access to a public telephone system for external alarm notification. 



		B. Annunciator

		1. The annunciator panel shall be a CORNELL Model A4200/XX or A4225/XX, with capacity for 200 to 225 zones, surface mounted at the Main Fire Department Entrance to the building.

		a. Verify location with the Local Fire Marshal and the Architect.



		2. An alternate action switch with internal LED indicator shall be included for each zone.

		a. A yellow LED light on the zone switch shall illuminate and the alarm shall emit a repeating sound if the supervised wiring is faulted.



		3. An audible alarm shall be mounted on the annunciator panel, which will emit a minimum sound level of 90 db at 30 cm when a remote station calls.

		a. Depressing the zone switch will answer a zone and open the intercom line to the zone.



		4. The front panel shall have silk-screened zone designations and operating directions as well as zone designation strips. 

		5. The power supply shall be a 120 volt emergency battery backup, CORNELL model B-5243A or P-512243A.

		6. The optional, TAK-4200 telephone access kit will place a call to a designated location via a dedicated public telephone line to notify them of the alarm.



		C. Remote Call Stations

		1. The remote call station shall be CORNELL Model 4201B/V or Model 4201B/VM vandal resistant with one momentary switch with LED and loudspeaker. 

		2. The station shall have hands free voice communication with the annunciator.

		3. The station shall have silk-screened operating instructions.

		4. The station shall be flush wall mounted on a 2-gang stainless steel plate with a 48" maximum mounting height for forward reach, and a 54” maximum for side reach.





		2.4 SOURCE QUALITY 

		A. Source Quality

		1. Obtain rescue assistance equipment and system from a single manufacturer.







		PART 3 - EXECUTION

		3.1 MANUFACTURER'S INSTRUCTIONS

		A. Compliance:  Comply with manufacturer's product data, including product technical bulletins, product catalog installation instructions, and product carton instructions for installation.



		3.2 EXAMINAITON

		A. Site Verification of Conditions:  Verify substrate conditions, which have been previously installed under other sections, are acceptable for product installation in accordance with manufacturer's instructions.



		3.3 INSTALLATION

		A. Cabling Requirements

		1. Wiring from the annunciator to the call station shall be CORNELL CB-4200 custom cable.

		2. Wiring from the annunciator to the power supply shall be 18-gauge, 2 conductor.

		3. Verify cable types with the Rescue Assistance System Manufacturer.

		4. The optional telephone access kit requires a 120V AC outlet and dedicated external telephone line.



		B. Rescue Assistance Signal System - Audio/Visual Installation

		1. Complete system shall be installed in strict accordance with manufacturer's recommendations.

		2. Wiring shall be installed in raceways throughout the building.

		a. Conduit, if required, shall be 1/2" minimum.







		3.4 FIELD QUALITY REQUIREMENTS

		A. Site Tests (Post Installation Testing)

		1. Checkout final connections to the system shall be made by a factory technician authorized by the manufacturer of the products installed. 

		a. Factory authorized technicians shall demonstrate operation of the complete system and each major component to the staff. 

		b. System field wiring diagrams shall be provided to this subcontractor by the system prior to installation. 





		B. Inspection

		1. Perform a complete functional test of the system upon completion of the installation and instruct the staff in the operation and maintenance of the system.



		C. Cleaning

		1. Cleaning:  Repair or replace damaged installed products. Clean installed products in accordance with manufacturer's instructions prior to Owner's acceptance. Remove construction debris from project site and legally dispose of debris.
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PART 1 - GENERAL 


1.1 WORK COVERED BY CONTRACT DOCUMENTS 


A. The work includes the provision of Assistive Listening Systems (ALS) as part of the 
building project.   


B. Portable ALS shall be provided to the Owner, where specified. 


C. Scope of Work: The work shall consist of the design, provision, termination, testing, and 
documentation of a complete and fully functional ALS.  The instructions in this section are 
specific to the ALS installations and should be read in conjunction with other contract 
documents as applicable. 


1.2 REGULATORY REFERENCES 


A. ALS equipment provided per this Section shall be in full compliance with the requirements 
of the Americans with Disabilities Act and as needed for the facility to meet full compliance. 


B.  ALS System shall be provided in accordance with CBC Section 11B-219 and shall comply 
with CBC Section 11B-706. See CBC Section 202.for definition of assembly areas. 


C. The minimum number of receivers to be provided shall be equal to 4% fo the total number 
of seats, but in no case less than two.  25% minimum of the receivers provided, but no less 
than two, shall be hearing aid compatible in accordance with CBC Section 11B-706.3. 


D. If the system provided is limited to specific areas or seats, then such areas or seats shall 
be within a 50-foot viewing distance of, and have a complete view of, the stage or playing 
area.  CBC Section 11B-219.4. 


1.3 SUBMITTALS 


A. Prior to ordering materials or commencing any construction activities, the contractor shall 
provide the Owner with a complete bill of materials, including all quantities of components, 
devices, equipment, and wiring required to complete this work 


 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. Acceptable Manufacturers: 
1. Listen Technologies 
2. Williams Sound 
3. Sennheiser 


2.2 PRODUCT REQUIREMENTS 


A. Portable System – Provide 3 complete systems 
1. Basis of design Listen Technologies 
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2. The full complement of equipment provided shall constitute a complete system of 
compatible components as produced by a single manufacturer. A mix of components 
by multiple manufacturers shall be unacceptable. 


3. The assistive listening system (ALS) shall be capable of broadcasting on 57 channels 
and be frequency agile. The ALS system shall have 80dB SNR or greater, end-to-
end. Receivers shall be frequency agile and frequency set with a "seek" button. The 
receiver will incorporate a stereo headset jack that allows the user to plug in either a 
mono or stereo headset and listen to audio normally. The portable receivers and 
transmitters shall incorporate automatic battery charging circuitry for recharging of Ni-
MH batteries. 


4. Portable equipment for one system 
a. Listen Technologies LT-700-216 Portable Transmitter (Qty: 1), or equal. 
b. Listen Technologies LA-263 Line/Microphone “Y” Cable (Qty: 1), or equal 
c. Listen Technologies LA-278 Behind-the-Head Microphone (Qty: 1), or equal 
d. Listen Technologies LR-400-216 Portable Display receiver (Qty: 3), or equal 
e. Listen Technologies LA-166 Neck Loop (Qty: 1), or equal 
f. Listen Technologies LA-164 Ear Speaker (Qty: 2), or equal 
g. Listen Technologies LA-362 NiMH rechargeable batteries. (Qty: 3), or equal 
h. Listen Technologies LA-317 4-Unit Charging/Carrying Case (Qty 1), or equal 


PART 3 - EXECUTION 


3.1 EQUIPMENT INSTALLATION 


A. All specified portable ALS equipment shall be delivered to the University unopened in 
original packaging for installation and/or deployment by others. 


 
 


END OF SECTION 
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end structured cabling system. This includes - but 
is not limited to - furnishing and installing cable, cable supports, cable ties, innerduct, racks, 
cabinets, termination components, ancillary equipment, testing, and labeling and documentation of 
cables and connectors, for a complete end-to-end solution. 


B. Refer to the contract documents for locations of Telecom Rooms (TRs), Equipment Room (ER), 
and telecommunication outlets (TOs). Note that the port and cable count at each TO may vary by 
location. 


C. Complete installation shall comply with the Owner provided latest telecommunication and IT 
standards documents. 


D. It shall be the responsibility of the contractor, to work with the Owner and provide the necessary 
assistance to make any connections from the owners’ outside plant, service provider to establish 
services which shall ride on the new cabling system. These activities include, but are not limited to 
patch cords, cross connects, general wiring, documentation, and cable pair identification. 


1.2. RELATED DOCUMENTS 


A. General and Supplementary Conditions 


1.3. RELATED SECTIONS 


A. Division 01 – General Conditions  


B. Division 07 – Penetration Firestopping 


C. Division 26 - Grounding and Bonding 


D. Division 26 - Raceway and Boxes 


E. Division 26 - Wiring Devices 


F. Division 27 - Communications 


1.4. ACRONYMS AND DEFINITIONS 


A. BICSI: Building Industry Consulting Service International 


B. Cross-Connect: A facility enabling the termination of cable elements and their interconnection or 
cross-connection 


C. EMI: Electromagnetic interference 


D. Horizontal Cabling: Cabling between and including the telecommunications outlet/connector and 
the horizontal cross-connect 


E. IDC: Insulation displacement connector 


F. LAN: Local area network 


G. NRTL: Nationally Recognized Testing Laboratory, an independent agency, with the experience and 
capability to conduct the testing indicated, as defined by OSHA in 29 CFR 1910.7 


H. RCDD: Registered Communications Distribution Designer, a BICSI-certification 


I. RMC: Rigid metallic conduit 


J. TR: Telecom Room 
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K. UTP: Unshielded twisted pair 


L. Cat. 6A: Augmented Category 6 UTP, as defined by TIA standards 


1.5. CONTRACTOR QUALIFICATIONS 


A. The contractor shall be a company specializing in the installation of communication cable and 
accessories with a minimum of five years documented experience on similar systems. 


B. Must be a current certified partner of the solutions being furnished and installed in order to meet 
the requirements for the extended warranty and service programs. 


C. Must hold a current communications cabling license within the State the project is taking place and 
must be verifiable for good standing. 


D. Contractor must have a current affiliation with BICSI. 


E. Within the project’s onsite team, 15% of installers shall hold a BICSI Installer 1 certification, 15% 
of installers shall also hold a BICSI Installer 2 certification (Both Optical Fiber and Copper). 10% of 
the team shall hold a BICSI ITS Technician certification and a minimum of (1) team member shall 
hold a current and valid BICSI RCDD certification. 


F. All BICSI certified field installers shall take on roles of Foreman or Team Lead to ensure installations 
are deemed compliant per codes and standards. 


G. Contractor must have satisfactorily completed (3) projects within the past 5 years of similar scope 
and amount within the same state. 


H. The selected Contractor shall provide a Project Manager to act a single point of contact for all 
activities performed under this section. The Project Manager shall be a Registered 
Communications Distribution Designer (RCDD). The RCDD shall have a minimum of 3 years 
experiences in design and installation. The designer must have sufficient experience in this type 
project(s) as to be able to lend adequate technical support to the field forces during installation, 
during the warranty period and during any extended warranty periods or maintenance contracts. 
The Contractor must attach a resume of the responsible designer to the Contractor's submittal for 
evaluation.  


I. The Project Manager, or designee thereof, shall be required to attend project meetings as required 
until project closeout/signoff. 


J. Should the Project Manager assigned to this project change during the installation, the new Project 
Manager assigned must meet all qualifications stated in this section, and must also submit a 
resume for review by the Consultant.  


K. If, in the opinion of the Consultant, the Project Manager does not possess adequate qualifications 
to support the project, the Consultant reserves the right to require the Contractor to assign a 
designer whom, in the Owner’s opinion, possesses the necessary skills and experience required 
of this project. 


1.6. REGULATORY REFERENCES   


A. ANSI/IEEE C2 - National Electrical Safety Code (NESC) 


B. California Electrical Code (CEC) 


C. ANSI/TIA-568-C.0 – Generic Telecommunications Cabling for Customer Premises, published 
February 2009 and all latest addenda derived from ANSI/TIA 568-B  


D. ANSI/TIA-568-C.1 – Commercial Building Telecommunications Cabling Standard, published 
February 2009 and all latest addenda derived from ANSI/568-B 


E. ANSI/TIA-568-C.2 – Balanced Twisted Pair Telecommunication Cabling and Components 
Standard, published August 2009 and all latest addenda derived from ANSI/TIA 568-B 


F. ANSI/TIA-568-C.3 – Optical Fiber Cabling Components Standard, published June 2008 and all 
latest addenda derived from ANSI/TIA 568-B 
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G. ANSI/TIA/EIA 569-B - Commercial Building Standard for Telecommunications Pathways and 
Spaces 


H. ANSI/TIA-606-B – Administration Standard for Telecommunications Infrastructure, published June 
2012 including all latest addenda derived from TIA-606-A 


I. ANSI/TIA-607-B – Generic Telecommunications Bonding and Grounding (Earthing) for Customer 
Premises 


J. ANSI/TIA-758-A Customer Owned Outside Plant Telecommunications Infrastructure Standard 


K. IEEE 142 “Green Book”- Recommended Practice for Grounding of Industrial and Commercial 
Power Systems 


L. UL 444 - Standard for Communications Cable 


M. Rural Electrification Administration (REA) PE-89 - specification for filled telephone cables with 
expanded insulation 


N. Rural Electrification Administration (REA) PE-39 - specification for filled telephone cables 


O. CEC Article 250 for System Grounding 


P. CEC Articles 770 and 800 for Cable Listing Requirements 


Q. Work performed should additionally comply with and follow guidelines established in the latest 
edition/revision, as of the date of the Contract Documents, of the following publications: 


1. BICSI Telecommunications Distribution Methods Manual (TDMM)  
2. BICSI Outside Plant Design Reference Manual (OSPDRM) 
3. National Electrical Contractors Association (NECA)/BICSI ANSI/NECA/BICSI-568-2006 


Standard for Installing Commercial Building Telecommunications Cabling 


R. All materials shall be new and listed by UL and shall bear the UL label. If UL has no published 
standards for a particular item, then other national independent testing standards shall apply and 
such items shall bear those labels. Where UL has an applicable system listing and label, the entire 
system shall be so labeled. 


S. Notify Consultant of all material believed to be inadequate, unsuitable, in violation of law, 
ordinances, rules or regulations of authorities having jurisdiction. 


1.7. CONFLICTING REQUIREMENTS 


A. Referenced Standards: If compliance with two or more standards is specified and the standards 
establish different or conflicting requirements for minimum quantities or quality levels, comply with 
the most stringent requirement. Refer uncertainties and requirements that are different, but 
apparently equal, to Consultant for a decision before proceeding. 


B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall be the 
minimum provided or performed. The actual installation may comply exactly with the minimum 
quantity or quality specified, or it may exceed the minimum within reasonable limits. To comply with 
these requirements, indicated numeric values are minimum or maximum, as appropriate, for the 
context of requirements. Refer uncertainties to Consultant for a decision before proceeding. 


1.8. SUBMITTALS  


A. Submittals shall include complete documentation of the system, products and accessories in a 
single submittal. Incomplete submittals will be returned unreviewed.  


B. Prior to the start of work the Contractor shall submit shop drawings in an electronic form. Plans 
shall be fresh designs by the contractor; they cannot be overlays of the Consultant’s package which 
are indicative as the contract documents. Shop drawings shall contain: 


1. Full size floor plans showing proposed cable routing, wire basket routes, labeling of all 
outlets, locations of pullboxes. 


2. Full size floor plans and elevations of all telecommunication room racks and cabinets; also 
include all walls with equipment.  
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3. Elevations shall indicate part numbers and quantities for all equipment. 
4. Elevations of all type of outlet faceplates which shall include the configuration for jacks, 


blanks and the intended outlet labeling schemes. 
5. Floor plans shall include all ladder rack or overhead cable distribution hardware within the 


telecommunications rooms to be installed per manufacturer’s instructions. 
6. Outside plant manhole and handhole designs coordinated with electrical as well as the 


site environment. 
7. Outside plant conduit arrangement details within ductbank and within the manholes and 


handholes as necessary. 
8. Outside plant conduit ductbank overall routing coordinated with electrical as well as the 


site environment. 
9. All seismic bracing and support details shall be provided in coordination with the general 


contractor as needed. 


C. Submittals shall include faceplates mockups sent to the Consultant for final review. Mockups shall 
have the manufacturer’s cable markings clearly visible. The following are standard items that are 
to be submitted. 


1. Wall mounted outlet complete with faceplate, terminated jacks, blanks, and labeling for all 
types of outlets in project. Outlet should also contain 24” minimum of the cable proposed 
for the project.  


2. Wireless outlet complete with jacks, blanks, and labeling. 
3. Wall phone (stainless steel) outlet. 
4. Modular furniture outlet complete with faceplate, jacks, blanks and labeling. 
5. Raceway outlet complete with faceplate, bezel, jacks, blanks and labeling.  
6. Floorbox outlet complete with faceplate, mounting plate, jacks and labeling. 


D. Where applicable, dimensions should be marked in units to match those specified. 


E. Work shall not proceed without the consultant’s “no exception taken” of the submitted items. 


F. Floor plans will be provided to the Contractor in electronic (AutoCAD, “.dwg”) formats to be utilized 
by the contractor in creating complete submittals and as-built documentation. These modified 
documents shall be provided to the Owner as part of the Record Documents. 


G. All submittal documentation shall bear the stamp of a currently verifiable BICSI RCDD. 


H. Plans shall be fresh designs by the Contractor; they cannot be overlays of the Consultant’s package 
which is indicative as contract documents.  


I. Contractor must submit documentation to support all Contractor Qualifications and Requirements 
under Section 1.5 which is to include but not limited to the following: 


1. End to end solution and partner documentation indicating contractor’s staff has gone 
through proper channels and training support a minimum 25 year warranty and service 
program by the manufacturers.  


2. BICSI affiliations by contractor. 
3. BICSI cabling team’s RCDD, Installer 1, Installer 2 (Optical Fiber and Copper) and ITS 


Technician certifications.  
4. Current copy of the State contractor’s license for Communications Cabling. 
5. Documentation of (3) similar projects within the past 5 years in the same State. 


J. Contractor shall include data sheets and literature of test equipment to be used for fiber and copper 
cabling and components.  


1.9. MANUFACTURER CERTIFIED WARRANTY 


A. The manufacturer shall be a company specializing in communication cable and/or accessories with 
a minimum of five years documented experience in producing cable and/or accessories similar to 
those specified below. 


B. The system shall be comprised of components from a single manufacturer or a combination of 
manufacturers entering into a partnering agreement that allows for a warranty of the system. 
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C. System warranty program documents must be from that of the cabling and component 
manufacturer and associated partners. Cabling and component warranty programs offered by the 
contractor alone are not acceptable. 


D. The warranty period shall be for not less than 25 years and warranty the cabling system and 
components will perform to the stated specifications for the warranty period. 


1.10. QUALITY ASSURANCE 


A. Installer Qualifications:  A firm or individual experienced in installing, erecting, or assembling work 
similar in material, design, and extent to that indicated for this Project, whose work has resulted in 
construction with a record of successful in-service performance. 


B. Specialists: Certain sections of the Specifications require that specific construction activities shall 
be performed by entities who are recognized experts in those operations. Specialists shall satisfy 
qualification requirements indicated and shall be engaged for the activities indicated. 


C. Requirement for specialists shall not supersede building codes and regulations governing the Work. 


D. Factory-Authorized Service Representative Qualifications: An authorized representative of 
manufacturer who is trained and approved by manufacturer to inspect installation of manufacturer's 
products that are similar in material and design.  


1.11. QUALITY CONTROL 


A. Contractor Responsibilities: Tests and inspections not explicitly assigned to Owner are Contractor's 
responsibility. Perform quality-control services required of Contractor by authorities having 
jurisdiction, whether specified or not. 


B. Manufacturer's Field Services:  Where indicated, engage a factory-authorized service 
representative to inspect field-assembled components and equipment installation, including service 
connections. Report results in writing. 


C. Manufacturer's Technical Services: Where indicated, engage a manufacturer's technical 
representative to observe and inspect the Work.  


D. Coordination:  Coordinate sequence of activities to accommodate required quality-assurance and 
quality-control services with a minimum of delay and to avoid necessity of removing and replacing 
construction to accommodate testing and inspecting. 


1.12. OWNER STANDARDS 


A. Work performed should additionally comply with Owner Standards. 


PRODUCTS 


2.1. NOT USED 


EXECUTION 


3.1. GENERAL 


A. Contractor shall follow standard industry installation practices as described in the latest release of 
the BICSI TDMM. 


B. Contractor shall be responsible for identifying and reporting to the Site Coordinator(s) any existing 
damage to walls, flooring, tiles and furnishings in the work area prior to start of work. All damage 
to interior spaces caused by the installation of cable, pathways or other hardware must be repaired 
by the Contractor. Repairs must match preexisting color and finish of walls, floors and ceilings. Any 
contractor-damaged ceiling tiles are to be replaced to match color, size, style and texture. 


C. The installation shall be supervised on site by a BICSI certified installer. 
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D. The contractor shall have on staff a BICSI certified RCDD. RCDD certification shall be current and 
each submittal shall bear the stamp of the RCDD. 


E. Outlets shall be mounted flush on a wall-mounted box, on Surface Raceway and in Modular 
Furniture. Information Outlet locations are identified on Project Drawings. 


F. Avoid abrasion and other damage to cables during installation. Any cable damaged during 
installation shall be removed and a new cable installed. 


G. Cables shall be a continuous run. No in-line splices are permitted except were explicitly indicated 
on the drawings. 


3.2. DELIVERY AND STORAGE 


A. Receive, handle, and store telecommunications system items and materials at the project site. 
Materials and items shall be so placed that they are protected from damage and deterioration. 


3.3. INSTALLATION 


A. The drawings for work under Division 27 Sections related to communication systems are 
diagrammatic and are intended to convey the scope of work and indicate the general arrangement 
of conduit, boxes, equipment, termination hardware, fixtures and other work included in the 
Contract. 


B. The Contractor shall verify all dimensions and clearances before procuring any equipment.  


C. Location of items required by the drawings or specifications not definitely fixed by dimensions are 
approximate only and exact locations necessary to secure the best conditions and results shall be 
determined at the site and shall be subject to the approval of the Architect/Telecom Design 
Engineer. 


D. Follow drawings in laying out work, check drawings of other trades to verify spaces in which work 
will be installed, and maintain maximum headroom and space conditions at all points. 


1. Where space conditions appear inadequate, the Architect/Telecom Design Engineer shall 
be notified before proceeding with installation. 


2. Minor conduit and cable tray rerouting and changes shall be made at no additional cost to 
the Owner. 


3. As necessary, adjust elevations of rack-mounted termination hardware and horizontal wire 
management panels so as to compensate for rack unit sizes of actual hardware used, as 
compared to hardware rack unit sizes depicted in Contract Drawings. 


E. Perform all work with skilled mechanics of the particular trade involved in a neat and workmanlike 
manner. 


F. Perform all work in cooperation and coordination with other trades and schedule. 


G. Furnish other trades advance information on locations and sizes of frames, boxes, sleeves and 
openings needed for the work, routes for conduit and cable tray raceway, and also furnish 
information and shop drawings necessary to permit trades affected to install their work properly 
and without delay. 


H. Where there is evidence that work of one trade will interfere with the work of other trades, all trades 
shall assist in working out space allocations to make satisfactory adjustments and shall be prepared 
to submit and revise coordinated shop drawings. 


I. With the approval of the Architect/Consultant and without additional cost to the Owner, make minor 
modifications in the work as required by structural interferences, by interferences with work of other 
trades or for proper execution of the work. 


J. Work installed before coordinating with other trades so as to cause interference with the work of 
such other trades shall be changed to correct such condition without additional cost to the Owner 
and as directed by the Architect. 


K. Minor changes in the locations of outlets, fixtures and equipment shall be made prior to rough in at 
the direction of the Architect/Consultant and at no additional cost to the Owner. 
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L. Contractor shall cooperate with other trades and coordinate work so that conflicts with other work 
are eliminated. 


M. Equipment shall be installed with adequate space allowed for removal, repair or changes to 
equipment. Ready accessibility to removable parts of equipment and to wiring shall be provided 
without moving other equipment which is to be installed or which is in place. Contractor shall verify 
measurements. Discrepancies shall be brought to the Architect/Telecom Design Engineer's 
attention for interpretation. 


N. Determine temporary openings in the buildings that will be required for the admission of apparatus 
furnished under this Division, and notify the Architect/Consultant accordingly. In the event of failure 
to give sufficient notice in time to arrange for these openings during construction, assume all costs 
of providing such openings thereafter. 


O. Location of telecommunication outlets and raceway pathways are approximate and exact locations 
shall be determined on site. 


P. Contractor shall refer to contract documents for details, reflected ceiling plans, and large scale 
drawings. 


3.4. COORDINATION 


A. The Contractor shall be responsible for the coordination of telecommunications work with the work 
of all other trades and shall, in preparing the drawings, check the work of other trades in order to 
avoid possible installation conflicts arising therefrom. It shall be understood that the work shown 
on the shop drawings has been so coordinated. In the event of conflicts or interference that cannot 
be resolved in the field, the Contractor shall request a written clarification from the 
Architect/Consultant. 


B. Coordinate service entrance arrangement with local exchange carrier(s). 


1. Meet jointly with local exchange carrier representatives and Owner to exchange 
information and agree on details of equipment arrangements and installation interfaces. 


2. Record agreements reached in meetings and distribute to other participants. 
3. Adjust arrangements and locations of distribution frames and cross-connect and patch 


panels in equipment rooms and wiring closets to accommodate and optimize arrangement 
and space requirements of telephone switch and LAN equipment. 


C. Where work covered by this Section connects to equipment furnished under other Sections, verify 
telecommunications work involved in the field and make proper connection to such equipment.  


END OF SECTION 
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end structured cabling system. This includes 
grounding and bonding of all passive and active equipment supplied by contractor and owner. 


B. This Section includes grounding of communications systems and equipment. Grounding 
requirements specified in this Section may be supplemented by special requirements of systems 
described in other Sections. 


1.2. QUALITY ASSURANCE 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NEC, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 


1. Comply with UL 467. 


1.3. RELATED DOCUMENTS 


A. General and Supplementary Conditions 


1.4. RELATED SECTIONS 


A. Division 26 - Grounding and Bonding 


B. Division 26 - Raceway and Boxes 


C. Division 26 - Wiring Devices 


D. Division 27 - Communications 


PRODUCTS 


2.1. MANUFACTURERS 


A. Manufacturers: Subject to compliance with requirements, provide products by approved 
manufacturers listed in Division 26 section, “Grounding and Bonding for Electrical Systems.” 


2.2. GROUNDING CONDUCTORS 


A. For insulated conductors, comply with Division 26 Section “Conductors and Cables.” 


B. Communications Copper Bonding Conductors: As follows: 


1. Telecommunications Bonding Conductor (TBC) and Telecommunications Bonding 
Backbones (TBB): No. 3/0, stranded copper conductor, insulated. 


2. Telecommunications Equipment Bonding Conductor (TEBC): No. 6 AWG, stranded 
copper conductor, insulated. 


2.3. CONNECTOR PRODUCTS 


A. Comply with IEEE 837 and UL 467; listed for use for specific types, sizes, and combinations of 
conductors and connected items. 


B. Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire terminals, and 
long-barrel, two-bolt connection to ground bus bar. 


2.4. TELECOMMUNICATIONS GROUNDING BUSBAR 


A. Comply with ANSI/TIA-607-B. 
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B. Telecommunications Main Grounding Busbar (TMGB): Electro-tin plated copper, minimum 1/4 inch 
thick by 4 inches wide by minimum 20” long, with holes sized, spaced and in minimum quantities 
as follows: 


1. 5/16” holes at 5/8” spacing, minimum quantity of 27 
2. 7/16” holes at 1” spacing, minimum quantity of 3 
3. Provide longer TMGB as necessary to accommodate quantity of actual bonding 


connections required in field. 


C. Telecom Grounding Busbar (TGB): Electro-tin plated copper, minimum 1/4 inch thick by 2 inches 
wide by minimum 12” long, with holes sized, spaced and in minimum quantities as follows: 


1. 5/16” holes at 5/8” spacing, minimum quantity of 6 
2. 7/16” holes at 1” spacing, minimum quantity of 3 
3. Provide longer TGB as necessary to accommodate quantity of actual bonding connections 


required in field, per communications room. 


EXECUTION 


3.1. INSTALLATION 


A. Grounding Conductors: Route along shortest and straightest paths possible, unless otherwise 
indicated. Avoid obstructing access or placing conductors where they may be subjected to strain, 
impact, or damage. 


B. Bond metallic raceways used for routing of communications bonding conductors, to the 
communications bonding conductor at each end. 


3.2. CONNECTIONS 


A. General: Make connections so galvanic action or electrolysis possibility is minimized. Select 
connectors, connection hardware, conductors, and connection methods so metals in direct contact 
will be galvanically compatible. 


1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 
contact points closer to order of galvanic series. 


2. Make connections with clean, bare metal at points of contact. 
3. Make aluminum-to-steel connections with stainless-steel separators and mechanical 


clamps. 
4. Make aluminum-to-galvanized steel connections with tin-plated copper jumpers and 


mechanical clamps. 
5. Coat and seal connections having dissimilar metals with inert material to prevent future 


penetration of moisture to contact surfaces. 


B. Equipment Grounding Conductor Terminations: Use pressure-type grounding lugs.  


C. Tighten screws and bolts for grounding and bonding connectors and terminals according to 
manufacturer's published torque-tightening values. If manufacturer's torque values are not 
indicated, use those specified in UL 486A. 


D. Compression-Type Connections: Use hydraulic compression tools to provide correct 
circumferential pressure for compression connectors. Use tools and dies recommended by 
connector manufacturer. Provide embossing die code or other standard method to make a visible 
indication that a connector has been adequately compressed on grounding conductor. 


3.3. TELECOMMUNICATIONS GROUNDING AND BONDING 


A. Comply with NEC, ANSI/TIA-607-B and UL 467. 


B. Comply with telecommunications ground details and riser diagrams in Contract Drawings. 


C. Telecommunications Grounding Busbars: TMGB and TMB within facility to provide for 
telecommunications grounding system. 


1. Locate grounding terminals in each telecommunications room. 
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2. Mount on wall of telecommunications entrance facility, equipment room, and closet, with 
standoff insulators. 


D. Bonding Conductors: 


1. Extend a TBC from TMGB to electrical entrance facility and connect to grounding 
electrode system. 


2. Extend a TBB from TMGB to each TGB. 
3. Extend a TEBC from TGB to ground terminals at communication relay racks, wall-mount 


communication racks and cabinets, primary protection blocks, overhead ladder rack 
runway systems and cable basket tray systems. 


E. Special Requirements: 


1. Bonding conductors shall be insulated copper, sized as noted in Contract Drawings. 
2. Bonding conductors shall be installed without splices unless as noted in 


telecommunications grounding riser diagram, or as approved by Architect because of 
special circumstances. Where splices are necessary, they shall be accessible. Splices 
shall be by irreversible compression connectors or by exothermic welding. 


F. Primary Protectors 


1. Primary protectors shall be installed on each cable end, in the appropriate building 
entrance protector. 


2. Primary protector enclosure shall be bonded to the building grounding system utilizing a 
minimum #6 AWG ground wire. 


G. Compression-Type Connections: Use hydraulic compression tools to provide correct 
circumferential pressure for compression connectors. Use tools and dies recommended by 
connector manufacturer. Provide embossing die code or other standard method to make a visible 
indication that a connector has been adequately compressed on grounding conductor. 


END OF SECTION
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a design, furnishing of all material, labor, and 
installation for completion of an operable end to end structured cabling system. This includes 
pathways for distribution and protection of cabling and components. 


1.2. QUALITY ASSURANCE 


A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in CEC, by a 
testing agency acceptable to authorities having jurisdiction, and marked for intended use. 


B. Comply with UL 467. 


C. General Requirements: Comply with ANSI/TIA-569-B. 


D. Cable Support: NRTL labeled for support of Category 6A cabling, designed to prevent degradation 
of cable performance and pinch points that could damage cable. 


1. Support brackets with cable tie slots for fastening cable ties to brackets. 
2. Lacing bars, spools, J-hooks, and D-rings. 
3. Straps and other devices. 
4. Bridle rings not permissible unless furnished with cable saddles. 


1.3. RELATED DOCUMENTS 


A. General and Supplementary Conditions 


1.4. RELATED SECTIONS 


A. Division 26 - Grounding and Bonding 


B. Division 26 - Raceway and Boxes 


C. Division 26 - Wiring Devices 


D. Division 27 – Communications 


PRODUCTS 


2.1. MANUFACTURERS 


A. Manufacturers: Subject to compliance with requirements, provide products by approved 
manufacturers listed in Division 26 section, “Grounding and Bonding for Electrical Systems.” 


2.2. CONDUIT AND ELECTRICAL BOXES 


A. Comply with requirements in Division 16 Section “Raceways and Boxes.” Flexible metal conduit 
shall not be used, except as indicated in Contract Drawings. Coordinate with layout and sizing 
details and requirements as indicated in Contract Drawings. 


1. Outlet boxes shall be no smaller than 5 inches wide, 5 inches high and 2-7/8 inches deep. 
2. Minimum conduit to telecom outlet locations: Trade Size 1-1/4”, unless otherwise noted in 


Contract Drawings 
3. Provide 5 Square box by Siemon, Randl, or equal subject to review.  


2.3. CABLE TRAY  


A. Wire cable tray shall have the following characteristics: 


1. Solid bottom type.  
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2. Interior loading capacity of minimum 12” wide and 4” depth. 
3. Steel. 
4. Standard galvanized finish with ability to be painted and re-finished. 
5. If tray is to be painted to match neighboring infrastructure it must be painted prior to 


installation. Cable within the tray cannot have paint.   


2.4. LADDER RACK 


A. Cable runway shall be ladder type and designed for use in telecommunications rooms. 


B. Cable runway shall be aluminum construction, minimum 12” wide and 1.5” side rails. 


C. Provide all parts and pieces to create a continuous pathway for cables within telecommunication 
rooms. Provide parts to support cable continuously from the sleeves entering the TR to the 
equipment racks and backboards. 


D. Finish should be powder coated, black. 


2.5. FLEXIBLE NON-METALLIC INNERDUCT 


A. Innerduct shall be corrugated plastic. 


B. Nominal duct size shall be minimum 1-1/4 inch. 


C. Innerduct shall be riser, plenum, or OSP rated as required by the installation environment. 


2.6. CABLE TIES 


A. Bundle and support all cables and to provide a neat and orderly cabling installation. 


B. Velcro tie wraps shall be used in the telecom room. Zip ties and wraps that cannot be adjusted 
once installed are not acceptable. 


C. Velcro tie wraps shall be used for bundling all horizontal cabling which shall be supported by J-
hooks. 


D. Velcro tie wraps shall be provided at 3 ft. intervals minimum. On completion of installation, all cable 
bundles shall be neatly run and re-tied. 


E. Provide a minimum of 30% overlap of wrap for each tie. 


F. Wraps shall be Black in color. 


G. Velcro wraps shall be plenum rated in all areas outside the telecom rooms. 


2.7. DISTRIBUTION RINGS (D-RINGS). 


A. Must be used to support and dress out cables on plywood backboards vertically and horizontally. 
Cables shall not be supported by cable ties alone on backboard.  


B. Individual D-rings shall be sized to allow a minimum of 50% spare capacity for future cable 
installation. 


EXECUTION 


3.1. GENERAL 


A. Cable shall be neatly dressed out in telecom rooms. 


B. Secure cabling with Velcro type cable wraps only. 


C. Install distribution rings on plywood backboards to support cables. 


3.2. CABLE TRAY 


A. Install cable trays level, straight, and parallel to walls. 
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B. Support cable trays minimum every 5 feet. 


C. Install cable tray system with 12 inches clearance measured from top most surface of tray. Access 
from both sides shall be 12 inches minimum. Install with 12 inches clearance measured from bottom 
of tray. 


D. Remove burrs and sharp edges from cable trays. 


E. Cut cable tray wires in accordance with manufacturer’s instructions. 


F. Cable tray wires must be cut with side-action bolt cutters with offset head to ensure integrity of 
protective galvanic layer. 


G. Provide conduit to tray fitting at each conduit entrance to tray.  


H. Ground cable trays according to manufacturer’s written instructions. 


I. Cable trays shall not pass through any firewall or fire-rated soffits without appropriate firestop 
pillows per applicable codes.  


J. Provide necessary supports and accessories for cable trays as required to make a complete job. 


3.3. LADDER RACK 


A. Provide dropouts at all equipment rack and backboard locations. 


B. Install straight, level and perpendicular to walls and ceiling. 


C. Install 3” to 6” above racks. 


D. Cables shall be secured to the runway using reusable cable ties to arrange cable in logical bundles. 


E. Ground cable runway according to manufacturer’s written instructions. 


3.4. J-HOOKS 


A. Provide J-hooks to support communications cables at locations where cable tray and/or conduit is 
not provided. 


B. Provide J-hooks assemblies on 4-foot intervals to support all outlet cables. Install J-hooks 
approximately 12 inches above lay-in ceiling. Use J-hooks to support not more than 50 cables per 
hook. Provide additional hooks in rows as required to support more than 50 cables. 


C. Individual J-hooks shall be a minimum of 1” in width and sized and arranged to allow a minimum of 
50% spare capacity for future cable installation. 


D. Secure J-hooks to concrete slab using threaded expansion anchor bolts. Drill slab and install 
expansion bolt. 


E. Coordinate location with HVAC duct and lights. Do not install above fluorescent lighting fixtures. 


3.5. FLEXIBLE NON-METALLIC INNERDUCT 


A. Innerduct segments shall be spliced using couplings designed for that purpose. 


B. All vacant innerduct shall be equipped with a pull cord and capped at both ends. 


C. Innerduct shall extend to the ladder rack above the termination enclosure. 


D. All exposed innerduct shall be labeled at 50-foot intervals with tags indicating the cable type it 
contains. 


 


END OF SECTION 
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GENERAL 


1.1. SUMMARY 


A. The work covered under this Section shall consist of a testing, documenting, and commissioning 
of an operable end to end structured cabling system.  


B. Complete installation shall comply with the campus or owner’s latest telecommunication and IT 
standards documents. 


1.2. RELATED SECTIONS  


A. Division 27 


1.3. PROJECT AS-BUILT AND CLOSEOUT DOCUMENTS 


A. Accurately record exact sizes, locations, heights and quantities of cables and Information Outlets. 


B. As-built drawings shall indicate all final cable routes and final outlet locations. Outlet locations shall 
be identified by their sequential number as defined elsewhere in this document. Numbering, icons 
and drawing conventions used shall be consistent throughout all documentation provided.  


C. Drawings shall indicate final TR & ER locations along with their final build out conditions at end of 
the project. 


D. Submit bound folders of product used in the project for record.  


E. Submit cable tester calibration reports.  


F. Submit all copper and fiber optic test results as indicated in Part 3 of this specification. This should 
include every cable channel installed in the project.  


G. Plans shall be provided in full size PDF, AutoCAD or REVIT format within a CD or DVD along with 
hard copies.  


PRODUCTS 


2.1. NOT USED 


EXECUTION 


3.1. GENERAL 


A. Contractor shall follow standard industry installation practices as described in the latest release of 
the BICSI TDMM. 


3.2. IDENTIFICATION AND LABELING 


A. All backbone and station cables, faceplates and termination components shall be clearly labeled in 
accordance with EIA/TIA 606-B. 


B. The Contractor shall obtain the labeling scheme from the Owner. 


C. Labels strips shall be covered with a protective plastic coating. Labels shall be machine printed. 
No handwritten label shall be accepted. Stick-on labels are not acceptable. 


D. Components 


1. The labeling made for each component should be: 


a. Unique, to prevent confusion with similar components. 
b. Legible and permanent enough to last the lifecycle of the component. 
c. The following infrastructure components should be labeled: 







SAN DIEGO STATE UNIVERSITY SECTION 270800 
EIS COMPLEX COMMISSIONING OF COMMUNICATIONS SYSTEMS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016  
 


 270800 - 2 WCI 


 


1) Telecommunications spaces 
2) Telecommunications pathways 
3) Telecommunications cables 
4) Zone boxes 
5) Connecting hardware 
6) Grounding (earthing) system 


 


E. Telecommunications Spaces 


1. Telecommunications spaces include: 


a. Equipment rooms (ERs) 
b. Telecommunication rooms (TRs) 
c. Telecommunication enclosures (TEs) 
d. Work areas 


2. Spaces should be labeled at their entrances, as follows: 


a. In small, single-story buildings, a simple sign on the door is sufficient. 
b. In larger buildings, the labeling should provide a unique identifier, since there may 


be a number of telecommunications spaces. 


F. Telecommunications pathways 


1. Labeling of pathways helps prevent inadvertent installation of cables from systems that 
may interfere with each other. 


2. When labeling pathways, the following guidelines should be met: 


a. Labeling should be affixed at the ends of each pathway. 
b. Pathways should be labeled at regular intervals and wherever they are accessible. 
c. In a basic system, the conduits should be marked from the main ER by painting or 


using a permanent-colored tape-wrap made for this purpose. 
d. In systems utilizing zone boxes for consolidation or distribution of low-voltage 


systems, each box label should include the information about the room of origin and 
system usage. 


e. In complex systems or large buildings: 


1) A striped tape should wrap pathways with the base color identifying them as 
telecommunications pathways and tracer color identifying the individual uses. 


2) Each pathway should be assigned a unique alphanumeric identifier. 
3) All wall or floor penetrations should be labeled. 


3. Telecommunications cables 


a. When labeling telecommunications cables: 


1) Cables should be identified at each end with a permanent label or 
physical/electronic tag. The same alphanumeric identifiers should be used at 
both ends of the cable. 


2) Cable should be identified at regular intervals throughout its length with its 
alphanumeric identifier when cables are rearranged, rerouted, or removed in 
spite of the added cost. 


b. In systems that are: 


1) Basic, the labeling scheme can be a simple number sequence. 
2) Complex, the labeling may indicate the type, function, and terminating 


position. 


G. Connecting hardware 


1. Connecting hardware items (e.g., cross-connect fields and telecommunications 
outlet/connectors) require a unique, alphanumeric identification such as the following 
three-level scheme: 
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a. First level – Termination field or patch panel. Color-coding or other labeling should 
be used to uniquely identify each termination field on a common mechanical 
assembly. 


b. Second level – Terminal block within a given field or patch panel, which could be a 
row of insulation displacement connectors (IDCs), optical fiber connectors, or 
modular jacks. 


c. Third level – Defines the individual position within a given terminal block or patch 
panel. 


H. Grounding (Earthing) 


1. Grounding system components (e.g., ground bars and grounding conductors) require 
special labeling for safety and noise control purposes and for simplifying and expediting 
ground system audits. 


2. All equipment grounding conductors should be labeled to indicate the: 


a. Grounded rack, cabinet, or shelf. 
b. Ground bar to which the grounding conductors are connected. 


3. Each grounding conductor in a building should be labeled, including those connecting 
building steel, grounding electrodes, water pipes, radio towers, and telecommunications 
structural components. 


3.3. TESTING AND COMPLIANCE 


A. The Contractor is responsible for supplying all equipment and personnel necessary to conduct the 
acceptance tests. Testing shall be executed by technicians holding proof of successful installation 
certification from the system manufacturer. 


B. Cable testers are to be calibrated within four (4) months of use. 


C. Prior to testing, the Contractor shall provide a summary of the proposed test plan for each cable 
type including equipment to use, set-up, test frequencies or wavelengths, results format, etc.  


D. 100% of the installed cabling links must be tested in accordance with ANSI/TIA/EIA-568-B standard 
and must pass the requirements described under the heading for each cable type. Any failing link 
must be diagnosed and corrected. The corrective action shall be followed with a new test to prove 
that the corrected link meets the performance requirements. The final and passing result of the 
tests for all links shall be provided in the test results documentation.  


E. A Pass or Fail result for each parameter is determined by comparing the measured values with the 
specified test limits for that parameter. The test result of a parameter shall be marked with an 
asterisk (*) when the result is closer to the test limit than the accuracy of the field tester. The Pass 
or Fail condition for the link-under-test is determined by the results of the required individual tests. 
Any Fail or Fail* result yields a Fail for the link-under-test. In order to achieve an overall Pass 
condition, the results for each individual test parameter must Pass or Pass*. 


F. The Contractor shall conduct acceptance testing according to a schedule coordinated with the 
Owner. Representatives of the Owner shall be invited to be in attendance to witness the test 
procedures. The contractor shall provide a minimum of one (1) week advance notice to the 
Engineer as to allow for such participation. The notification shall include a written description of the 
proposed conduct of the tests including copies of blank test result sheets to be used. 


G. A representative of the end-user shall be invited to witness field testing. The representative shall 
be notified of the start date of the testing phase 5 business days before testing commences. A 
representative of the Owner reserves the right to select a random sample of up to 5% of the installed 
links for retesting. The Contractor shall re-test these randomly selected links and the results are to 
be stored in the tester. The results obtained shall be compared to the original test data provided by 
the Contractor. If more than 2% of the sample pass/fail results differ from the original test data, the 
installation contractor under supervision of the Owner’s representative shall repeat 100% testing 
and the cost shall be borne by the Contractor. 
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3.4. CABLING ADMINISTRATION DRAWINGS 


A. Prepare Cabling Administration Drawings showing building floor plans with cable administration-
point identification labeling. Depict all telecommunications outlets and their associated label, 
provide callouts indicating locations of telecom rooms and spaces and, where applicable, indicate 
zone line demarcations denoting areas served by each respective telecom room. Coordinate 
drawing features with shop drawing requirements outlined in Section 270000. 


B. Prepare Drawings for use as part of cabling installation work. Periodically update Drawings to 
reflect constructed conditions, including any moves, changes or additions to the communications 
infrastructure. At completion, Cabling Administration Drawings shall reflect as-built conditions. 


C. Interim Submission: Issue two (2) half-size printed copies of in-progress draft Cabling 
Administration Drawings to Owner no later than five (5) weeks prior to Substantial Completion, for 
Owner’s use in preparation of patch schedules and to support other internal move-in planning 
processes. Coordinate exact timing with Owner’s IT personnel.  


3.5. TEST RESULTS DOCUMENTATION 


A. The test results information for each link shall be recorded in the memory of the field tester upon 
completion of the test. The test result records saved by the tester shall be transferred into a 
spreadsheet or database that allows for the maintenance, inspection and archiving of these test 
records. Provide the database for the completed job on CD-ROM. If the results cannot be viewed 
by Microsoft Excel or Microsoft Access, the Contractor shall provide one licensed copy of a software 
package suitable to view and print reports of the test results. 


B. Upon completion of the installation, the contractor shall provide three (3) full electronic 
documentation sets to the Consultant for approval.  


C. Documentation shall be submitted within ten (10) working days of the completion of the testing 
phase. This includes draft as-built drawings. Draft drawings may include annotations done by hand.  


D. Machine generated final copies of all drawings shall be submitted within 30 working days of the 
completion of the testing phase. Final copies shall have all annotations in CAD format. 


E. All documentation, including hard copy and electronic forms shall become the property of the 
Owner. 


F. A paper copy of the test results shall be provided that lists all the links that have been tested along 
with the following summary information: 


1. The identification of the customer site as specified by the end-user. 
2. The identification of the link in accordance with the naming convention defined in the 


overall system documentation. 
3. The overall Pass/Fail evaluation of the link-under-test. 
4. The date and time the test results were saved in the memory of the tester. 


G. The following information shall be provided in the electronic database of the test results information 
for each link: 


1. The identification of the customer site as specified by the end-user. 
2. The identification of the link and/or fiber in accordance with the naming convention defined 


in the overall system documentation. 
3. The overall Pass/Fail evaluation of the link-under-test. 
4. The date and time the test results were saved in the memory of the tester. 
5. The name of the standard selected to execute the stored test results. 
6. The cable type and the value of NVP or index of refraction used for length calculations. 
7. The brand name, model and serial number of the tester. 
8. The identification of the tester interface. 
9. For fiber tests, the identification of each link/fiber in accordance with the naming 


convention defined in the overall system documentation  
10. For fiber tests, the insertion loss (attenuation) measured at each wavelength, and the test 


limit calculated for the corresponding wavelength. 
11. For fiber tests, the link length shall be reported for each optical fiber for which the test limit 


was calculated based on the formulas above.  
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12. The revision of the tester software and the revision of the test standards database in the 
tester. 


H. The test results information must contain information on each of the required test parameters in 
accordance with the descriptions above. For each of the frequency-dependent test parameters, the 
value measured at every frequency during the test shall be reported.  


3.6. CATEGORY 6A CABLING 


A. Each category 6A cabling link in the installation shall be tested in accordance with the field test 
specifications defined in ANSI/TIA-568-C.2 “Commercial Balanced Twisted-Pair 
Telecommunications Cabling and Components Standard”   


B. In order to pass the test all measurements (at each frequency in the range from 1 MHz through 
500 MHz) must meet or exceed the limit value determined in the above-mentioned standard. 


C. The test equipment (tester) shall comply with the accuracy requirements for level IIIe field testers 
as defined in ANSI/TIA-1152. The tester including the appropriate interface adapter must meet the 
specified accuracy requirements. The accuracy requirements for the permanent link test 
configuration (baseline accuracy plus adapter contribution) are specified in Table 4 of ANSI/TIA-
1152. 


D. The following parameters shall be tested for each cable: 


1. Wire Map – Shall report Pass if the wiring of each wire-pair from end to end is determined 
to be correct. The Wire Map results shall include the continuity of the shield connection if 
present. 


2. Length – The field tester shall be capable of measuring length of all pairs of a basic link or 
channel based on the propagation delay measurement and the average value for NVP (1). 
The physical length of the link shall be calculated using the pair with the shortest electrical 
delay. This length figure shall be reported and shall be used for making the Pass/Fail 
decision. The Pass/Fail criteria are based on the maximum length allowed for the 
Permanent Link configuration (90 meters – 295 feet) plus 10% to allow for the variation 
and uncertainty of NVP. 


3. Insertion Loss (Attenuation) – Insertion Loss is a measure of signal loss in the permanent 
link or channel. The term “Attenuation” has been used to designate “Insertion Loss.” 
Insertion Loss shall be tested from 1 MHz through 500 MHz in maximum step size of 1 
MHz. It is preferred to measure insertion loss at the same frequency intervals as NEXT 
Loss in order to provide a more accurate calculation of the Attenuation-to-Crosstalk ratio 
(ACR) parameter. Minimum test results documentation (summary results): Identify the 
worst wire pair (1 of 4 possible). The test results for the worst wire pair must show the 
highest attenuation value measured (worst case), the frequency at which this worst case 
value occurs, and the test limit value at this frequency. 


4. NEXT Loss – Pair-to-pair near-end crosstalk loss (abbreviated as NEXT Loss) shall be 
tested for each wire pair combination from each end of the link (a total of 12 pair 
combinations). This parameter is to be measured from 1 through 500 MHz. NEXT Loss 
measures the crosstalk disturbance on a wire pair at the end from which the disturbance 
signal is transmitted (near-end) on the disturbing pair. The maximum step size for NEXT 
Loss measurements shall not exceed the maximum step size defined in the standard. 
Minimum test results documentation (summary results): Identify the wire pair combination 
that exhibits the worst case NEXT margin (2) and the wire pair combination that exhibits 
the worst value of NEXT (worst case). NEXT is to be measured from each end of the link-
under-test. These wire pair combinations must be identified for the tests performed from 
each end. Each reported case should include the frequency at which it occurs as well as 
the test limit value at this frequency. 


5. PS NEXT Loss – Power Sum NEXT Loss shall be evaluated and reported for each wire 
pair from both ends of the link under-test (a total of eight results). PS NEXT Loss captures 
the combined near-end crosstalk effect (statistical) on a wire pair when all other pairs 
actively transmit signals. Like NEXT this test parameter must be evaluated from 1 through 
500 MHz and the step size may not exceed the maximum step size defined in the 
standard. Minimum test results documentation (summary results): Identify the wire pair 
that exhibits the worst-case margin and the wire pair that exhibits the worst value for PS 
NEXT. These wire pairs must be identified for the tests performed from each end. Each 
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reported case should include the frequency at which it occurs as well as the test limit 
value at this frequency. 


6. ACR-F, pair-to-pair – Attenuation Crosstalk Ratio Far-end is calculated from the pair-to-
pair FEXT Loss. It shall be measured for each wire-pair combination from both ends of the 
link under-test. FEXT Loss measures the crosstalk disturbance on a wire pair at the 
opposite end (far-end) from which the transmitter emits the disturbing signal on the 
disturbing pair. FEXT is measured to compute ACR-F Loss that must be evaluated and 
reported in the test results. ACR-F measures the relative strength of the far-end crosstalk 
disturbance relative to the attenuated signal that arrives at the end of the link. This test 
yields 24 wire pair combinations. ACR-F is to be measured from 1 through 500 MHz and 
the maximum step size for FEXT Loss measurements shall not exceed the maximum step 
size defined in the standard. Minimum test results documentation (summary results): 
Identify the wire pair combination that exhibits the worst-case margin and the wire pair 
combination that exhibits the worst value for ACR-F. These wire pairs must be identified 
for the tests performed from each end. Each reported case should include the frequency 
at which it occurs as well as the test limit value at this frequency. 


7. PS ACR-F Loss – Power Sum Attenuation Crosstalk Ratio Far-end is a calculated 
parameter that combines the effect of the FEXT disturbance from three wire pairs on the 
fourth one. This test yields eight wire-pair combinations. Each wire-pair is evaluated from 
1 through 500 MHz in frequency increments that do not exceed the maximum step size 
defined in the standard. Minimum test results documentation (summary results): Identify 
the wire pair that exhibits the worst pair combinations must be identified for the tests 
performed from each end. Each reported case should include the frequency at which it 
occurs as well as the test limit value at this frequency. 


8. Return Loss – Return Loss (RL) measures the total energy reflected on each wire pair. 
Return Loss is to be measured from both ends of the link-under-test for each wire pair. 
This parameter is also to be measured form 1 through 500 MHz in frequency increments 
that do not exceed the maximum step size defined in the standard. Minimum test results 
documentation (summary results): Identify the wire pair that exhibits the worst-case 
margin and the wire pair that exhibits the worst value for Return Loss. These wire pairs 
must be identified for the tests performed from each end. Each reported case should 
include the frequency at which it occurs as well as the test limit value at this frequency. 


9. Propagation Delay – Propagation delay is the time required for the signal to travel from 
one of the link to the other. This measurement is to be performed for each of the four wire 
pairs. Minimum test results documentation (summary results): Identify the wire pair with 
the worst-case propagation delay. The report shall include the propagation delay value 
measured as well as the test limit value. 


10. Delay Skew – This parameter shows the difference in propagation delay between the four 
wire pairs. The pair with the shortest propagation delay is the reference pair with a delay 
skew value of zero. Minimum test results documentation (summary results): Identify the 
wire pair with the worst-case propagation delay (the longest propagation delay). The 
report shall include the delay skew value measured as well as the test limit value. 


11. PS ANEXT – Pair-to-pair Alien NEXT (ANEXT) contributions is measured by applying the 
stimulus signal at the near end to one wire pair of a disturbing link and measuring the 
coupled signal at the near end of a wire pair in a disturbed link. This process is repeated 
for every wire pair in a disturbing link. The PS ANEXT for each wire pair in a disturbed link 
is obtained by the power sum addition of all the pair-to-pair ANEXT results to that wire pair 
from all wire pairs in disturbing links. All the links that are bundles with the disturbed link 
need to be included as disturbing links. In addition, links that are terminated in adjacent 
positions in a patch panel or interconnect panel should also be included as disturbing links 
in this test. Minimum test results documentation (summary results): Identify the wire pair 
that exhibits the worst-case margin and the wire pair that exhibits the worst value for PS 
ANEXT. These wire pairs must be identified for the tests performed from each end. Each 
reported case should include the frequency at which it occurs as well as the test limit 
value at this frequency. 


12. PS AACR-F – The pair-to-pair Alien Far End crosstalk (AFEXT) contributions is measured 
by applying the signal at the near end to one wire pair of a disturbing channel or 
permanent link and measuring the coupled signal at the far end of a wire pair in a 
disturbed channel or permanent link. This process is repeated for every wire pair in a 
disturbing link and for all links in close proximity. A normalization, which is dependent on 
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the relative length of disturbing and disturbed link, is applied to each pair-to-pair alien 
FEXT measurement. Then the PS Alien Attenuation-to-Crosstalk Ratio from the Far end 
(PS AACR-F) for each wire pair in a disturbed channel or permanent link is obtained by 
the power sum addition of all the normalized pair-to-pair far end alien crosstalk results to 
that wire pair from all wire pairs in disturbing links in close proximity. Minimum test results 
documentation (summary results): Identify the wire pair that exhibits the worst-case 
margin and the wire pair that exhibits the worst value for PS AACR-F. if the link or channel 
connects two patch panels (data center), these wire pairs must be identified for the tests 
performed from both ends. Each reported case should include the frequency at which it 
occurs as well as the test limit value at this frequency. 


 


Frequency Range (MHz) Maximum Step size (MHz) 


1 – 31.25 0.15 


31.26 – 100 0.25 


100 – 250 0.50 


250 – 500 1.00 


E. In addition to testing the “In-link” performance parameters detailed in D above, Alien Crosstalk 
testing or “Between-link’ testing shall be carried out in accordance with Section 4.7 of ANSI/TIA-
1152. Alien crosstalk testing includes the PS ANEXT and PS AACR-F (Power sum alien 
attenuation-to-crosstalk ratio from the far end) performance parameters. The standards refer to the 
link-under-test for Alien Crosstalk as the disturbed link. 


F. PS ANEXT and PS AACR-F shall meet or exceed the limits defined in Section 6 of the TIA Cat 6A 
Standard.  


G. Selection of disturbed links: 1 % of the links in the cabling installation or 5 links, whichever is more. 
Chose short, medium and long links equally. 


H. Selection of disturber links. Select all of the links that are in the same cable bundle and the most 
consistently positioned relative to the disturbed link as disturbing links.  


I. If the margin of PS ANEXT and PS AACR-F exceeds 5 db for the first three short, medium and 
long links (nine in total), further alien crosstalk testing can be discontinued. 


3.7. BACKBONE COPPER CABLE TESTING 


A. Backbone Voice cables shall be free of shorts within the pairs, and be verified for continuity, pair 
validity and polarity and conductor position on the termination blocks. Any incorrectly positioned 
pairs must be identified and corrected. The percentage of “bad” pairs shall not exceed 3% in any 
backbone cable based on total pair count. All bad pairs must be identified and documented. 


B. The Contractor shall be responsible to test the entire system from each voice outlet to the building 
Main Crossconnect (MC). If more than a 1% failure on the cross-connects occur the contractor will 
be required to provide mapping of the system. 


3.8. FIBER OPTIC CABLE TESTING 


A. Every fiber optic cabling link in the installation shall be tested in accordance with the field test 
specifications defined by the Telecommunications Industry Association (TIA) standard 
ANSI/TIA/EIA-568-B. 


B. ANSI/TIA/EIA-568-B, defines the passive cabling network, to include cable, connectors, and 
splices, between two optical fiber patch panels. A typical horizontal link segment is from the 
telecommunications outlet/connector to the horizontal cross-connect. The test shall include the 
representative connector performance at the connecting hardware associated with the mating of 
patch cords. The test does not, however, include the performance of the connector at the interface 
with the test equipment. 


C. 100% of the installed cabling links shall be tested. Any failing link must be diagnosed and corrected. 
The corrective action shall be followed with a new test to prove that the corrected link meets the 
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performance requirements. The final and passing result of the tests for all links shall be provided 
in the test results documentation. 


D. Trained technicians who have successfully attended an appropriate training program and have 
obtained a certificate as proof thereof shall execute the tests. These certificates may have been 
issued by the manufacturer of the fiber optic cable and/or the fiber optic connectors or the 
manufacturer of the test equipment used for the field certification. 


E. Field test instruments for multimode fiber cabling shall meet the requirements of ANSI/TIA/EIA-
526-14A. The light source shall meet the launch requirements of ANSI/EIA/TIA-455-50B, Method 
A. This launch condition can be achieved either within the field test equipment or by use of an 
external mandrel wrap with a Category 1 light source. 


F. Field test instruments for single mode fiber cabling shall meet the requirements of ANSI/EIA/TIA-
526-7. 


G. The tester shall be within the calibration period recommended by the vendor in order to achieve 
the vendor-specified measurement accuracy. 


H. The fiber optic launch cables and adapters must be of high quality and the cables shall not show 
excessive wear resulting from repetitive coiling and storing of the tester interface adapters. 


I. A Pass or Fail result for each parameter is determined by comparing the measured values with the 
specified test limits for that parameter. The Pass or Fail condition for the link-under-test is 
determined by the results of the required individual tests. 


J. ANSI/TIA/EIA standard 568-B prescribes that the single performance parameter for field testing of 
fiber optic links is insertion loss. The insertion loss shall be calculated by the following formulas 
specified in ANSI/TIA/EIA standard 568-B:  


1. Link Attenuation = Cable_Attn + Connector_Attn + Splice_Attn 
2. Cable_Attn (dB) = Attenuation_Coefficient (dB/km) * Length (Km) 
3. The values for the Attenuation_Coefficient are listed in the table below: 
 


Type of Optical Fiber  Wavelength (nm) Attenuation Coefficient 
(dB/km) 


Multimode 50/125 μm 850 3.0 


 1300 1.0 


Single-mode (Inside plant) 1310 0.5 


 1383 0.5 


 1550 0.5 


Single-mode (Outside plant) 1310 0.5 


 1383 0.5 


 1550 0.5 


4. Connector_Attn (dB) = number_of_connector_pairs * connector_loss (dB) 
5. Maximum allowable individual connector_loss = 0.75 dB 
6. Splice_Attn (dB) = number of splices (S) * splice_loss (dB) 
7. Maximum allowable splice_loss = 0.3 dB 


K. Additional 40GB/100GB requirements for multimode fiber: 


1. Maximum MPO and individual connector loss = .35 dB 
2. Maximum total connector loss per 150 meters = 1 dB 
3. Maximum total channel insertion loss per 150 meters = 1.5 dB 


L. Link attenuation does not include any active devices or passive devices other than cable, 
connectors, and splices, i.e., link attenuation does not include such devices as optical bypass 
switches, couplers, repeaters, or optical amplifiers. 


M. Link test limits attenuation are based on the use of the One Reference Jumper Method specified 
by ANSI/TIA/EIA-526-14A, Method B and ANSI/TIA/EIA-526-7, Method A.1 


N. The acceptable link attenuation for a multimode horizontal optical fiber cabling system is based on 
the maximum 90 m (295 ft) distance. The horizontal link should be tested at 850 nm or 1300 nm in 
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one direction in accordance with ANSI/EIA/TIA-526-14A, Method B, One Reference Jumper. The 
horizontal link shall be tested using a fixed upper limit for attenuation of 2.0 dB.  


O. Multimode backbone links shall be tested in one direction at 850 nm and 1300 nm in accordance 
with ANSI/EIA/TIA-526-14A. The link attenuation equation above shall be used to determine limit 
values. 


P. Single mode backbone links shall be tested at 1310 nm and 1550 nm in accordance with 
ANSI/TIA/EIA-526-7, Method A.1, One Reference Jumper. All single mode links shall be certified 
with test tools using a Category 2 laser light sources at 1310 nm and 1550 nm. 


3.9. COAX CABLE TESTING 


A. A Time Domain Reflectometer (TDR) shall be used to verify cable length and to test for cable faults 
and breaks. A step-function high resolution Time Domain Reflectometer shall be employed for this 
test. The TDR will sweep the cable at a rate no greater than 50' per second, or such lower rate as 
necessary to resolve cable faults to the 1" and .001 VRC level. 


B. The cables shall be terminated with its characteristic impedance, and in the case of nominal 75 
ohm cable, an appropriate matching pad shall be used to match the analyzer to the cable. Cable 
shall be rejected if any single fault is observed of amplitude greater than .003 voltage reflection 
coefficient. Characteristic impedance shall also be measured at 5% of nominal value. 


C. Cyclic faults (such as cable reel stress and die drawdown) shall be limited to a voltage reflection 
coefficient of .005. 


3.10. WARRANTY 


A. The Contractor shall guarantee all materials, equipment, etc., for one year from date of substantial 
completion of this work. This guarantee shall include all labor, material and travel time. This 
warranty is in addition to the cabling system manufacturer’s warranty. 


END OF SECTION
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Metal conduits, tubing, and fittings. 
2. Nonmetallic conduits, tubing, and fittings. 
3. Metal wireways and auxiliary gutters. 
4. Surface pathways. 
5. Boxes, enclosures, and cabinets. 


B. Related Requirements: 
1. Section 260533 "Raceways for Electrical Systems" for conduits, wireways, 


surface raceways, boxes, enclosures, cabinets, handholes, and faceplate 
adapters serving electrical systems. 


1.3 DEFINITIONS 


A. GRC: Galvanized rigid steel conduit. 


B. IMC: Intermediate metal conduit. 


1.4 ACTION SUBMITTALS 


A. Product Data: For surface pathways, wireways and fittings, floor boxes, hinged-
cover enclosures, and cabinets. 


B. LEED Submittals: 
1. Product Data for Credit IEQ 4.1: For solvent cements and adhesive primers, 


documentation including printed statement of VOC content. 


C. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sec-
tions, and attachment details. 


1.5 INFORMATIONAL SUBMITTALS 


A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the follow-
ing items are shown and coordinated with each other, using input from installers of 
items involved: 
1. Structural members in paths of pathway groups with common supports. 
2. HVAC and plumbing items and architectural features in paths of conduit 


groups with common supports. 


B. Seismic Qualification Certificates: For pathway racks, enclosures, cabinets, and 
equipment racks and their mounting provisions, including those for internal compo-
nents, from manufacturer. 
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1. Basis for Certification: Indicate whether withstand certification is based on 
actual test of assembled components or on calculation. 


2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity 
and locate and describe mounting and anchorage provisions. 


3. Detailed description of equipment anchorage devices on which certification 
is based and their installation requirements. 


4. Detailed description of conduit support devices and interconnections on 
which certification is based and their installation requirements. 


C. Source quality-control reports. 


PART 2 - PRODUCTS 


2.1 METAL CONDUITS, TUBING, AND FITTINGS 


A. General Requirements for Metal Conduits and Fittings: 
1. Listed and labeled as defined in CEC, by a qualified testing agency, and 


marked for intended location and application. 
2. Comply with TIA-569-B. 


B. GRC: Comply with ANSI C80.1 and UL 6. 


C. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit. 
1. Comply with NEMA RN 1. 
2. Coating Thickness: 0.040 inch, minimum. 


D. EMT: Comply with ANSI C80.3 and UL 797. 


E. FMC: Comply with UL 1; zinc-coated steel. 


F. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 


G. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B. 
1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 


and NFPA 70. 
2. Fittings for EMT: 


a. Material:  Steel. 
b. Type:  Setscrew. 


3. Expansion Fittings: PVC or steel to match conduit type, complying with 
UL 467, rated for environmental conditions where installed, and including 
flexible external bonding jumper. 


4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 
inch, with overlapping sleeves protecting threaded joints. 


H. Joint Compound for GRC: Approved, as defined in CEC, by authorities having juris-
diction for use in conduit assemblies, and compounded for use to lubricate and pro-
tect threaded conduit joints from corrosion and to enhance their conductivity. 


2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS 


A. General Requirements for Nonmetallic Conduits and Fittings: 
1. Listed and labeled as defined in CEC, by a qualified testing agency, and 


marked for intended location and application. 
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2. Comply with TIA-569-B. 


B. ENT: Comply with NEMA TC 13 and UL 1653. 


C. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise 
indicated. 


D. LFNC: Comply with UL 1660. 


E. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and ma-
terial. 


F. Fittings for LFNC: Comply with UL 514B. 


G. Solvent cements and adhesive primers shall have a VOC content of 510 and 
550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D 
(EPA Method 24). 


2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Cooper B-Line, Inc.; a division of Cooper Industries. 
2. Hoffman; a brand of Pentair Equipment Protection. 
3. Square D. 


B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless 
otherwise indicated, and sized according to CEC. 
1. Metal wireways installed outdoors shall be listed and labeled as defined in 


NFPA 70, by a qualified testing agency, and marked for intended location 
and application. 


2. Comply with TIA-569-B. 


C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, 
adapters, hold-down straps, end caps, and other fittings to match and mate with 
wireways as required for complete system. 


D. Wireway Covers:  Screw-cover type unless otherwise indicated. 


E. Finish: Manufacturer's standard enamel finish. 


2.4 BOXES, ENCLOSURES, AND CABINETS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Hoffman; a brand of Pentair Equipment Protection. 
2. Hubbell Incorporated. 
3. RACO; Hubbell. 
4. Wiremold / Legrand. 


B. General Requirements for Boxes, Enclosures, and Cabinets: 
1. Comply with TIA-569-B. 
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2. Boxes, enclosures and cabinets installed in wet locations shall be listed for 
use in wet locations. 


C. Sheet-Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 


D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, 
Type FD, with gasketed cover. 


E. Box extensions used to accommodate new building finishes shall be of same mate-
rial as recessed box. 


F. Metal Floor Boxes: 
1. Material: Watertight cast iron units in slabs on grade.  Galvanized steel, 


concrete tight, in suspended slabs. 
2. Type:  Fully adjustable. 
3. Shape: Rectangular. 
4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined 


in NFPA 70, by a qualified testing agency, and marked for intended location 
and application. 


G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 


H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and 
UL 1773, galvanized, cast iron with gasketed cover. 


I. Device Box Dimensions:  4-inches square by 2-1/8 inches deep. 


J. Gangable boxes are allowed. 


K. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 


L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continu-
ous-hinge cover with flush latch unless otherwise indicated. 
1. Metal Enclosures: Steel, finished inside and out with manufacturer's stand-


ard enamel. 
2. Interior Panels: Steel; all sides finished with manufacturer's standard enam-


el. 


M. Cabinets: 
1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and 


removable front, finished inside and out with manufacturer's standard 
enamel. 


2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a 


qualified testing agency, and marked for intended location and application. 
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PART 3 - EXECUTION 


3.1 PATHWAY APPLICATION 


A. Outdoors: Apply pathway products as specified below unless otherwise indicated: 
1. Exposed Conduit:  GRC. 
2. Concealed Conduit, Aboveground:  EMT. 
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 


Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 


B. Indoors: Apply pathway products as specified below unless otherwise indicated: 
1. Exposed, below 8’-0”AFF:  GRC. 
2. Exposed, above 8’-0”AFF:  EMT. 
3. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, 


Pneumatic, Electric-Solenoid, or Motor-Driven Equipment): FMC, except use 
LFMC in damp or wet locations. 


5. Damp or Wet Locations:  GRC. 
6. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 


stainless steel in institutional and commercial kitchens and damp or wet lo-
cations. 


C. Minimum Pathway Size:  3/4-inch trade size. Minimum size for optical-fiber cables is 
1 inch. 


D. Pathway Fittings: Compatible with pathways and suitable for use and location. 
1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless other-


wise indicated. Comply with NEMA FB 2.10. 
2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use 


with this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC 
coating after installing conduits and fittings. Use sealant recommended by 
fitting manufacturer and apply in thickness and number of coats recom-
mended by manufacturer. 


3. EMT: Use setscrew, steel fittings. Comply with NEMA FB 2.10. 
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply 


with NEMA FB 2.20. 


E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 


F. Install surface pathways only where indicated on Drawings. 


G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F. 


3.2 INSTALLATION 


A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements ex-
cept where requirements on Drawings or in this article are stricter. Comply with 
NECA 102 for aluminum pathways. Comply with CEC limitations for types of path-
ways allowed in specific occupancies and number of floors. 
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B. Keep pathways at least 6 inches away from parallel runs of flues and steam or hot-
water pipes. Install horizontal pathway runs above water and steam piping. 


C. Complete pathway installation before starting conductor installation. 


D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for hangers and supports. 


E. Arrange stub-ups so curved portions of bends are not visible above finished slab. 


F. Install no more than the equivalent of three 90-degree bends in any conduit run ex-
cept for communications wiring conduits for which only threetwo 90-degree bends 
are allowed. Support within 12 inches of changes in direction. 


G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise 
indicated. Install conduits parallel or perpendicular to building lines. 


H. Support conduit within 12 inches of enclosures to which attached. 


I. Pathways Embedded in Slabs: 
1. Run conduit larger than 1-inch trade size, parallel or at right angles to main 


reinforcement. Where at right angles to reinforcement, place conduit close 
to slab support. Secure pathways to reinforcement at maximum 10-foot in-
tervals. 


2. Arrange pathways to cross building expansion joints at right angles with ex-
pansion fittings. 


3. Arrange pathways to keep a minimum of 2 inches of concrete cover in all di-
rections. 


4. Do not embed threadless fittings in concrete unless specifically approved by 
Architect for each specific location. 


J. Stub-ups to Above Recessed Ceilings: 
1. Use EMT, IMC, or RMC for pathways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminat-


ed in hubs or in an enclosure. 


K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: 
Apply listed compound to threads of pathway and fittings before making up joints. 
Follow compound manufacturer's written instructions. 


L. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conduc-
tive compound prior to assembly. 


M. Terminate threaded conduits into threaded hubs or with locknuts on inside and out-
side of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size 
and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits 
terminated with locknuts. Install insulated throat metal grounding bushings on ser-
vice conduits. 


N. Install pathways square to the enclosure and terminate at enclosures with locknuts. 
Install locknuts hand tight plus 1/4 turn more. 







SAN DIEGO STATE UNIVERSITY               SECTION 280528 
EIS COMPLEX                      PACKAGE PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC                          
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 280528 - 7 Michael Wall Engineering 


O. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove 
coatings in the locknut area prior to conduit assembly to assure a continuous ground 
path. 


P. Cut conduit perpendicular to the length. For conduits of 2-inch trade size and larger, 
use roll cutter or a guide to ensure cut is straight and perpendicular to the length. 


Q. Install pull wires in empty pathways. Use polypropylene or monofilament plastic line 
with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each 
end of pull wire. Cap underground pathways designated as spare above grade 
alongside pathways in use. 


R. Install pathway sealing fittings at accessible locations according to CEC and fill them 
with listed sealing compound. For concealed pathways, install each fitting in a flush 
steel box with a blank cover plate having a finish similar to that of adjacent plates or 
surfaces. Install pathway sealing fittings according to CEC. 


S. Install devices to seal pathway interiors at accessible locations. Locate seals so no 
fittings or boxes are between the seal and the following changes of environments. 
Seal the interior of all pathways at the following points: 
1. Where conduits pass from warm to cold locations, such as boundaries of re-


frigerated spaces. 
2. Where an underground service pathway enters a building or structure. 
3. Where otherwise required by CEC. 


T. Comply with manufacturer's written instructions for solvent welding PVC conduit and 
fittings. 


U. Expansion-Joint Fittings: 
1. Install in each run of aboveground RNC that is located where environmental 


temperature change may exceed 30 deg F, and that has straight-run length 
that exceeds 25 feet. Install in each run of aboveground RMC and EMT 
conduit that is located where environmental temperature change may ex-
ceed 100 deg F and that has straight-run length that exceeds 100 feet. 


2. Install type and quantity of fittings that accommodate temperature change 
listed for each of the following locations: 
a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F tem-


perature change. 
b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F tempera-


ture change. 
c. Indoor Spaces Connected with Outdoors without Physical Separa-


tion:  125 deg F temperature change. 
d. Attics:  135 deg F temperature change. 


3. Install fitting(s) that provide expansion and contraction for at least 0.00041 
inch per foot of length of straight run per deg F of temperature change for 
PVC conduits. Install fitting(s) that provide expansion and contraction for at 
least 0.000078 inch per foot of length of straight run per deg F of tempera-
ture change for metal conduits. 


4. Install expansion fittings at all locations where conduits cross building or 
structure expansion joints. 


5. Install each expansion-joint fitting with position, mounting, and piston setting 
selected according to manufacturer's written instructions for conditions at 
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specific location at time of installation. Install conduit supports to allow for 
expansion movement. 


V. Flexible Conduit Connections: Comply with NEMA RV 3. Use maximum of 72 inches 
of flexible conduit for equipment subject to vibration, noise transmission, or move-
ment; and for transformers and motors. 
1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical 


damage. 


W. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height 
measured to center of box unless otherwise indicated. 


X. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of ma-
sonry block, and install box flush with surface of wall. Prepare block surface to pro-
vide a flat surface for a raintight connection between box and cover plate or sup-
ported equipment and box. 


Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in 
the same vertical channel. 


Z. Support boxes of three gangs or more from more than one side by spanning two 
framing members or mounting on brackets specifically designed for the purpose. 


AA. Fasten junction and pull boxes to or support from building structure. Do not support 
boxes by conduits. 


BB. Set metal floor boxes level and flush with finished floor surface. 


3.3 INSTALLATION OF UNDERGROUND CONDUIT 


A. Direct-Buried Conduit: 
1. Excavate trench bottom to provide firm and uniform support for conduit. 


Prepare trench bottom as specified in Section 312000 "Earth Moving" for 
pipe less than 6 inches in nominal diameter. 


2. Install backfill as specified in Section 312000 "Earth Moving." 
3. After installing conduit, backfill and compact. Start at tie-in point, and work 


toward end of conduit run, leaving conduit at end of run free to move with 
expansion and contraction as temperature changes during this process. 
Firmly hand tamp backfill around conduit to provide maximum supporting 
strength. After placing controlled backfill to within 12 inches of finished 
grade, make final conduit connection at end of run and complete backfilling 
with normal compaction as specified in Section 312000 "Earth Moving." 


4. Install manufactured duct elbows for stub-ups at poles and equipment and 
at building entrances through floor unless otherwise indicated. Encase el-
bows for stub-up ducts throughout the length of elbow. 


5. Install manufactured rigid steel conduit elbows for stub-ups at poles and 
equipment and at building entrances through floor. 
a. Couple steel conduits to ducts with adapters designed for this pur-


pose, and encase coupling with 3 inches of concrete for a minimum 
of 12 inches on each side of the coupling. 
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b. For stub-ups at equipment mounted on outdoor concrete bases and 
where conduits penetrate building foundations, extend steel conduit 
horizontally a minimum of 60 inches from edge of foundation or 
equipment base. Install insulated grounding bushings on termina-
tions at equipment. 


6.5. Underground Warning Tape: Comply with requirements in Section 260553 
"Identification for Electrical Systems." 


3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 


A. Install handholes and boxes level and plumb and with orientation and depth coordi-
nated with connecting conduits to minimize bends and deflections required for prop-
er entrances. 


B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 
graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adja-
cent undisturbed earth. 


C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set 
covers of other enclosures 1 inch above finished grade. 


D. Install handholes with bottom below frost line, below grade. 


E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, 
and insulators, as required for installation and support of cables and conductors and 
as indicated. Select arm lengths to be long enough to provide spare space for future 
cables, but short enough to preserve adequate working clearances in enclosure. 


F. Field cut openings for conduits according to enclosure manufacturer's written in-
structions. Cut wall of enclosure with a tool designed for material to be cut. Size 
holes for terminating fittings to be used, and seal around penetrations after fittings 
are installed. 


3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY AND 
SECURITY PENETRATIONS 


A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 
Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Elec-
tronic Safety and Security Pathways and Cabling." 


3.6 FIRESTOPPING 


A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply 
with requirements in Section 078413 "Penetration Firestopping." 


3.7 PROTECTION 


A. Protect coatings, finishes, and cabinets from damage and deterioration. 
1. Repair damage to galvanized finishes with zinc-rich paint recommended by 


manufacturer. 
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2. Repair damage to PVC coatings or paint finishes with matching touchup 
coating recommended by manufacturer. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Metal conduits, tubing, and fittings.

		2. Nonmetallic conduits, tubing, and fittings.

		3. Metal wireways and auxiliary gutters.

		4. Surface pathways.

		5. Boxes, enclosures, and cabinets.



		B. Related Requirements:

		1. Section 260533 "Raceways for Electrical Systems" for conduits, wireways, surface raceways, boxes, enclosures, cabinets, handholes, and faceplate adapters serving electrical systems.





		1.3 DEFINITIONS

		A. GRC: Galvanized rigid steel conduit.

		B. IMC: Intermediate metal conduit.



		1.4 ACTION SUBMITTALS

		A. Product Data: For surface pathways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.

		B. LEED Submittals:

		1. Product Data for Credit IEQ 4.1: For solvent cements and adhesive primers, documentation including printed statement of VOC content.



		C. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.



		1.5 INFORMATIONAL SUBMITTALS

		A. Coordination Drawings: Pathway routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:

		1. Structural members in paths of pathway groups with common supports.

		2. HVAC and plumbing items and architectural features in paths of conduit groups with common supports.



		B. Seismic Qualification Certificates: For pathway racks, enclosures, cabinets, and equipment racks and their mounting provisions, including those for internal components, from manufacturer.

		1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.

		2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.

		3. Detailed description of equipment anchorage devices on which certification is based and their installation requirements.

		4. Detailed description of conduit support devices and interconnections on which certification is based and their installation requirements.



		C. Source quality-control reports.





		PART 2 - PRODUCTS

		2.1 METAL CONDUITS, TUBING, AND FITTINGS

		A. General Requirements for Metal Conduits and Fittings:

		1. Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		2. Comply with TIA-569-B.



		B. GRC: Comply with ANSI C80.1 and UL 6.

		C. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit.

		1. Comply with NEMA RN 1.

		2. Coating Thickness: 0.040 inch, minimum.



		D. EMT: Comply with ANSI C80.3 and UL 797.

		E. FMC: Comply with UL 1; zinc-coated steel.

		F. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

		G. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

		1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA 70.

		2. Fittings for EMT:

		a. Material:  Steel.

		b. Type:  Setscrew.



		3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 467, rated for environmental conditions where installed, and including flexible external bonding jumper.

		4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.



		H. Joint Compound for GRC: Approved, as defined in CEC, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.



		2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS

		A. General Requirements for Nonmetallic Conduits and Fittings:

		1. Listed and labeled as defined in CEC, by a qualified testing agency, and marked for intended location and application.

		2. Comply with TIA-569-B.



		B. ENT: Comply with NEMA TC 13 and UL 1653.

		C. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.

		D. LFNC: Comply with UL 1660.

		E. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.

		F. Fittings for LFNC: Comply with UL 514B.

		G. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).



		2.3 METAL WIREWAYS AND AUXILIARY GUTTERS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Cooper B-Line, Inc.; a division of Cooper Industries.

		2. Hoffman; a brand of Pentair Equipment Protection.

		3. Square D.



		B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise indicated, and sized according to CEC.

		1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

		2. Comply with TIA-569-B.



		C. Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.

		D. Wireway Covers:  Screw-cover type unless otherwise indicated.

		E. Finish: Manufacturer's standard enamel finish.



		2.4 BOXES, ENCLOSURES, AND CABINETS

		A. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		1. Hoffman; a brand of Pentair Equipment Protection.

		2. Hubbell Incorporated.

		3. RACO; Hubbell.

		4. Wiremold / Legrand.



		B. General Requirements for Boxes, Enclosures, and Cabinets:

		1. Comply with TIA-569-B.

		2. Boxes, enclosures and cabinets installed in wet locations shall be listed for use in wet locations.



		C. Sheet-Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

		D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.

		E. Box extensions used to accommodate new building finishes shall be of same material as recessed box.

		F. Metal Floor Boxes:

		1. Material: Watertight cast iron units in slabs on grade.  Galvanized steel, concrete tight, in suspended slabs.

		2. Type:  Fully adjustable.

		3. Shape: Rectangular.

		4. Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.



		G. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

		H. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.

		I. Device Box Dimensions:  4-inches square by 2-1/8 inches deep.

		J. Gangable boxes are allowed.

		K. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.

		L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge cover with flush latch unless otherwise indicated.

		1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.

		2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.



		M. Cabinets:

		1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.

		2. Hinged door in front cover with flush latch and concealed hinge.

		3. Key latch to match panelboards.

		4. Metal barriers to separate wiring of different systems and voltage.

		5. Accessory feet where required for freestanding equipment.

		6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.







		PART 3 - EXECUTION

		3.1 PATHWAY APPLICATION

		A. Outdoors: Apply pathway products as specified below unless otherwise indicated:

		1. Exposed Conduit:  GRC.

		2. Concealed Conduit, Aboveground:  EMT.

		3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried.

		4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC.

		5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.



		B. Indoors: Apply pathway products as specified below unless otherwise indicated:

		1. Exposed, below 8’-0”AFF:  GRC.

		2. Exposed, above 8’-0”AFF:  EMT.

		3. Concealed in Ceilings and Interior Walls and Partitions:  EMT.

		4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric-Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations.

		5. Damp or Wet Locations:  GRC.

		6. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in institutional and commercial kitchens and damp or wet locations.



		C. Minimum Pathway Size:  3/4-inch trade size. Minimum size for optical-fiber cables is 1 inch.

		D. Pathway Fittings: Compatible with pathways and suitable for use and location.

		1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.

		2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings. Use sealant recommended by fitting manufacturer and apply in thickness and number of coats recommended by manufacturer.

		3. EMT: Use setscrew, steel fittings. Comply with NEMA FB 2.10.

		4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with NEMA FB 2.20.



		E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

		F. Install surface pathways only where indicated on Drawings.

		G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.



		3.2 INSTALLATION

		A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NECA 102 for aluminum pathways. Comply with CEC limitations for types of pathways allowed in specific occupancies and number of floors.

		B. Keep pathways at least 6 inches away from parallel runs of flues and steam or hot-water pipes. Install horizontal pathway runs above water and steam piping.

		C. Complete pathway installation before starting conductor installation.

		D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.

		E. Arrange stub-ups so curved portions of bends are not visible above finished slab.

		F. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications wiring conduits for which only threetwo 90-degree bends are allowed. Support within 12 inches of changes in direction.

		G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.

		H. Support conduit within 12 inches of enclosures to which attached.

		I. Pathways Embedded in Slabs:

		1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement. Where at right angles to reinforcement, place conduit close to slab support. Secure pathways to reinforcement at maximum 10-foot intervals.

		2. Arrange pathways to cross building expansion joints at right angles with expansion fittings.

		3. Arrange pathways to keep a minimum of 2 inches of concrete cover in all directions.

		4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.



		J. Stub-ups to Above Recessed Ceilings:

		1. Use EMT, IMC, or RMC for pathways.

		2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.



		K. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of pathway and fittings before making up joints. Follow compound manufacturer's written instructions.

		L. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive compound prior to assembly.

		M. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated throat metal grounding bushings on service conduits.

		N. Install pathways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.

		O. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to conduit assembly to assure a continuous ground path.

		P. Cut conduit perpendicular to the length. For conduits of 2-inch trade size and larger, use roll cutter or a guide to ensure cut is straight and perpendicular to the length.

		Q. Install pull wires in empty pathways. Use polypropylene or monofilament plastic line with not less than 200-lb tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap underground pathways designated as spare above grade alongside pathways in use.

		R. Install pathway sealing fittings at accessible locations according to CEC and fill them with listed sealing compound. For concealed pathways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install pathway sealing fittings according to CEC.

		S. Install devices to seal pathway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all pathways at the following points:

		1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.

		2. Where an underground service pathway enters a building or structure.

		3. Where otherwise required by CEC.



		T. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings.

		U. Expansion-Joint Fittings:

		1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg F, and that has straight-run length that exceeds 25 feet. Install in each run of aboveground RMC and EMT conduit that is located where environmental temperature change may exceed 100 deg F and that has straight-run length that exceeds 100 feet.

		2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:

		a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature change.

		b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature change.

		c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F temperature change.

		d. Attics:  135 deg F temperature change.



		3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per deg F of temperature change for PVC conduits. Install fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of length of straight run per deg F of temperature change for metal conduits.

		4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.

		5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation. Install conduit supports to allow for expansion movement.



		V. Flexible Conduit Connections: Comply with NEMA RV 3. Use maximum of 72 inches of flexible conduit for equipment subject to vibration, noise transmission, or movement; and for transformers and motors.

		1. Use LFMC in damp or wet locations subject to severe physical damage.

		2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.



		W. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.

		X. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall. Prepare block surface to provide a flat surface for a raintight connection between box and cover plate or supported equipment and box.

		Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.

		Z. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.

		AA. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.

		BB. Set metal floor boxes level and flush with finished floor surface.



		3.3 INSTALLATION OF UNDERGROUND CONDUIT

		A. Direct-Buried Conduit:

		1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom as specified in Section 312000 "Earth Moving" for pipe less than 6 inches in nominal diameter.

		2. Install backfill as specified in Section 312000 "Earth Moving."

		3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process. Firmly hand tamp backfill around conduit to provide maximum supporting strength. After placing controlled backfill to within 12 inches of finished grade, make final conduit connection at end of run and complete backfilling with normal compaction as specified in Section 312000 "Earth Moving."

		4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts throughout the length of elbow.

		1. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.

		a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete for a minimum of 12 inches on each side of the coupling.

		a. For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60 inches from edge of foundation or equipment base. Install insulated grounding bushings on terminations at equipment.



		5. Underground Warning Tape: Comply with requirements in Section 260553 "Identification for Electrical Systems."





		3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

		A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.

		B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

		C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of other enclosures 1 inch above finished grade.

		D. Install handholes with bottom below frost line, below grade.

		E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated. Select arm lengths to be long enough to provide spare space for future cables, but short enough to preserve adequate working clearances in enclosure.

		F. Field cut openings for conduits according to enclosure manufacturer's written instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to be used, and seal around penetrations after fittings are installed.



		3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY PENETRATIONS

		A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electronic Safety and Security Pathways and Cabling."



		3.6 FIRESTOPPING

		A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."



		3.7 PROTECTION

		A. Protect coatings, finishes, and cabinets from damage and deterioration.

		1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.

		2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Sleeves for pathway and cable penetration of non-fire-rated construction 


walls and floors. 
2. Sleeve-seal systems. 
3. Sleeve-seal fittings. 
4. Grout. 
5. Silicone sealants. 


B. Related Requirements: 
1. Section 078413 "Penetration Firestopping" for penetration firestopping in-


stalled in fire-resistance-rated walls, horizontal assemblies, and smoke bar-
riers, with and without penetrating items. 


1.3 ACTION SUBMITTALS 


A. Product Data: For each type of product. 


B. LEED Submittals: 
1. Product Data for Credit EQ 4.1: For sealants, documentation including print-


ed statement of VOC content. 


PART 2 - PRODUCTS 


2.1 SLEEVES 


A. Wall Sleeves: 
1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc 


coated, plain ends. 


B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Gal-
vanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded 
longitudinal joint, with tabs for screw-fastening the sleeve to the board. 


C. Sleeves for Rectangular Openings: 
1. Material: Galvanized-steel sheet. 
2. Minimum Metal Thickness: 


a. For sleeve cross-section rectangle perimeter less than 50 inches 
and with no side larger than 16 inches, thickness shall be 0.052 
inch. 


b. For sleeve cross-section rectangle perimeter 50 inches or more and 
one or more sides larger than 16 inches, thickness shall be 0.138 
inch. 
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2.2 SLEEVE-SEAL SYSTEMS 


A. Description: Modular sealing device, designed for field assembly, to fill annular 
space between sleeve and raceway or cable. 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the follow-
ing: 
a. Advance Products & Systems, Inc. 
b. CALPICO, Inc. 
c. Metraflex Company (The). 


2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of 
pipe. Include type and number required for pipe material and size of pipe. 


3. Pressure Plates:  Carbon steel. 
4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, 


of length required to secure pressure plates to sealing elements. 


2.3 SLEEVE-SEAL FITTINGS 


A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for em-
bedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar 
with center opening to match piping OD. 
1. Products: Subject to compliance with requirements, available products that 


may be incorporated into the Work include, but are not limited to the follow-
ing: 
a. HOLDRITE. 


2.4 GROUT 


A. Description: Nonshrink; recommended for interior and exterior sealing openings in 
non-fire-rated walls or floors. 


B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, 
dry, hydraulic-cement grout. 


C. Design Mix: 5000-psi, 28-day compressive strength. 


D. Packaging: Premixed and factory packaged. 


2.5 SILICONE SEALANTS 


A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric 
sealants of grade indicated below. 
1. Grade: Pourable (self-leveling) formulation for openings in floors and other 


horizontal surfaces that are not fire rated. 
2. Sealant shall have VOC content of 250 g/L or less when calculated accord-


ing to 40 CFR 59, Subpart D (EPA Method 24). 


B. Silicone Foams: Multicomponent, silicone-based, liquid elastomers that, when 
mixed, expand and cure in place to produce a flexible, nonshrinking foam. 
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PART 3 - EXECUTION 


3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 


A. Comply with NECA 1. 


B. Comply with NEMA VE 2 for cable tray and cable penetrations. 


C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Ma-
sonry-Unit Floors and Walls: 
1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 


a. Seal annular space between sleeve and pathway or cable, using 
joint sealant appropriate for size, depth, and location of joint. Com-
ply with requirements in Section 079200 "Joint Sealants." 


b. Seal space outside of sleeves with mortar or grout. Pack sealing 
material solidly between sleeve and wall so no voids remain. Tool 
exposed surfaces smooth; protect material while curing. 


2. Use pipe sleeves unless penetration arrangement requires rectangular 
sleeved opening. 


3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve 
and pathway or cable unless sleeve seal is to be installed or unless seismic 
criteria require different clearance.. 


4. Install sleeves for wall penetrations unless core-drilled holes or formed 
openings are used. Install sleeves during erection of walls. Cut sleeves to 
length for mounting flush with both surfaces of walls. Deburr after cutting. 


5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 
inches above finished floor level. Install sleeves during erection of floors. 


D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 
1. Use circular metal sleeves unless penetration arrangement requires rectan-


gular sleeved opening. 
2. Seal space outside of sleeves with approved joint compound for gypsum 


board assemblies. 


E. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with 
flexible boot-type flashing units applied in coordination with roofing work. 


F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves 
and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear 
space between pipe and sleeve for installing mechanical sleeve seals. 


G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. 
Size sleeves to allow for 1-inch annular clear space between pathway or cable and 
sleeve for installing sleeve-seal system. 


3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 


A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade 
at pathway entries into building. 


B. Install type and number of sealing elements recommended by manufacturer for 
pathway or cable material and size. Position pathway or cable in center of sleeve. 
Assemble mechanical sleeve seals and install in annular space between pathway or 
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cable and sleeve. Tighten bolts against pressure plates that cause sealing elements 
to expand and make watertight seal. 


3.3 SLEEVE-SEAL-FITTING INSTALLATION 


A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 


B. Assemble fitting components of length to be flush with both surfaces of concrete 
slabs and walls. Position waterstop flange to be centered in concrete slab or wall. 


C. Secure nailing flanges to concrete forms. 


D. Using grout, seal the space around outside of sleeve-seal fittings. 


END OF SECTION 





		PART 1 - GENERAL

		1.1 RELATED DOCUMENTS

		A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.



		1.2 SUMMARY

		A. Section Includes:

		1. Sleeves for pathway and cable penetration of non-fire-rated construction walls and floors.

		2. Sleeve-seal systems.

		3. Sleeve-seal fittings.

		4. Grout.

		5. Silicone sealants.



		B. Related Requirements:

		1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.





		1.3 ACTION SUBMITTALS

		A. Product Data: For each type of product.

		B. LEED Submittals:

		1. Product Data for Credit EQ 4.1: For sealants, documentation including printed statement of VOC content.







		PART 2 - PRODUCTS

		2.1 SLEEVES

		A. Wall Sleeves:

		1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.



		B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.

		C. Sleeves for Rectangular Openings:

		1. Material: Galvanized-steel sheet.

		2. Minimum Metal Thickness:

		a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side larger than 16 inches, thickness shall be 0.052 inch.

		b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more sides larger than 16 inches, thickness shall be 0.138 inch.







		2.2 SLEEVE-SEAL SYSTEMS

		A. Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. Advance Products & Systems, Inc.

		b. CALPICO, Inc.

		c. Metraflex Company (The).



		2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number required for pipe material and size of pipe.

		3. Pressure Plates:  Carbon steel.

		4. Connecting Bolts and Nuts:  Carbon steel, with corrosion-resistant coating, of length required to secure pressure plates to sealing elements.





		2.3 SLEEVE-SEAL FITTINGS

		A. Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.

		1. Products: Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to the following:

		a. HOLDRITE.







		2.4 GROUT

		A. Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.

		B. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.

		C. Design Mix: 5000-psi, 28-day compressive strength.

		D. Packaging: Premixed and factory packaged.



		2.5 SILICONE SEALANTS

		A. Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.

		1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.

		2. Sealant shall have VOC content of 250 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).



		B. Silicone Foams: Multicomponent, silicone-based, liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.





		PART 3 - EXECUTION

		3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

		A. Comply with NECA 1.

		B. Comply with NEMA VE 2 for cable tray and cable penetrations.

		C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:

		1. Interior Penetrations of Non-Fire-Rated Walls and Floors:

		a. Seal annular space between sleeve and pathway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with requirements in Section 079200 "Joint Sealants."

		b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve and wall so no voids remain. Tool exposed surfaces smooth; protect material while curing.



		2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

		3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and pathway or cable unless sleeve seal is to be installed or unless seismic criteria require different clearance..

		4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr after cutting.

		5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches above finished floor level. Install sleeves during erection of floors.



		D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

		1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.

		2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.



		E. Roof-Penetration Sleeves: Seal penetration of individual pathways and cables with flexible boot-type flashing units applied in coordination with roofing work.

		F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.

		G. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch annular clear space between pathway or cable and sleeve for installing sleeve-seal system.



		3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

		A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at pathway entries into building.

		B. Install type and number of sealing elements recommended by manufacturer for pathway or cable material and size. Position pathway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space between pathway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.



		3.3 SLEEVE-SEAL-FITTING INSTALLATION

		A. Install sleeve-seal fittings in new walls and slabs as they are constructed.

		B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls. Position waterstop flange to be centered in concrete slab or wall.

		C. Secure nailing flanges to concrete forms.

		D. Using grout, seal the space around outside of sleeve-seal fittings.
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. The general conditions, Division 26, and Basic Electrical Materials and Methods 
(Section 260500) are part of this section and the contract for this work and apply to 
this section as fully as if repeated herein. 


B. Reference to other sections: The applicable requirements from other Division 26 
sections required for a complete and operational system shall form a part of the 
electrical work and each section shall be thoroughly reviewed by the Contractor for 
application to all other sections. 


1.2 SUMMARY 


A. Section Includes: 
1. Fire-alarm control unit. 
2. Manual fire-alarm boxes. 
3. System smoke detectors. 
4. Heat detectors. 
5. Notification appliances. 
6. Device guards. 
7. Magnetic door holders. 
8. Remote annunciator. 
9. Addressable interface device. 
10. Digital alarm communicator transmitter. 
11. Network communications. 
12. Printer 


B. Related Requirements: 
1. Section 280513 "Conductors and Cables for Electronic Safety and Security" 


for cables and conductors for fire-alarm systems. 


1.3 DEFINITIONS 


A. EMT: Electrical Metallic Tubing. 


B. FACP: Fire Alarm Control Panel. 


C. NICET: National Institute for Certification in Engineering Technologies. 


D. PC: Personal computer. 


1.4 QUALITY ASSURANCE AND STANDARDS 


A. All work, material or equipment shall comply with the codes, ordinances and 
regulations of the State of California, including the regulations of serving utilities and 
any participating government agencies having jurisdiction. 
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B. All electrical work shall comply with the latest edition under enforcement including all 
amendments, modifications, and supplements of the following codes and standards 
or other regulations which may apply: 
1. American Disabilities Act (ADA) 
2. American National Standards Institute (ANSI) 
3. American Society for Testing and Materials (ASTM) 
4. California Electrical Code (CEC) 
5. California State Fire Marshal (CSFM) Requirements 
6. Institute of Cable Engineers Association (ICEA) 
7. Institute of Electrical and Electronic Engineers (IEEE) 
8. National Electrical Contractor’s Association (NECA) 
9. National Electrical Manufacturer’s Association (NEMA) 
10. National Electrical Testing Association (NETA) 
11. National Fire Protection Association (NFPA) 
12. San Diego State University (SDSU) Requirements 
13. Underwriter’s Laboratories, Inc.(UL) 
14. California Building Code (CBC) 


C. No requirement of these drawings and specifications shall be construed to void any 
of the provisions of the above standards.  Any conflicts or changes required to the 
contract documents in order to obtain compliance with applicable codes shall be 
brought to the immediate attention of the Architect, Engineer, and Owner’s 
Representative by the Contractor. 


D. All items shall be listed by Underwriter’s Laboratories and shall bear the UL label. 


E. Equipment shown to scale is approximate only and based upon a general class of 
equipment specified.  The Contractor shall verify all dimensions and clearances prior 
to commencement of work. 


F. Installer Qualifications: Personnel shall be trained and certified by manufacturer for 
installation of units required for this Project. 


G. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-
alarm Level IV technician. 


H. The Contractor shall verify all points of connection with the manufacturer’s 
requirements, instructions, or recommendations prior to installation.  The actual 
dimensions, weights, clearance requirements and installation requirements shall be 
verified and coordinated by the contractor. 


1.5 SUBMITTALS 


A. General: 
1. Six copies of all submittals shall be submitted to the Architect/Engineer for 


review. 
2. Submittals shall be approved by authorities having jurisdiction prior to 


submitting them to Architect. 


B. Product Data: For each type of product, including furnished options and accessories. 
1. Include construction details, material descriptions, dimensions, profiles, and 


finishes. 
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2. Include rated capacities, operating characteristics, and electrical 
characteristics.. 


C. Manuals: 
1. Submit simultaneously with the shop drawings, complete operating manuals 


listing the manufacturer's name(s), including technical data sheets. 
2. Wiring diagrams shall indicate internal wiring for each device and the 


interconnections between the items of equipment. 
3. Provide a clear and concise description of operation that gives, in detail, the 


alarm, supervisory, and trouble conditions. 


D. Software Modifications 
1. Provide the services of a factory trained and authorized technician to 


perform all system software modifications, upgrades or changes.  Response 
time of the technician to the site shall not exceed 24 hours. 


2. Provide all hardware, software, programming tools and documentation 
necessary to modify the alarm system on site. Modification includes addition 
and deletion of devices, circuits, zones and changes to system operation 
and custom label changes for devices or zones. The system structure and 
software shall place no limit on the type or extent of software modifications 
on-site. Modification of software shall not require power-down of the system 
or loss of system protection while modifications are being made. 


E. Certifications: 
1. Together with the shop drawing submittal, submit a certification from the 


major equipment manufacturer indicating that the installing contractor is an 
authorized representative of the major equipment manufacturer. Include 
names and addresses in the certification. 


2. Seismic Qualification Certificates: For fire-alarm control unit, accessories, 
and components, from manufacturer. 
a. Basis for Certification: Indicate whether withstand certification is 


based on actual test of assembled components or on calculation. 
b. Dimensioned Outline Drawings of Equipment Unit: Identify center of 


gravity and locate and describe mounting and anchorage 
provisions. 


c. Detailed description of equipment anchorage devices on which the 
certification is based and their installation requirements. 


F. Delegated-Design Submittal: For notification appliances and smoke and heat 
detectors, in addition to submittals listed above, indicate compliance with 
performance requirements and design criteria, including analysis data signed and 
sealed by the qualified professional engineer responsible for their preparation. 
1. Drawings showing the location of each notification appliance and smoke and 


heat detector, ratings of each, and installation details as needed to comply 
with listing conditions of the device. 


2. Design Calculations: Calculate requirements for selecting the spacing and 
sensitivity of detection, complying with NFPA 72. Calculate spacing and 
intensities for strobe signals and sound-pressure levels for audible 
appliances. 


3. Indicate audible appliances required to produce square wave signal per 
NFPA 72. 
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1.6 CLOSEOUT SUBMITTALS 


A. Operation and Maintenance Data: For fire-alarm systems and components to 
include in emergency, operation, and maintenance manuals. 
1. In addition to items specified in Section 017823 "Operation and 


Maintenance Data," include the following and deliver copies to authorities 
having jurisdiction: 
a. Comply with the "Records" section of the "Inspection, Testing and 


Maintenance" chapter in NFPA 72. 
b. Provide "Fire Alarm and Emergency Communications System 


Record of Completion Documents" according to the "Completion 
Documents" Article in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72. 


c. Complete wiring diagrams showing connections between all devices 
and equipment. Each conductor shall be numbered at every junction 
point with indication of origination and termination points. 


d. Riser diagram. 
e. Device addresses. 
f. Air-sampling system sample port locations and modeling program 


report showing layout meets performance criteria. 
g. Record copy of site-specific software. 
h. Provide "Inspection and Testing Form" according to the "Inspection, 


Testing and Maintenance" chapter in NFPA 72, and include the 
following: 
1) Equipment tested. 
2) Frequency of testing of installed components. 
3) Frequency of inspection of installed components. 
4) Requirements and recommendations related to results of 


maintenance. 
5) Manufacturer's user training manuals. 


i. Manufacturer's required maintenance related to system warranty 
requirements. 


j. Abbreviated operating instructions for mounting at fire-alarm control 
unit and each annunciator unit. 


B. Software and Firmware Operational Documentation: 
1. Software operating and upgrade manuals. 
2. Program Software Backup: On magnetic media or compact disk, complete 


with data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 


1.7 MAINTENANCE MATERIAL SUBMITTALS 


A. Furnish extra materials that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Lamps for Remote Indicating Lamp Units: Quantity equal to 10 percent of 


amount installed, but no fewer than one unit. 
2. Lamps for Strobe Units: Quantity equal to 10 percent of amount installed, 


but no fewer than one unit. 
3. Smoke Detectors, Fire Detectors: Quantity equal to 10 percent of amount of 


each type installed, but no fewer than one unit of each type. 
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4. Detector Bases: Quantity equal to two percent of amount of each type 
installed, but no fewer than one unit of each type. 


5. Keys and Tools: One extra set for access to locked or tamperproofed 
components. 


6. Audible and Visual Notification Appliances:  One of each type installed. 
7. Fuses:  Two of each type installed in the system. Provide in a box or cabinet 


with compartments marked with fuse types and sizes. 


1.8 WARRANTY 


A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system 
equipment and components that fail in materials or workmanship within specified 
warranty period. 
1. Warranty Extent: All equipment and components not covered in the 


Maintenance Service Agreement. 
2. Warranty Period:  Five years from date of Substantial Completion. 


PART 2 - PRODUCTS 


2.1 SUMMARY NETWORK FIRE ALARM CONTROL PANEL (NODE) 


A. Network fire alarm control panels (FACP) shall include all features as described in 
this specification for stand-alone FACPs and shall have network communication 
capabilities as described herein. 
1. All points monitored and controlled by a single node shall be capable of 


being programmed as "Public". Each point made public to the network may 
be programmed to be operated by any other node connected to the network. 


2. Network communications shall be capable of supporting "point lists" that can 
be handled as though they were a single point. 


B. The network shall provide a means to log into any node on the system via a laptop 
computer or CRT/Keyboard and have complete network access (Set Host) for 
diagnostics, maintenance reporting, and information gathering of all nodes in the 
system.  Systems not meeting this requirement must provide all diagnostic tools 
required to support this function from selected points on the network. This Section 
covers fire alarm systems, including initiating devices, notification appliances, 
controls, and supervisory devices. 


C. Work covered by this section includes the furnishing of labor, equipment, and 
materials for installation of the fire alarm system as indicated on the drawings and 
specifications. 


D. The Fire Alarm System shall consist of all necessary hardware equipment and 
software programming to perform the following functions: 
1. Fire alarm and detection operations. 
2. Control and monitoring of elevators, smoke control equipment, door hold-


open devices, fire suppression systems, emergency power systems, and 
other equipment as indicated in the drawings and specifications. 
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2.2 ACCEPTABLE MANUFACTURERS 


A. Manufacturers: The equipment and service described in this specification are those 
supplied and supported by SimplexGrinnell and represent the base bid for the 
equipment. 
1. Subject to compliance with requirements, provide products by the following: 


a. SimplexGrinnell 4100U Networked Fire Alarm System 


B. Being listed as an acceptable Manufacturer in no way relieves obligation to provide 
all equipment and features in accordance with these specifications. 


C. The Manufacturer shall be a nationally recognized company specializing in fire alarm 
and detection systems. This organization shall employ factory trained and NICET 
certified technicians, and shall maintain a service organization within 50 miles of this 
project location. The Manufacturer and service organization shall have a minimum of 
10 years’ experience in the fire protective signaling systems industry. 


 
 


2.3 FIRE-ALARM CONTROL UNIT 


A. General Requirements for Fire-Alarm Control Unit: 
1. Field-programmable, microprocessor-based, modular, power-limited design 


with electronic modules, complying with UL 864. 
a. System software and programs shall be held in nonvolatile flash, 


electrically erasable, programmable, read-only memory, retaining 
the information through failure of primary and secondary power 
supplies. 


b. Include a real-time clock for time annotation of events on the event 
recorder and printer. 


c. Provide communication between the FACP and remote circuit 
interface panels, annunciators, and displays. 


d. The FACP shall be listed for connection to a central-station 
signaling system service. 


e. Provide nonvolatile memory for system database, logic, and 
operating system and event history. The system shall require no 
manual input to initialize in the event of a complete power down 
condition. The FACP shall provide a minimum 500-event history log. 


f. System shall be capable of storing dual configuration programs with 
one active and one in reserve. 


g. Panel shall be capable of full system operation during a new 
configuration download. 


2. Remote Access: 
a. FACP shall have the capability to provide Remote Access through a 


Dial-Up Service Modem using the public switched telephone system 
of a private switched telephone system. 


b. A personal computer or technician's laptop, configured with terminal 
emulation software, shall have the ability to access the FACP for 
diagnostics, maintenance reporting and information gathering. 


c. FACP shall have the capability to provide third party access through 
a serial interface connection and be agency listed for specific 
interfaces and for the purpose. 
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d. FACP shall have the capability to provide remote access via an 
Internet/Intranet Interface. The Internet interface shall provide an 
alternative access to system information using the familiar interface 
of a standard Internet browser. A remotely located fire professional 
can use this access to analyze control panel status during non-
alarm conditions and can also use this information to assist local fire 
responders during alarm conditions. 


3. Network communication: 
a. Network node communication shall be through a token ring 


configuration. 
b. A single open, ground or short on the network communication loop 


shall not degrade network communications. Token shall be passed 
in opposite direction to maintain communications throughout all 
network nodes.  At the same time the status of the communication 
link shall be reported. 


c. If a group of nodes becomes isolated from the rest of the network 
due to multiple fault conditions, that group shall automatically form a 
sub-network with all common interaction of monitoring and control 
remaining intact. The network shall be notified with the exact details 
of the lost communications. 


d. The communication method shall be NFPA 72 style 7. 
4. Required Functions: The following are required system functions and 


operating features: 
a. Priority of Signals: Fire alarm events have highest priority. 


Subsequent alarm events are queued in the order received and do 
not affect existing alarm conditions. Priority Two, Supervisory and 
Trouble events have second-, third-, and fourth-level priority 
respectively. Signals of a higher-level priority take precedence over 
signals of lower priority even though the lower-priority condition 
occurred first. Annunciate all events regardless of priority or order 
received. 


b. Noninterfering: An event on one zone does not prevent the receipt 
of signals from any other zone. All zones are manually resettable 
from the FACP after the initiating device or devices are restored to 
normal. The activation of an addressable device does not prevent 
the receipt of signals from subsequent addressable device 
activations. 


c. Alarm Silencing: If the "Alarm Silence" button is pressed, all audible 
and visible alarm signals shall cease operation. 


d. System Reset 
1) The "System Reset" button shall be used to return the 


system to its normal state. Display messages shall provide 
operator assurance of the sequential steps ("IN 
PROGRESS", "RESET COMPLETED") as they occur.  The 
system shall verify all circuits or devices are restored prior 
to resetting the system to avoid the potential for re-alarming 
the system.  The display message shall indicate "ALARM 
PRESENT, SYSTEM RESET ABORTED." 


2) Should an alarm condition continue, the system will remain 
in an alarmed state. 


e. A manual evacuation (drill) switch shall be provided to operate the 
notification appliances without causing other control circuits to be 
activated. 







SAN DIEGO STATE UNIVERSITY         SECTION 283111 
EIS COMPLEX                        DIGITAL, ADDRESABLE FIRE ALARM SYSTEM 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 283111 - 8 Michael Wall Engineering 


f. WALKTEST: The system shall have the capacity of 8 programmable 
passcode protected one person testing groups, such that only a 
portion of the system need be disabled during testing.  The 
actuation of the "enable one person test" program at the control unit 
shall activate the "One Person Testing" mode of the system as 
follows: 
1) The city circuit connection and any suppression release 


circuits shall be bypassed for the testing group. 
2) Control relay functions associated to one of the 8 testing 


groups shall be bypassed. 
3) The control unit shall indicate a trouble condition. 
4) The alarm activation of any initiation device in the testing 


group shall cause the audible notification appliances 
assigned only to that group to sound a code to identify the 
device or zone. 


5) The unit shall automatically reset itself after signaling is 
complete. 


6) Any opening of an initiating or notification appliance circuit 
wiring shall cause the audible signals to sound for 4 
seconds indicating the trouble condition. 


5. Addressable Initiation Device Circuits: The FACP shall indicate which 
communication zones have been silenced and shall provide selective 
silencing of alarm notification appliance by building communication zone. 


6. Addressable Control Circuits for Operation of Notification Appliances and 
Mechanical Equipment: The FACP shall be listed for releasing service. 


B. Alphanumeric Display and System Controls: Arranged for interface between human 
operator at fire-alarm control unit and addressable system components including 
annunciation and supervision. Display alarm, supervisory, and component status 
messages and the programming and control menu. 
1. Annunciator and Display: Liquid-crystal type, three line(s) of 80 characters, 


minimum. 
2. Keypad: Arranged to permit entry and execution of programming, display, 


and control commands. 


C. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits: 
1. Transmission shall be hard-wired, using separate individual circuits for each 


zone of alarm operation as required or addressable signal transmission, 
dedicated to fire alarm service only. 


2. Pathway Class Designations: NFPA 72, Class B. 
3. Pathway Survivability:  Level 0. 
4. Install no more than 100 addressable devices on each signaling-line circuit. 
5. Serial Interfaces: 


a. One dedicated RS 485 port for central-station operation using point 
ID DACT. 


b. One RS 485 port for remote annunciators, Ethernet module, or 
multi-interface module (printer port). 


c. One USB port for PC configuration. 


D. Notification-Appliance Circuit: 
1. Audible appliances shall sound in a three-pulse temporal pattern, as defined 


in NFPA 72. 
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2. Where notification appliances provide signals to sleeping areas, the alarm 
signal shall be a 520-Hz square wave with an intensity 15 dB above the 
average ambient sound level or 5 dB above the maximum sound level, or at 
least 75 dBA, whichever is greater, measured at the pillow. 


3. Visual alarm appliances shall flash in synchronization where multiple 
appliances are in the same field of view, as defined in NFPA 72. 


E. Elevator Recall: 
1. Elevator recall shall be initiated only by one of the following alarm-initiating 


devices: 
a. Elevator lobby detectors except the lobby detector on the 


designated floor. 
b. Smoke detector in elevator machine room. 
c. Smoke detectors in elevator hoistway. 


2. Elevator controller shall be programmed to move the cars to the alternate 
recall floor if lobby detectors located on the designated recall floors are 
activated. 


 
 


3. Water-flow alarm connected to sprinkler in an elevator shaft and elevator 
machine room shall shut down elevators associated with the location without 
time delay. 
a. Water-flow switch associated with the sprinkler in the elevator pit 


may have a delay to allow elevators to move to the designated floor. 


F. Door Controls: Door hold-open devices that are controlled by smoke detectors at 
doors in smoke-barrier walls shall be connected to fire-alarm system. 


G. Remote Smoke-Detector Sensitivity Adjustment:  
1. Controls shall select specific addressable smoke detectors for adjustment, 


display their current status and sensitivity settings, and change those 
settings.  


2. Allow controls to be used to program repetitive, time-scheduled, and 
automated changes in sensitivity of specific detector groups.  


3. Record sensitivity adjustments and sensitivity-adjustment schedule changes 
in system memory, and print out the final adjusted values on system printer.  


4. Provide sensor reports that meet NFPA72 calibrated test method 
requirements. The reports shall be viewed on a CRT Display or printed for 
annual recording and logging of the calibration maintenance schedule. 


5. Environmental Compensation: The FACP shall maintain a moving average 
of the sensor's smoke chamber value to automatically compensate for dust, 
dirt, and other conditions that could affect detection operations. 


6. The FACP shall automatically indicate when an individual sensor needs 
cleaning.  The system shall provide a means to automatically indicate when 
a sensor requires cleaning.  When a sensor's average value reaches a 
predetermined value, (3) progressive levels of reporting are provided.  The 
first level shall indicate if a sensor is close to a trouble reporting condition 
and will be indicated on the FACP as "ALMOST DIRTY."  This condition 
provides a means to alert maintenance staff of a sensor approaching dirty 
without creating a trouble in the system.  If this indicator is ignored and the 
second level is reached, a "DIRTY SENSOR" condition shall be indicated at 
the FACP and subsequently a system trouble is reported to the Central 
Monitoring Station.  The sensor base LED shall glow steady giving a visible 
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indication at the sensor location. The "DIRTY SENSOR" condition shall not 
affect the sensitivity level required to alarm the sensor.  If a "DIRTY 
SENSOR" is left unattended, and its average value increases to a third 
predetermined value, an "EXCESSIVELY DIRTY SENSOR" trouble 
condition shall be indicated at the control unit. 


7. The FACP shall continuously perform an automatic self-test on each sensor 
which will check sensor electronics and ensure the accuracy of the values 
being transmitted. Any sensor that fails this test shall indicate a "SELF TEST 
ABNORMAL" trouble condition. 


H. Transmission to Remote Alarm Receiving Station: Automatically transmit alarm, 
supervisory, and trouble signals to a remote alarm station. 


I. Printout of Events: On receipt of signal, print alarm, supervisory, and trouble events. 
Identify zone, device, and function. Include type of signal (alarm, supervisory, or 
trouble) and date and time of occurrence. Differentiate alarm signals from all other 
printed indications. Also print system reset event, including same information for 
device, location, date, and time. Commands initiate the printing of a list of existing 
alarm, supervisory, and trouble conditions in the system and a historical log of 
events. 


J. Primary Power: 24-V dc obtained from 120-V ac service and a power-supply 
module. Initiating devices, notification appliances, signaling lines, trouble signals, 
supervisory and digital alarm communicator transmitters shall be powered by 24-
V dc source. 
1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent 


of the power-supply module rating. 


K. Secondary Power: 24-V dc supply system with batteries, automatic battery charger, 
and automatic transfer switch. 
1. Batteries:  Sealed lead calcium. 
2. System shall be provided with sufficient battery capacity to operate the 


entire system upon loss of primary power in a normal supervisory mode for 
a period of 48 hours with 15 minutes of alarm operation at the end of this 
period.  


L. Instructions: Computer printout or typewritten instruction card mounted behind a 
plastic or glass cover in a stainless-steel or aluminum frame. Include interpretation 
and describe appropriate response for displays and signals. Briefly describe the 
functional operation of the system under normal, alarm, and trouble conditions. 


2.4 PREACTION SYSTEM 


A. Initiate Presignal Alarm: This function shall cause an audible and visual alarm and 
indication to be provided at the FACP. Activation of an initiation device connected as 
part of a preaction system shall be annunciated at the FACP only, without activation 
of the general evacuation alarm. 


2.5 MANUAL FIRE-ALARM BOXES 


A. General Requirements for Manual Fire-Alarm Boxes: Comply with UL 38. Boxes 
shall be finished in red with molded, raised-letter operating instructions in contrasting 
color; shall show visible indication of operation; and shall be mounted on recessed 
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outlet box. If indicated as surface mounted, provide manufacturer's surface back 
box. 
1. Single-action mechanism, pull-lever type; with integral addressable module 


arranged to communicate manual-station status (normal, alarm, or trouble) 
to fire-alarm control unit. 


2. Station Reset: Key- or wrench-operated switch. 
3. Indoor Protective Shield: Factory-fabricated, clear plastic enclosure hinged 


at the top to permit lifting for access to initiate an alarm. Lifting the cover 
actuates an integral battery-powered audible horn intended to discourage 
false-alarm operation. 


4. Weatherproof Protective Shield: Factory-fabricated, clear plastic enclosure 
hinged at the top to permit lifting for access to initiate an alarm. 


2.6 SYSTEM SMOKE DETECTORS 


A. General Requirements for System Smoke Detectors: 
1. Comply with UL 268; operating at 24-V dc, nominal. 
2. Detectors shall be two-wire type. 
3. Base Mounting: Detector and associated electronic components shall be 


mounted in a twist-lock module that connects to a fixed base. Provide 
terminals in the fixed base for connection to building wiring. 


4. Self-Restoring: Detectors do not require resetting or readjustment after 
actuation to restore them to normal operation. 


5. Integral Visual-Indicating Light: LED type, indicating detector has 
operated and power-on status. 


6. Remote Control: Unless otherwise indicated, detectors shall be digital-
addressable type, individually monitored at fire-alarm control unit for 
calibration, sensitivity, and alarm condition and individually adjustable for 
sensitivity by fire-alarm control unit. 
a. Rate-of-rise temperature characteristic of combination smoke- and 


heat-detection units shall be selectable at fire-alarm control unit for 
15 or 20 deg F per minute. 


b. Fixed-temperature sensing characteristic of combination smoke- 
and heat-detection units shall be independent of rate-of-rise sensing 
and shall be settable at fire-alarm control unit to operate at 135 or 
155 deg F. 


c. Seven (7) levels of detection sensitivity for each sensor ranging 
from 0.2% to 3.7%. 


d. Sensitivity levels based on time of day. 


B. Photoelectric Smoke Detectors: 
1. Detector address shall be accessible from fire-alarm control unit and shall 


be able to identify the detector's location within the system and its sensitivity 
setting. 


2. An operator at fire-alarm control unit, having the designated access level, 
shall be able to manually access the following for each detector: 
a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 


C. Duct Smoke Detectors: Photoelectric type complying with UL 268A. 
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1. Detector address shall be accessible from fire-alarm control unit and shall 
be able to identify the detector's location within the system and its sensitivity 
setting. 


2. An operator at fire-alarm control unit, having the designated access level, 
shall be able to manually access the following for each detector: 
a. Primary status. 
b. Device type. 
c. Present average value. 
d. Present sensitivity selected. 
e. Sensor range (normal, dirty, etc.). 


3. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed 
for use with the supplied detector for smoke detection in HVAC system 
ducts. 


4. Each sensor shall have multiple levels of detection sensitivity. 
5. Sampling Tubes: Design and dimensions as recommended by manufacturer 


for specific duct size, air velocity, and installation conditions where applied. 
6. Relay Fan Shutdown: Fully programmable relay rated to interrupt fan motor-


control circuit. 


2.7 PROJECTED BEAM SMOKE DETECTORS 


A. Projected Beam Light Source and Receiver: Designed to accommodate small 
angular movements and continue to operate and not cause nuisance alarms. 


B. Detector Address: Accessible from fire-alarm control unit and able to identify the 
detector's location within the system and its sensitivity setting. 


C. An operator at fire-alarm control unit, having the designated access level, shall be 
able to manually access the following for each detector: 
1. Primary status. 
2. Device type. 
3. Present average value. 
4. Present sensitivity selected. 
5. Sensor range (normal, dirty, etc.). 


2.8 HEAT DETECTORS 


A. General Requirements for Heat Detectors: Comply with UL 521. 
1. Temperature sensors shall test for and communicate the sensitivity range of 


the device. 


B. Heat Detector, Combination Type: Actuated by either a fixed temperature of 135 
deg F or a rate of rise that exceeds 15 deg F per minute unless otherwise indicated. 
1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 
2. Integral Addressable Module: Arranged to communicate detector status 


(normal, alarm, or trouble) to fire-alarm control unit. 


2.9 NOTIFICATION APPLIANCES 


A. General Requirements for Notification Appliances: Connected to notification-
appliance signal circuits, zoned as indicated, equipped for mounting as indicated, 
and with screw terminals for system connections. 
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1. Combination Devices: Factory-integrated audible and visible devices in a 
single-mounting assembly, equipped for mounting as indicated, and with 
screw terminals for system connections. 


B. Chimes, Low-Level Output: Vibrating type, 75-dBA minimum rated output. 


C. Chimes, High-Level Output: Vibrating type, 81-dBA minimum rated output. 


D. Horns: Electric-vibrating-polarized type, 24-V dc; with provision for housing the 
operating mechanism behind a grille. Comply with UL 464. Horns shall produce a 
sound-pressure level of 90 dBA, measured 10 feet from the horn, using the coded 
signal prescribed in UL 464 test protocol. 


E. Visible Notification Appliances: Xenon strobe lights complying with UL 1971, with 
clear or nominal white polycarbonate lens mounted on an aluminum faceplate. The 
word "FIRE" is engraved in minimum 1-inch- high letters on the lens. 
1. Rated Light Output: 


a. 15/30/75/110 cd, selectable in the field. 
2. Mounting: Wall mounted unless otherwise indicated. 
3. For units with guards to prevent physical damage, light output ratings shall 


be determined with guards in place. 
4. Flashing shall be in a temporal pattern, synchronized with other units. 
5. Strobe Leads: Factory connected to screw terminals. 
6. Mounting Faceplate: Factory finished, white. 


2.10 MAGNETIC DOOR HOLDERS 


A. Description: Units are equipped for wall or floor mounting as indicated and are 
complete with matching doorplate. 
1. Electromagnets: Require no more than 3 W to develop 25-lbf holding force. 
2. Wall-Mounted Units: Flush mounted unless otherwise indicated. 
3. Rating: 120-V ac. 


B. Material and Finish: Match door hardware. 


2.11 GRAPHIC ANNUNCIATOR 


A. Graphic Annunciator Workstation: PC-based, with fire-alarm annunciator software 
with historical logging, report generation, and a graphic interface showing all alarm 
points in the system. PC with operating system software, digital display monitor, with 
wireless keyboard and mouse. 


2.12 REMOTE ANNUNCIATOR 


A. Description: Annunciator functions shall match those of fire-alarm control unit for 
alarm, supervisory, and trouble indications. Manual switching functions shall match 
those of fire-alarm control unit, including acknowledging, silencing, resetting, and 
testing. 
1. Mounting:  Flush cabinet, NEMA 250, Type 1. 


B. Display Type and Functional Performance: Alphanumeric display and LED indicating 
lights shall match those of fire-alarm control unit. Provide controls to acknowledge, 
silence, reset, and test functions for alarm, supervisory, and trouble signals. 
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2.13 ADDRESSABLE INTERFACE DEVICE 


A. General: 
1. Include address-setting means on the module. 
2. Store an internal identifying code for control panel use to identify the module 


type. 
3. Listed for controlling HVAC fan motor controllers. 


B. Monitor Module: Microelectronic module providing a system address for alarm-
initiating devices for wired applications with normally open contacts. 


C. Integral Relay: Capable of providing a direct signal to elevator controller to initiate 
elevator recall and to circuit-breaker shunt trip for power shutdown. 
1. Allow the control panel to switch the relay contacts on command. 
2. Have a minimum of two normally open and two normally closed contacts 


available for field wiring. 
 


D. Control Module: 
1. Operate notification devices. 
2. Operate solenoids for use in sprinkler service. 


2.14 DIGITAL ALARM COMMUNICATOR TRANSMITTER 


A. Digital alarm communicator transmitter shall be acceptable to the remote central 
station and shall comply with UL 632. 


B. Functional Performance: Unit shall receive an alarm, supervisory, or trouble signal 
from fire-alarm control unit and automatically capture one telephone line  and dial a 
preset number for a remote central station. When contact is made with central 
station(s), signals shall be transmitted. If service on either line is interrupted for 
longer than 45 seconds, transmitter shall initiate a local trouble signal and transmit 
the signal indicating loss of telephone line to the remote alarm receiving station over 
the remaining line. Transmitter shall automatically report telephone service 
restoration to the central station. If service is lost on both telephone lines, transmitter 
shall initiate the local trouble signal. 


C. Local functions and display at the digital alarm communicator transmitter shall 
include the following: 
1. Verification that both telephone lines are available. 
2. Programming device. 
3. LED display. 
4. Manual test report function and manual transmission clear indication. 
5. Communications failure with the central station or fire-alarm control unit. 


D. Digital data transmission shall include the following: 
1. Address of the alarm-initiating device. 
2. Address of the supervisory signal. 
3. Address of the trouble-initiating device. 
4. Loss of ac supply. 
5. Loss of power. 
6. Low battery. 
7. Abnormal test signal. 







SAN DIEGO STATE UNIVERSITY         SECTION 283111 
EIS COMPLEX                        DIGITAL, ADDRESABLE FIRE ALARM SYSTEM 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


 283111 - 15 Michael Wall Engineering 


8. Communication bus failure. 


E. Secondary Power: Integral rechargeable battery and automatic charger. 


F. Self-Test: Conducted automatically every 24 hours with report transmitted to central 
station. 


2.15 SYSTEM PRINTER 


A. Printer shall be listed and labeled as an integral part of fire-alarm system. 


2.16 DEVICE GUARDS 


A. Description: Welded wire mesh of size and shape for the manual station, smoke 
detector, gong, or other device requiring protection. 
1. Factory fabricated and furnished by device manufacturer. 
2. Finish: Paint of color to match the protected device. 


2.17 SYSTEM DESCRIPTION 


A. General: Provide a complete, non-coded, addressable/conventional, 
microprocessor-based fire alarm system with initiating devices, notification 
appliances, and monitoring and control devices as indicated on the drawings and as 
specified herein. 


B. Power Requirements 
1. The system shall support NAC Lockout feature to prevent subsequent 


activation of Notification Appliance Circuits after a Depleted Battery 
condition occurs in order to make use of battery reserve for front panel 
annunciation and control. 


2. The system shall support 100% of addressable devices in alarm or operated 
at the same time, under both primary (AC) and secondary (battery) power 
conditions. 


2.18 SYSTEMS OPERATIONAL DESCRIPTION 


A. Fire-alarm signal initiation shall be by one or more of the following devices and 
systems: 
1. Manual stations. 
2. Heat detectors. 
3. Smoke detectors. 
4. Duct smoke detectors. 
5. Automatic sprinkler system water flow. 
6. Fire standpipe system. 
7. Fire pump running. 


B. Fire-alarm signal shall initiate the following actions: 
1. Continuously operate alarm notification appliances. 
2. Identify alarm and specific initiating device at fire-alarm control 


unit, connected network control panels, off-premises network control 
panels, and remote annunciators. 


3. Transmit an alarm signal to the remote alarm receiving station. 
4. Unlock electric door locks in designated egress paths. 
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5. Release fire and smoke doors held open by magnetic door holders. 
6. Activate voice/alarm communication system. 
7. Switch heating, ventilating, and air-conditioning equipment controls to fire-


alarm mode. 
8. Close smoke dampers in air ducts of designated air-conditioning duct 


systems. 
9. Recall elevators to primary or alternate recall floors. 
10. Activate elevator power shunt trip. 
11. Activate emergency lighting control. 
12. Record events in the system memory. 
13. Record events by the system printer. 
14. Indicate device in alarm on the graphic annunciator. 


C. Supervisory signal initiation shall be by one or more of the following devices and 
actions: 
1. Valve supervisory switch. 
2. High- or low-air-pressure switch of a dry-pipe or preaction sprinkler system. 
3. Elevator shunt-trip supervision. 
4. Fire pump running. 
5. Fire-pump loss of power. 
6. Fire-pump power phase reversal. 
7. Independent fire-detection and -suppression systems. 
8. User disabling of zones or individual devices. 
9. Loss of communication with any panel on the network. 


D. System trouble signal initiation shall be by one or more of the following devices and 
actions: 
1. Open circuits, shorts, and grounds in designated circuits. 
2. Opening, tampering with, or removing alarm-initiating and supervisory 


signal-initiating devices. 
3. Loss of communication with any addressable sensor, input module, relay, 


control module, remote annunciator, printer interface, or Ethernet module. 
4. Loss of primary power at fire-alarm control unit. 
5. Ground or a single break in internal circuits of fire-alarm control unit. 
6. Abnormal ac voltage at fire-alarm control unit. 
7. Break in standby battery circuitry. 
8. Failure of battery charging. 
9. Abnormal position of any switch at fire-alarm control unit or annunciator. 
10. Voice signal amplifier failure. 


E. System Supervisory Signal Actions: 
1. Initiate notification appliances. 
2. Identify specific device initiating the event at fire-alarm control 


unit, connected network control panels, off-premises network control 
panels, and remote annunciators. 


3. Record the event on system printer. 
4. After a time delay of 200 seconds, transmit a trouble or supervisory signal to 


the remote alarm receiving station. 
5. Transmit system status to building management system. 
6. Display system status on graphic annunciator. 
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2.19 MAINTENANCE SERVICE 


A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance 
service shall include 12 months' full maintenance by skilled employees of 
manufacturer's designated service organization. Include preventive maintenance, 
repair or replacement of worn or defective components, lubrication, cleaning, and 
adjusting as required for proper operation. Parts and supplies shall be 
manufacturer's authorized replacement parts and supplies. 
1. Include visual inspections according to the "Visual Inspection Frequencies" 


table in the "Testing" paragraph of the "Inspection, Testing and 
Maintenance" chapter in NFPA 72. 


2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the 
"Inspection, Testing and Maintenance" chapter in NFPA 72. 


3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph 
of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 


B. Smoke Detectors: A maintenance and testing service providing the following shall be 
included with the base bid: 
1. Biannual sensitivity reading and logging for each smoke sensor. 
2. Scheduled biannual threshold adjustments to maintain proper sensitivity for 


each smoke sensor. 
3. Threshold adjustment to any smoke sensor that has alarmed the system 


without the presence of particles of combustion. 
4. Scheduled biannual cleaning or replacement of each smoke detector or 


sensor within the system. 
5. Semi-annual functional testing of each smoke detector or sensor using the 


manufacturers' calibrated test tool. 
6. Written documentation of all testing, cleaning, replacing, threshold 


adjustment, and sensitivity reading for each smoke detector or sensor 
device within the system. 


7. The initial service included in the bid price shall provide the above listed 
procedures for a period of five years after owner acceptance of the system. 


2.20 SOFTWARE SERVICE AGREEMENT 


A. Comply with UL 864. 


B. Technical Support: Beginning at Substantial Completion, service agreement shall 
include software support for two years. 


C. Upgrade Service: At Substantial Completion, update software to latest version. 
Install and program software upgrades that become available within two years from 
date of Substantial Completion. Upgrading software shall include operating system 
and new or revised licenses for using software. 
1. Upgrade Notice: At least 30 days to allow Owner to schedule access to 


system and to upgrade computer equipment if necessary. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas and conditions for compliance with requirements for ventilation, 
temperature, humidity, and other conditions affecting performance of the Work. 
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1. Verify that manufacturer's written instructions for environmental conditions 
have been permanently established in spaces where equipment and wiring 
are installed, before installation begins. 


B. Examine roughing-in for electrical connections to verify actual locations of 
connections before installation. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


3.2 EQUIPMENT INSTALLATION 


A. Comply with NFPA 72, NFPA 101, and requirements of authorities having 
jurisdiction for installation and testing of fire-alarm equipment. Install all electrical 
wiring to comply with requirements in NFPA 70 including, but not limited to, 
Article 760, "Fire Alarm Systems." 
1. Devices placed in service before all other trades have completed cleanup 


shall be replaced. 
2. Devices installed but not yet placed in service shall be protected from 


construction dust, debris, dirt, moisture, and damage according to 
manufacturer's written storage instructions. 


B. Install wall-mounted equipment, with tops of cabinets not more than 78 inches above 
the finished floor. 
1. Comply with requirements for seismic-restraint devices specified in 


Section 260548.16 "Seismic Controls for Electrical Systems." 


C. Manual Fire-Alarm Boxes: 
1. Install manual fire-alarm box in the normal path of egress within 60 inches of 


the exit doorway. 
2. Mount manual fire-alarm box on a background of a contrasting color. 
3. The operable part of manual fire-alarm box shall be between 42 inches and 


48 inches above floor level. All devices shall be mounted at the same height 
unless otherwise indicated. 


D. Smoke- or Heat-Detector Spacing: 
1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating 


Devices" chapter in NFPA 72, for smoke-detector spacing. 
2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating 


Devices" chapter in NFPA 72, for heat-detector spacing. 
3. Smooth ceiling spacing shall not exceed 30 feet. 
4. Spacing of detectors for irregular areas, for irregular ceiling construction, 


and for high ceiling areas shall be determined according to Annex A or 
Annex B in NFPA 72. 


5. HVAC: Locate detectors not closer than 36 inches from air-supply diffuser or 
return-air opening. 


6. Lighting Fixtures: Locate detectors not closer than 12 inches from any part 
of a lighting fixture and not directly above pendant mounted or indirect 
lighting. 


E. Install a cover on each smoke detector that is not placed in service during 
construction. Cover shall remain in place except during system testing. Remove 
cover prior to system turnover. 
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F. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling 
tubes so they extend the full width of duct. Tubes more than 36 inches long shall be 
supported at both ends. 
1. Do not install smoke detector in duct smoke-detector housing during 


construction. Install detector only during system testing and prior to system 
turnover. 


G. Elevator Shafts: Coordinate temperature rating and location with sprinkler rating and 
location. Do not install smoke detectors in sprinklered elevator shafts. 


H. Remote Status and Alarm Indicators: Install in a visible location near each smoke 
detector, sprinkler water-flow switch, and valve-tamper switch that is not readily 
visible from normal viewing position. 


I. Audible Alarm-Indicating Devices: Install not less than 6 inches below the ceiling. 
Install bells and horns on flush-mounted back boxes with the device-operating 
mechanism concealed behind a grille. Install all devices at the same height unless 
otherwise indicated. 


J. Visible Alarm-Indicating Devices: Install adjacent to each alarm bell or alarm horn 
and at least 6 inches below the ceiling. Install all devices at the same height unless 
otherwise indicated. 


K. Device Location-Indicating Lights: Locate in public space near the device they 
monitor. 


3.3 PATHWAYS 


A. Pathways shall be installed in EMT. 


B. Exposed EMT shall be painted red enamel. 


3.4 FIELD QUALITY CONTROL 


A. Field tests shall be witnessed by authorities having jurisdiction. 


B. Manufacturer's Field Service: Engage a factory-authorized service representative to 
test and inspect components, assemblies, and equipment installations, including 
connections. 


C. Perform the following tests and inspections with the assistance of a factory-
authorized service representative: 
1. Visual Inspection: Conduct visual inspection prior to testing. 


a. Inspection shall be based on completed record Drawings and 
system documentation that is required by the "Completion 
Documents, Preparation" table in the "Documentation" section of 
the "Fundamentals" chapter in NFPA 72. 


b. Comply with the "Visual Inspection Frequencies" table in the 
"Inspection" section of the "Inspection, Testing and Maintenance" 
chapter in NFPA 72; retain the "Initial/Reacceptance" column and 
list only the installed components. 


2. System Testing: Comply with the "Test Methods" table in the "Testing" 
section of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 
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3. Before energizing the cables and wires, check for correct connections and 
test for short circuits, ground faults, continuity, and insulation. 


4. Close each sprinkler system flow valve and verify proper supervisory alarm 
at the ACP. 


5. Verify activation of all waterflow switches. 
6. Open initiating device circuits and verify that the trouble signal actuates. 
7. Open and short signaling line circuits and verify that the trouble signal 


actuates. 
8. Ground all circuits and verify response of trouble signals. 
9. Check installation, supervision, and operation of all intelligent smoke and 


heat detectors. 
10. Each of the alarm conditions that the system is required to detect should be 


introduced on the system. Verify the proper receipt and the proper 
processing of the signal at the ACP and the correct activation of the control 
points. 


11. Test audible appliances for the public operating mode according to 
manufacturer's written instructions. Perform the test using a portable sound-
level meter complying with Type 2 requirements in ANSI S1.4. 


12. Test audible appliances for the private operating mode according to 
manufacturer's written instructions. 


13. Test visible appliances for the public operating mode according to 
manufacturer's written instructions. 


14. Factory-authorized service representative shall prepare the "Fire Alarm 
System Record of Completion" in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72 and the "Inspection and Testing Form" 
in the "Records" section of the "Inspection, Testing and Maintenance" 
chapter in NFPA 72. 


D. Reacceptance Testing: Perform reacceptance testing to verify the proper operation 
of added or replaced devices and appliances. 


E. Fire-alarm system will be considered defective if it does not pass tests and 
inspections. 


F. Prepare test and inspection reports. 
 


1. Detectors shall not be installed until the cleanup of all trades is completed 
and final (2013 NFPA 72 Section 17.7.1.11). 


2. Upon competition of the installation of the fire alarm system, a satisfactory 
test of the system shall be made in the presence of the State Fire Marshal. 


 


G. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, 
monthly, quarterly, and semiannual periods. Use forms developed for initial tests 
and inspections. 


H. Annual Test and Inspection: One year after date of Substantial Completion, test fire-
alarm system complying with visual and testing inspection requirements in NFPA 72. 
Use forms developed for initial tests and inspections. 
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3.5 FINAL INSPECTION 


A. At the final inspection, a factory trained representative of the manufacturer of the 
major equipment shall demonstrate that the system functions properly in every 
respect. 


3.6 INSTRUCTION 


A. Instruction shall be provided as required for operating the system. Hands-on 
demonstrations of the operation of all system components and the entire system 
including program changes and functions shall be provided. 


B. The contractor and/or the systems manufacturer's representatives shall provide a 
typewritten "Sequence of Operation." 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplemen-
tary Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 
1. Fire alarm wire and cable. 


1.3 ADMINISTRATIVE REQUIREMENTS 


A. Coordinate layout and installation of electronic safety and security cabling with 
Owner's telecommunications and LAN equipment and service suppliers. 


B. Coordinate telecommunications outlet/connector locations with location of power re-
ceptacles at each work area. 


1.4 ACTION SUBMITTALS 


A. Product Data: For each type of product. 


B. Shop Drawings: 
1. System Labeling Schedules: Electronic copy of labeling schedules, in soft-


ware and format selected by Owner. 
2. Cabling administration drawings and printouts. 


1.5 INFORMATIONAL SUBMITTALS 


A. Qualification Data: For qualified layout technician, installation supervisor, and field 
inspector. 


PART 2 - PRODUCTS 


2.1 PERFORMANCE REQUIREMENTS 


A. Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified test-
ing agency. Identify products with appropriate markings of applicable testing agency. 
1. Flame-Spread Index:  25 or less. 
2. Smoke-Developed Index:  50 or less. 


B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 
CEC, by a qualified testing agency, and marked for intended location and applica-
tion. 


2.2 FIRE ALARM WIRE AND CABLE 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Allied Wire & Cable Inc. 
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2. Superior Essex Inc. 
3. West Penn Wire. 


B. General Wire and Cable Requirements: NRTL listed and labeled as complying with 
CEC, Article 760. 


C. Signaling Line Circuits: Twisted, shielded pair, No. 18 AWG. 
1. Circuit Integrity Cable: Twisted shielded pair, CEC, Article 760, Classifica-


tion CI, for power-limited fire alarm signal service Type FPL. NRTL listed 
and labeled as complying with UL 1424 and UL 2196 for a two-hour rating. 


D. Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, 
color-coded insulation, and complying with requirements in UL 2196 for a two-hour 
rating. 
1. Low-Voltage Circuits: No. 16 AWG, minimum, in pathway. 
2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway. 


2.3 IDENTIFICATION PRODUCTS 


A. Products: Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to the following: 
1. Brady Corporation. 
2. Panduit Corp. 


B. Comply with requirements in Section 260553 "Identification for Electrical Systems." 


PART 3 - EXECUTION 


3.1 INSTALLATION OF HANGERS AND SUPPORTS 


A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical 
Systems" for installation of supports for cables. 


3.2 FIRE ALARM WIRING INSTALLATION 


A. Comply with NECA 1 and NFPA 72. 


B. Wiring Method: Install wiring in metal pathway according to Section 280528 "Path-
ways for Electronic Safety and Security." 
1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Fire alarm circuits and equipment control wiring associated with the fire 


alarm system shall be installed in a dedicated pathway system. This system 
shall not be used for any other wire or cable. 


C. Wiring Method: 
1. Cables and pathways used for fire alarm circuits, and equipment control wir-


ing associated with the fire alarm system, may not contain any other wire or 
cable. 


2. Fire-Rated Cables: Use of two-hour, fire-rated fire alarm cables, CEC, 
Types MI and CI, is not permitted. 


3. Signaling Line Circuits: Power-limited fire alarm cables shall not be installed 
in the same cable or pathway as signaling line circuits. 
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D. Wiring within Enclosures: Separate power-limited and non-power-limited conductors 
as recommended by manufacturer. Install conductors parallel with or at right angles 
to sides and back of the enclosure. Bundle, lace, and train conductors to terminal 
points with no excess. Connect conductors that are terminated, spliced, or interrupt-
ed in any enclosure associated with the fire alarm system to terminal blocks. Mark 
each terminal according to the system's wiring diagrams. Make all connections with 
approved crimp-on terminal spade lugs, pressure-type terminal blocks, or plug con-
nectors. 


E. Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes, cabi-
nets, or equipment enclosures where circuit connections are made. 


F. Color Coding: Color code fire alarm conductors differently from the normal building 
power wiring. Use one color code for alarm circuit wiring and another for supervisory 
circuits. Color code audible alarm-indicating circuits differently from alarm-initiating 
circuits. Use different colors for visible alarm-indicating devices. Paint fire alarm sys-
tem junction boxes and covers red. 


G. Risers: Install at least two vertical cable risers to serve the fire alarm system. Sepa-
rate risers in close proximity to each other with a minimum one-hour-rated wall, so 
the loss of one riser does not prevent the receipt or transmission of signals from 
other floors or zones. 


H. Wiring to Remote Alarm Transmitting Device: 1-inch conduit between the fire alarm 
control panel and the transmitter. Install number of conductors and electrical super-
vision for connecting wiring as needed to suit monitoring function. 


3.3 CONNECTIONS 


A. Comply with requirements in Section 283111 "Digital, Addressable Fire-Alarm Sys-
tem" for connecting, terminating, and identifying wires and cables. 


3.4 FIRESTOPPING 


A. Comply with requirements in Section 078413 "Penetration Firestopping." 


3.5 GROUNDING 


A. For low-voltage wiring and cabling, comply with requirements in Section 280526 
"Grounding and Bonding for Electronic Safety and Security." 


3.6 IDENTIFICATION 


A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply 
with requirements for identification specified in Section 260553 "Identification for 
Electrical Systems." 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. Remove planting materials within areas of work, including root systems. 


B. Remove existing above and below grade site improvements, including asphalt paving, 
walkways, utility and irrigation system components, and related items.  


C. Protection of existing trees and planting areas as shown on drawings and designated to 
remain. 


D. Clearing and grubbing.  


E. Disconnecting, capping, sealing, and removal of site utilities. 


F. Temporary erosion and sediment control measures. 


1.3 REGULATORY REQUIREMENTS 


A. Conform to applicable jurisdictional authority regulations and codes for disposal of debris. 


B. Coordinate clearing Work with utility companies and Campus Facilities Department, where 
appropriate. 


C. Maintain emergency access ways at all times. 


1.4 REFERENCES 


A. Geotechnical Reports: “Report of Geotechnical Investigation, SDSU Engineering Building, 
San Diego, CA” prepared by Group Delta Consultants, Inc. dated January 28, 2015, and 
any subsequent revisions 


B. Standard Specifications for Public Works Construction ("Green Book"), 2012 Edition  


C. Division 01 Specifications 01151, 01350, 01500, 01510, 01550, 01560, 01570, and 01732.  
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1.5 EXISTING CONDITIONS 


A. Conduct demolition to minimize interference with adjacent buildings.  Maintain protected 
egress and access at all times. 


B. Provide, erect, and maintain temporary barriers and security devices as necessary to 
provide safe pathways, maintaining continuous separation of construction activity from 
areas occupied by pedestrians. 


1.6 COMPENSATION FOR DAMAGED PLANTING 


A. The Owner shall be compensated per requirements specified in the schedule below for all 
trees and shrubs damaged or destroyed.  Compensation shall be deducted from 
Contractor’s progress payments. 


B. Injury is defined, without limitation, as all bruising, scarring, tearing, or breaking of roots, 
branches, or trunk, as defined by Architect. 


C. The total value shown shall be paid to the Owner for a tree or shrub totally destroyed. 


D. The correct pruning or removal of trees or shrubs in whole or in part, as specified in the 
plans, is not subject to the damage provisions under this section. 


E. Repair of damaged tree or shrub will not relieve Contractor of payment for damage. 


1.7 QUALITY ASSURANCE 


A. Contractor Qualifications 


1. Installing Company: Company specializing in demolition and site clearing work, with 
minimum 5 years documented experience in projects of similar scale and scope. 


2. Installing Foreman: Individual specializing in demolition and site clearing work, with 
minimum 5 years documented experience in projects of similar scale and scope. 


B. Conduct a preconstruction on-site with the Owner prior to the start of work.  


 


PART 2 - PRODUCTS 


Not Used 
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PART 3 - EXECUTION 


3.1 SURFACE CONDITIONS  


A. Inspection  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all 
such work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the 
referenced standards.  


3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved.  


3.2 PREPARATION 


A. Verify that existing plant life and features designated to remain are tagged or identified. 


B. Protect existing items which are not indicated to be altered. 


C. Utility and Service Termination 


1. Locate and identify existing utility, service and irrigation system components affected 
by work of this contract.  Review existing record drawings, conduct site 
investigations, contact Underground Service Alert, and implement all other means 
necessary to define the location of underground systems.   


2. Prior to beginning any demolition, properly disconnect and cap all water, gas and 
electrical power supply at appropriate disconnect locations.  Obtain all necessary 
releases and approvals from serving utility companies.  


3. Prior to demolition or disconnect, obtain Owners approval that such system does not 
impact facilities or systems beyond the extent of this contract.  


4. Mark location of disconnected systems.  Identify and indicate stub-out locations on 
Project Record Documents. 


D. Coordinate the time and duration of all system disconnects with Owner. 


E. Protection  


1. Protect utilities that remain, from damage. 


2. Protect trees, plant growth, and features designated to remain per Section 01568. 


3. Protect bench marks and survey control points from damage or displacement during 
construction. 
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3.3 DEMOLITION  


A. General Requirements 


1. Prior to grading, the project area should be cleared of any existing sub-surface 
structures, surface vegetation, A.C., concrete, rubble, trash, pavement, debris, etc.  
Any buried organic debris or other unsuitable contaminated material encountered 
during subsequent excavation and grading work should also be removed.  
Demolition also includes, but is not limited to, surface structures such as signs, sign 
posts & footings, bollards & footings, and light pole bases. 


2. Demolish in an orderly and careful manner.  Protect existing supporting members 
and adjacent finishes. 


3. Remove demolished materials from site as work progresses. Coordinate with Owner 
the time of day and route to remove demolished materials from premises.  Upon 
completion of work, leave areas of work in clean condition. 


4. Remove all buried debris, rubble, trash, or other material not deemed suitable by the 
Soils Engineer. 


5.  Excavations made for removal of any existing footings, utility lines, tanks, and any 
other subterranean structures, if encountered, on the site should be processed and 
backfilled, after removal of the structure, in the following manner: 


a. Clear the excavation bottom and side cuts of all loose and/or disturbed 
material 


b. Prior to placing backfill, the excavation bottom should be moisture conditioned 
to near optimum moisture content and compacted to at least 90 percent of the 
ASTM D-1557 laboratory test standard 


c. Backfill should be placed, moisture conditioned (i.e., watered and/or aerated 
as required and thoroughly mixed to a uniform, near optimum moisture 
content), and compacted by mechanical means in approximate 6 inch lifts.  
The degree of compaction obtained should be at least 90 percent of the 
ASTM D-1557 laboratory test standard 


d. If any of these excavations extend more than 3 feet below the proposed 
subgrade elevation, they should be backfilled with sand slurry (2-sack 
minimum) up to the bottom footing elevation 


e. In the event that unanticipated yielding conditions are encountered at the over 
excavation level, installation of stabilization elements consisting of Tensar BX 
1200 geogrid, 12 inches of ¾-inch washed drain rock, and Mirafi 140 N filter 
fabric may be required.  Detailed recommendations for the stabilization layer 
will be provided based on the on-site conditions encountered during grading 


6. It is critical that any surficial subgrade materials disturbed during initial demolition 
and clearing work be removed and/or recompacted in the course of subsequent site 
preparation earthwork operations 
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7. Fill all voids or excavations resulting from clearing, demolition, or removal of 
vegetation with specified fill material per Section 310000.  Compact soil backfill to 90 
percent relative compaction per ASTM D 1557.  


 


B. Pavement Removal 


1. Remove concrete sidewalk, curb, and aggregate base where required for new 
construction as indicated on the Drawings. 


2. Remove concrete paving by saw-cutting.  Remove concrete paving, curb, and 
aggregate base at locations shown on drawings.  Locate closest adjacent weakened 
plane joint to define start of saw-cutting.  


3. Remove asphalt concrete paving & aggregate base by saw-cutting at locations 
shown on drawings.  Remove asphalt paving and base material from site.  


C. Landscaping and Planting Demolition 


1. Remove grass and grass roots to a minimum depth of two inches below existing 
grade.  Grub all roots to a depth of 12 inches below existing grade.  


2. Remove trees and shrubs not designated to remain.  Remove all stumps.  Remove 
root ball and root systems to a depth of three feet below existing or finished grades, 
whichever is lower.    


3. Discing and mixing of vegetation, trash, debris, and other deleterious materials with 
surface soils prior to grading is not permitted.  


4. Remove all buried debris, rubble, trash, or other material not deemed suitable by the 
Soils Engineer.  


5. Fill all voids or excavations resulting from clearing, demolition, or removal of 
vegetation per Section 310000 and Section 312333. 


6. Re-compact all subgrade materials disturbed during demolition and clearing work in 
accordance with Section 310000.  


D. Site Utilities, Services and Irrigation System Demolition. 


1. Remove conduit and conductors, piping, drains, and other associated system 
components within the area of the work.   


2. Temporarily terminate landscape system components in approved boxes or with 
approved caps, suitable for re-connection or extension.  


3. Locate, identify, disconnect, and seal or cap off utilities indicated to be removed.  


4. Do not interrupt utilities serving facilities occupied by the Owner or others. 


5. Excavate for and remove underground utilities indicated to be removed. 
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E. Relocatable Structures and Fixture and Equipment Removal: 


1. Remove existing relocatable structures as identified and shown on drawings and 
required by Architect.  


2. Remove existing fixtures and equipment as identified and shown on drawings and 
required by Architect.  


3. Verify all service connections to fixtures and equipment designated for removal have 
been properly disconnected.   


4. Remove all conductors from conduit at all abandoned circuits.  


3.4 REMOVAL 


A. Remove debris, rock, and extracted plant life from site and dispose of in accordance with 
the regulations of jurisdictional authority. 


3.5 DUST CONTROL 


A. Provide for dust control under the provisions of the SWPPP.   


B. Maintain all streets and public ways free of dust and mud as directed by local jurisdictional 
authority, including use of wash down and street sweeper equipment. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 


1. Preparing subgrades for slabs-on-grade, walks, pavements and plants. 
2. Excavating and backfilling for buildings and structures. 
3. Drainage course for concrete slabs-on-grade. 
4. Subbase course for concrete walks and pavements. 
5. Subbase course and base course for asphalt paving. 
6. Excavating and backfilling for utility trenches. 


1.3 DEFINITIONS 


A. Backfill:  Soil material used to fill an excavation. 


1. Initial Backfill:  Backfill placed beside and over pipe in a trench, including haunches to 
support sides of pipe. 


2. Final Backfill:  Backfill placed over initial backfill to fill a trench. 


B. Base Course:  Aggregate layer placed between the subbase course and hot-mix asphalt 
paving. 


C. Bedding Course:  Aggregate layer placed over the excavated subgrade in a trench before 
laying pipe. 


D. Borrow Soil:  Satisfactory soil imported from off-site for use as fill or backfill. 


E. Drainage Course:  Aggregate layer supporting the slab-on-grade that also minimizes 
upward capillary flow of pore water. 


F. Excavation:  Removal of material encountered above subgrade elevations and to lines and 
dimensions indicated. 


1. Authorized Additional Excavation:  Excavation below subgrade elevations or beyond 
indicated lines and dimensions as directed by Architect.  Authorized additional 
excavation and replacement material will be paid for according to Contract provisions 
for changes in the Work. 


2. Unauthorized Excavation:  Excavation below subgrade elevations or beyond 
indicated lines and dimensions without direction by Architect.  Unauthorized 
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excavation, as well as remedial work directed by Architect, shall be without additional 
compensation. 


G. Fill:  Soil materials used to raise existing grades. 


H. Structures:  Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical 
and electrical appurtenances, or other man-made stationary features constructed above or 
below the ground surface. 


I. Subbase Course:  Aggregate layer placed between the subgrade and base course for hot-
mix asphalt pavement, or aggregate layer placed between the subgrade and a cement 
concrete pavement or a cement concrete or hot-mix asphalt walk. 


J. Subgrade:  Uppermost surface of an excavation or the top surface of a fill or backfill 
immediately below subbase, drainage fill, drainage course, or topsoil materials. 


K. Utilities:  On-site underground pipes, conduits, ducts, and cables, as well as underground 
services within buildings. 


1.4 QUALITY ASSURANCE 


A. Pre-excavation Conference:  Conduct conference at Project site. 


1.5 PROJECT CONDITIONS 


A. Utility Locator Service:  Notify utility locator service for area where Project is located before 
beginning earth moving operations. 


B. Do not commence earth moving operations until plant-protection measures specified in 
Section 015639 "Temporary Tree and Plant Protection" are in place. 


PART 2 - PRODUCTS 


2.1 SOIL MATERIALS 


A. General:  Provide borrow soil materials when sufficient satisfactory soil materials are not 
available from excavations. 


B. Guidelines to follow Section 310000 and Geotechnical Report: “Report of Geotechnical 
Investigation, SDSU Engineering Building, San Diego, CA” prepared by Group Delta 
Consultants, Inc. dated January 28, 2015, and any subsequent revisions. 


2.2 ACCESSORIES 


A. Warning Tape:  Acid- and alkali-resistant, polyethylene film warning tape manufactured for 
marking and identifying underground utilities, 6 inches (150 mm) wide and 4 mils (0.1 mm) 
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thick, continuously inscribed with a description of the utility; colored to comply with local 
practice or requirements of authorities having jurisdiction. 


B. Detectable Warning Tape:  Acid- and alkali-resistant, polyethylene film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 6 inches (150 
mm) wide and 4 mils (0.1 mm) thick, continuously inscribed with a description of the utility, 
with metallic core encased in a protective jacket for corrosion protection, detectable by 
metal detector when tape is buried up to 30 inches (750 mm) deep; colored to comply with 
local practice or requirements of authorities having jurisdiction. 


PART 3 - EXECUTION 


3.1 PREPARATION 


A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused 
by settlement, lateral movement, undermining, washout, and other hazards created by earth 
moving operations. 


B. Protect and maintain erosion and sedimentation controls during earth moving operations. 


C. Protect subgrades and foundation soils from freezing temperatures and frost.  Remove 
temporary protection before placing subsequent materials. 


3.2 EXCAVATION, GENERAL 


A. Unclassified Excavation:  Excavate to subgrade elevations regardless of the character of 
surface and subsurface conditions encountered.  Unclassified excavated materials may 
include rock, soil materials, and obstructions.  No changes in the Contract Sum or the 
Contract Time will be authorized for rock excavation or removal of obstructions. 


1. If excavated materials intended for fill and backfill include unsatisfactory soil materials 
and rock, replace with satisfactory soil materials. 


3.3 EXCAVATION FOR STRUCTURES 


A. Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1 inch 
(25 mm).  If applicable, extend excavations a sufficient distance from structures for placing 
and removing concrete formwork, for installing services and other construction, and for 
inspections. 


1. Excavations for Footings and Foundations:  Do not disturb bottom of excavation.  
Excavate by hand to final grade just before placing concrete reinforcement.  Trim 
bottoms to required lines and grades to leave solid base to receive other work. 


B. Excavations at Edges of Tree- and Plant-Protection Zones: 
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1. Excavate by hand to indicated lines, cross sections, elevations, and subgrades.  Use 
narrow-tine spading forks to comb soil and expose roots.  Do not break, tear, or chop 
exposed roots.  Do not use mechanical equipment that rips, tears, or pulls roots. 


2. Cut and protect roots according to requirements in Section 015639 "Temporary Tree 
and Plant Protection." 


3.4 EXCAVATION FOR WALKS AND PAVEMENTS 


A. Excavate surfaces under walks and pavements to indicated lines, cross sections, 
elevations, and subgrades. 


3.5 EXCAVATION FOR UTILITY TRENCHES 


A. Excavate trenches to indicated gradients, lines, depths, and elevations. 


B. Excavate trenches to uniform widths to provide the following clearance on each side of pipe 
or conduit.  Excavate trench walls vertically from trench bottom to 12 inches higher than top 
of pipe or conduit unless otherwise indicated. 


1. Clearance:  6 inches each side of pipe or conduit. 


C. Trench Bottoms:  Excavate and shape trench bottoms to provide uniform bearing and 
support of pipes and conduit.  Shape subgrade to provide continuous support for bells, 
joints, and barrels of pipes and for joints, fittings, and bodies of conduits.  Remove 
projecting stones and sharp objects along trench subgrade. 


1. Excavate trenches 6 inches (150 mm) deeper than elevation required in rock or other 
unyielding bearing material, 4 inches (100 mm) deeper elsewhere, to allow for 
bedding course. 


D. Trenches in Tree- and Plant-Protection Zones: 


1. Hand-excavate to indicated lines, cross sections, elevations, and subgrades.  Use 
narrow-tine spading forks to comb soil and expose roots.  Do not break, tear, or chop 
exposed roots.  Do not use mechanical equipment that rips, tears, or pulls roots. 


2. Do not cut main lateral roots or taproots; cut only smaller roots that interfere with 
installation of utilities. 


3. Cut and protect roots according to requirements in Section 015639 "Temporary Tree 
and Plant Protection." 


3.6 SUBGRADE INSPECTION 


A. Proof-roll subgrade below the building slabs and pavements with a pneumatic-tired dump 
truck to identify soft pockets and areas of excess yielding.  Do not proof-roll wet or 
saturated subgrades. 


B. Reconstruct subgrades damaged by freezing temperatures, frost, rain, accumulated water, 
or construction activities, as directed by Architect, without additional compensation. 
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3.7 UNAUTHORIZED EXCAVATION 


A. Fill unauthorized excavation under foundations or wall footings by extending bottom 
elevation of concrete foundation or footing to excavation bottom, without altering top 
elevation.  Lean concrete fill, with 28-day compressive strength of 2500 psi (17.2 MPa), 
may be used when approved by Geotechnical Engineer. 


1. Fill unauthorized excavations under other construction, pipe, or conduit as directed 
by Architect. 


3.8 STORAGE OF SOIL MATERIALS 


A. Stockpile borrow soil materials and excavated satisfactory soil materials without intermixing.  
Place, grade, and shape stockpiles to drain surface water.  Cover to prevent windblown 
dust. 


1. Stockpile soil materials away from edge of excavations.  Do not store within drip line 
of remaining trees. 


3.9 UTILITY TRENCH BACKFILL 


A. Place backfill on subgrades free of mud, frost, snow, or ice. 


B. Place and compact bedding course on trench bottoms and where indicated.  Shape 
bedding course to provide continuous support for bells, joints, and barrels of pipes and for 
joints, fittings, and bodies of conduits. 


C. Trenches under Footings:  Backfill trenches excavated under footings and within 18 inches 
(450 mm of bottom of footings with satisfactory soil; fill with concrete to elevation of bottom 
of footings.  Concrete is specified in "Cast-in-Place Concrete.” 


D. Trenches under Roadways:  Provide 4-inch- (100-mm-) thick, concrete-base slab support 
for piping or conduit less than 30 inches (750 mm) below surface of roadways.  After 
installing and testing, completely encase piping or conduit in a minimum of  4 inches (100 
mm) of concrete before backfilling or placing roadway subbase course.  Concrete is 
specified in "Cast-in-Place Concrete.” 


E. Place and compact initial backfill of  satisfactory soil, free of particles larger than 1 inch (25 
mm) in any dimension, to a height of 12 inches (300 mm) over the pipe or conduit. 


1. Carefully compact initial backfill under pipe haunches and compact evenly up on both 
sides and along the full length of piping or conduit to avoid damage or displacement 
of piping or conduit.  Coordinate backfilling with utilities testing. 


F. Place and compact final backfill of satisfactory soil to final subgrade elevation. 


G. Install warning tape directly above utilities, 12 inches (300 mm) below finished grade, 
except 6 inches (150 mm) below subgrade under pavements and slabs. 
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3.10 SOIL FILL 


A. Plow, scarify, bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so 
fill material will bond with existing material. 


B. Place and compact fill material in layers to required elevations as follows: 


1. Under grass and planted areas, use satisfactory soil material. 
2. Under walks and pavements, use satisfactory soil material. 
3. Under steps and ramps, use engineered fill. 
4. Under building slabs, use engineered fill. 
5. Under footings and foundations, use engineered fill. 


3.11 SOIL MOISTURE CONTROL 


A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill soil layer before 
compaction to within 2 percent of optimum moisture content. 


1. Do not place backfill or fill soil material on surfaces that are muddy, frozen, or contain 
frost or ice. 


2. Remove and replace, or scarify and air dry, otherwise satisfactory soil material that 
exceeds optimum moisture content by 2 percent and is too wet to compact to 
specified dry unit weight. 


3.12 COMPACTION OF SOIL BACKFILLS AND FILLS 


A. Place backfill and fill soil materials in layers not more than 8 inches (200 mm) in loose 
depth for material compacted by heavy compaction equipment, and not more than 4 inches 
(100 mm) in loose depth for material compacted by hand-operated tampers. 


B. Place backfill and fill soil materials evenly on all sides of structures to required elevations, 
and uniformly along the full length of each structure. 


C. Compact soil materials to not less than the following percentages of maximum dry unit 
weight according to ASTM D 1557: 


1. Under structures, building slabs, steps, and pavements, scarify and recompact top 12 
inches (300 mm) of existing subgrade and each layer of backfill or fill soil material at 
95  percent. 


2. Under walkways, scarify and recompact top 6 inches (150 mm) below subgrade and 
compact each layer of backfill or fill soil material at 92 percent. 


3. Under turf or unpaved areas, scarify and recompact top 6 inches (150 mm) below 
subgrade and compact each layer of backfill or fill soil material at 85 percent. 


4. For utility trenches, compact each layer of initial and final backfill soil material at 85  
percent. 
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3.13 GRADING 


A. General:  Uniformly grade areas to a smooth surface, free of irregular surface changes.  
Comply with compaction requirements and grade to cross sections, lines, and elevations 
indicated. 


B. Site Rough Grading:  Slope grades to direct water away from buildings and to prevent 
ponding.  Finish subgrades to required elevations within the following tolerances: 


1. Turf or Unpaved Areas:  Plus or minus 1 inch (25 mm). 
2. Walks:  Plus or minus 1 inch (25 mm). 
3. Pavements:  Plus or minus 1/2 inch (13 mm). 


C. Grading inside Building Lines:  Finish subgrade to a tolerance of 1/2 inch (13 mm)  when 
tested with a 10-foot (3-m) straightedge. 


3.14 SUBBASE AND BASE COURSES UNDER PAVEMENTS AND WALKS 


A. Place subbase course on subgrades free of mud, frost, snow, or ice. 


B. On prepared subgrade, place subbase course and base course under pavements and 
walks as follows: 


1. Shape subbase course and base course to required crown elevations and cross-
slope grades. 


2. Place subbase course and base course that exceeds 6 inches (150 mm) in 
compacted thickness in layers of equal thickness, with no compacted layer more than 
6 inches (150 mm) thick or less than 3 inches (75 mm) thick. 


3. Compact subbase course and base course at optimum moisture content to required 
grades, lines, cross sections, and thickness to not less than 95 percent of maximum 
dry unit weight according to ASTM D 1557. 


3.15 DRAINAGE COURSE UNDER CONCRETE SLABS-ON-GRADE 


A. Place drainage course on subgrades free of mud, frost, snow, or ice. 


B. On prepared subgrade, place and compact drainage course under cast-in-place concrete 
slabs-on-grade as follows: 


1. Place drainage course that exceeds 6 inches (150 mm) in compacted thickness in 
layers of equal thickness, with no compacted layer more than 6 inches (150 mm) 
thick or less than 3 inches (75 mm) thick. 


2. Compact each layer of drainage course to required cross sections and thicknesses to 
not less than 95 percent of maximum dry unit weight according to ASTM D 698. 


3.16 FIELD QUALITY CONTROL 


A. Testing Agency:  Owner will engage a qualified geotechnical engineering testing agency to 
perform tests and inspections. 
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B. Allow testing agency to inspect and test subgrades and each fill or backfill layer.  Proceed 
with subsequent earth moving only after test results for previously completed work comply 
with requirements. 


C. Footing Subgrade:  At footing subgrades, at least one test of each soil stratum will be 
performed to verify design bearing capacities.  Subsequent verification and approval of 
other footing subgrades may be based on a visual comparison of subgrade with tested 
subgrade when approved by Architect. 


D. When testing agency reports that subgrades, fills, or backfills have not achieved degree of 
compaction specified, scarify and moisten or aerate, or remove and replace soil materials to 
depth required; recompact and retest until specified compaction is obtained. 


3.17 PROTECTION 


A. Protecting Graded Areas:  Protect newly graded areas from traffic, freezing, and erosion.  
Keep free of trash and debris. 


B. Repair and reestablish grades to specified tolerances where completed or partially 
completed surfaces become eroded, rutted, settled, or where they lose compaction due to 
subsequent construction operations or weather conditions. 


C. Where settling occurs before Project correction period elapses, remove finished surfacing, 
backfill with additional soil material, compact, and reconstruct surfacing. 


1. Restore appearance, quality, and condition of finished surfacing to match adjacent 
work, and eliminate evidence of restoration to greatest extent possible. 


3.18 DISPOSAL OF SURPLUS AND WASTE MATERIALS 


A. Remove surplus satisfactory soil and waste materials, including unsatisfactory soil, trash, 
and debris, and legally dispose of them off Owner's property. 


END OF SECTION 31 20 00 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. Excavate trenches for utilities and services. 


B. Compacted bedding. 


C. Backfilling and compaction. 


1.3 REFERENCES 


A. ASTM C136 -– Standard Test Method for Sieve Analysis of Fine and Course Aggregates. 


B. ASTM D1556 -– Standard Test Method for Density of Soil in Place by the Sand - Cone 
Method. 


C. ASTM D1557-– Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Modified Effort (56,000 ft-lbf/ft3). 


D. ASTM D2922 -– Standard Density of Soil and Soil-Aggregate in Place by Nuclear Methods 
(Shallow Depth). 


E. ASTM D3017-– Standard Test Method for Water Content of Soil and Rock in Place by 
Nuclear Methods (Shallow Depth) 


F. Green Book - Standard Specifications for Public Works Construction, 2009 Edition. 


G. Geotechnical Reports: “Report of Geotechnical Investigation, SDSU Engineering Building, 
San Diego, CA” prepared by Group Delta Consultants, Inc. dated January 28, 2015, and any 
subsequent revisions. 


1.4 QUALITY ASSURANCE: 


A. Contractor Qualifications 


1. Installing Company: Company specializing in grading and excavation work, with 
minimum 5 years documented experience in projects of similar scale and scope. 


2. Installing Foreman: Individual specializing in grading and excavation work, with 
minimum 5 years documented experience in projects of similar scale and scope. 
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1.5 PROJECT RECORD DOCUMENTS 


A. Submit documents under provisions of Section 017700.  


B. Accurately record location of utilities remaining, rerouted utilities, new utilities by horizontal 
dimensions, elevations or inverts, and slope gradients. 


1.6 PROTECTION 


A. Protect trees, shrubs, lawns, rock outcropping, and other features remaining as portion of 
final landscaping. 


B. Protect benchmarks, existing structures, fences, roads, sidewalks, paving and curbs. 


C. Protect above or below grade utilities, which are to remain. 


1.7 REPAIR 


A. Repair and/or replace all piping, conduits and appurtenances damaged by the work, without 
additional cost to Owner. Architect to be notified immediately of any damage done by work. 


1.8 PUBLIC AGENCY STANDARDS 


A. Perform all work  in accordance with the Regional Standards Drawings as indicated on the 
plans and these specifications and the Standard Specifications for Public Works 
Construction (SSPWC) "Green Book", 2009 Edition 


PART 2 - PRODUCTS 


2.1 BACKFILL MATERIALS 


A. Type C - Class 100-E-100 per Table 201-1.1.2 (Green Book) slurry mix,  as approved by 
Owner and geotechnical engineer. 


B. Type D - Select Backfill: Imported low to very low expansive soils (EI < 20) complying with 
Section 310000. 


2.2 BEDDING MATERIALS 


A. Type A - Crushed Gravel: Angular, natural stone; free of shale, clay, friable material, sand, 
debris; graded within the following limits:  


Sieve Size Percent Passing 
3/4 inch 95 to 100  
No. 4 0 to 10  
No. 100 0  
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B. Type B - Sand: Natural river or bank sand; free of silt, clay, loam, friable or soluble 
materials, or organic matter; maximum particle size and volume of 1/2 inch and 18 percent 
respectively, with minimum Sand Equivalent value of 30 per California Test Method 217. 


C. Type E - Concrete Encasement: Class 480-C-2000 per Table 201-1.1.2,Green Book, as 
approved by Geotechnical Engineer. 


2.3 ACCESSORIES 


A. Detection tape: Provide plastic tape with metallic stripping suitable for locating underground 
piping and conduits.  Provide pre-printed label identifying conduit/pipe type, alternating with 
word "CAUTION".  


2.4 DESIGN CRITERIA  


A. General  


1. All improvements shall be constructed per the referenced standards, the contract 
documents, and as specified in this section. 


2. Where criteria shown on drawings or specified in this specification exceed that of the 
referenced standards, the more stringent criteria shall apply.  


PART 3 - EXECUTION 


3.1 SURFACE CONDITIONS  


A. Inspection  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all such 
work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the 
referenced standards.  


a. Verify that survey benchmark and intended elevations for the Work are as 
indicated. 


b. Identify required lines, levels, contours, and datum. 


c. Identify known utilities.  Stake and flag locations.  


d. Maintain and protect existing utilities remaining which pass through work area. 


e. Verify proposed fill material is acceptable to Geotechnical Engineer. 


f. Where trenching occurs in landscaped areas, verify proposed fill material is 
acceptable to Landscape Architect. 
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3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved.  


3.2 PREPARATION 


A. Identify required lines, levels, contours, and datum. 


1. Provide all staking and field engineering required to implement the work as shown on 
the drawings.   


2. Protect all stakes and benchmarks.  Replace all stakes and benchmarks damaged 
during the course of construction at no cost to Owner. 


3. Set grade stakes using instrument technology.   


4. Provide all equipment of such type, function and design as required to achieve 
specified grades, alignment, and values.   


B. Existing Utility and Services Criteria. 


1. Locate all existing water, sanitary sewer, storm drain, and gas lines, electrical and 
telephone conduit and other underground utilities, including service connections and 
all other underground structures affected by work of this contract.  


2. Review existing record drawings, conduct site investigations, retain qualified 
cable/pipe/line locator services, and implement all other means necessary to define 
the location of underground systems.  Obtain all necessary permits for safety or 
otherwise, and comply with conditions of permit. 


3. Obtain and review all available drawings, notes, and information on the location of 
underground lines and structures in determining the location of the existing facilities. 


4. Prior to demolition or disconnect, obtain Owners approval that such system does not 
impact facilities or systems beyond the extent of this contract.  


5. Pothole utility lines in advance of construction to permit any required adjustment in 
horizontal or vertical location of pipe line.  Submit drawing to Architect showing utility 
line locations.  Backfill pothole, compact and restore surface improvements in 
accordance with these specifications or in accordance with local jurisdiction having 
authority if applicable. 


6. Maintain electronic pipe finder on the job at all times. 


7. Mark all existing lines in advance of trenching operations. 


8. Document any surface defects, by photographic or other approved means, prior to 
conducting trenching operations.  Upon completion of construction, all concrete 
showing non-documented settlement, spalls, gouges, cracks or other defects will be 
evidence of damage by the Contractor's forces.  Repair or replace such damaged 
surfaces to the satisfaction of the Architect. 
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9. Return all surface improvements designated to remain, which are removed for 
excavation, to their original condition, except to comply with other portions of the 
contract. 


10. Prior to commencing trenching, obtain all necessary permits for safety or otherwise, 
and comply with conditions of permit. 


3.3 EXCAVATION 


A. Excavate subsoil required for utilities. 


1. Remove all earth, sand, gravel, water, quicksand, stone, loose rock, solid rock, clay, 
shale, cement, hardpan, boulders, and all other materials necessary to be moved in 
excavating the trench for the designated pipe or conduit. 


2. Maintain the excavation by trench sidewall support systems, including shoring, 
bracing, sheeting or well pointing in compliance with all required regulations. 


3. Remove trench sidewall support systems from trench after installation 


4. Very difficult excavation conditions should be anticipated in the Lindavista Formation 
(Very Old Paralic Deposits) for the excavation of subsurface utility trenches.  Heavy 
ripping, rock-splitting, and/or jack hammering may be necessary to facilitate 
excavation in the Lindavista Formation.  Blasting is not acceptable. 


B. Maximum length of open trench: 


1. Except by permission of the Owner, no open trench is permitted overnight. 


C. Trench Width  


1. Provide trench width as indicated on the drawings. 


2. Provide minimum 12 inches clear excavation between outer surfaces and the trench 
sidewall or bracing at manholes, concrete valve boxes, and similar structures. 


D. Where trench is parallel to footing, do not permit trench bottom below a plane having a 
downward slope of 2:1 (H:V) beginning from a line 9 inches above the bottom of the footing, 
nor closer than 18 inches to face of footing. 


E. Excavate trenches to the depths shown on the drawings, including any required allowances 
for bedding under the pipe, when required, and for the pipe groove. 


1. Temporary, shallow excavations with vertical side slopes less than 4 feet high will 
generally be stable, although there is a potential for localized sloughing.  Vertical 
excavations greater than 4 feet high should not be attempted without proper shoring 
or slotted methods to prevent local instabilities. Shoring may be accomplished with 
hydraulic shores and trench plates, trench boxes, and/or soldier piles and lagging, in 
accordance with CalOSHA regulations.  
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2. Lindavista formational materials and the compacted fill materials may be considered 
Type B and Type C soils, respectively, as defined the current CalOSHA soil 
classification 


F. Rock Considerations:  


1. Remove all rock of any kind, including material requiring removal by use of heavy 
earthwork equipment, or hydro-hammers within limits of excavation and within 12-
inches of all trenching.  Blasting is not acceptable. 


2. There is no “rock clause”, and no additional compensation for the removal of rock, if 
encountered. 


G. Provide cover over the top of the pipe as specified or, if not specified, the minimum cover, 
including any paving, as required by local jurisdiction having authority. 


H. Hand trim excavation.  Hand excavate for pipe joints.  Remove loose matter. 


I. Remove lumped subsoil, boulders, and rock. 


J. Correct unauthorized excavation at no cost to Owner. 


K. Correct areas over-excavated by error in accordance with Section 310000. 


L. Remove excess material not being used from site. 


M. Test and inspect all utility lines prior to backfilling. 


N. Record and verify "As-Built" elevations and locations on Record Drawings prior to backfilling. 


3.4 BEDDING 


A. Place and compact bedding material as shown on drawings, using mechanical methods.  
Water Jetting is not acceptable. 


B. Comply with requirements specified in this Section. 


C. Where concrete encasement is shown, place free of voids and segregation of materials.  
Consolidate as required by Geotechnical Engineer. 


3.5 BACKFILLING 


A. Backfill trenches to finish grade with specified materials to depths and levels indicated in as 
specified in this Section and Section 310000. 


B. Do not backfill over porous, wet, frozen or spongy subgrade surfaces. 


1. Maintain all trenches free from water during the progress of the work. 
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2. When required by weather conditions, provide channel adjacent to pipe, conduct 
water to sump and pump out of trench.  Do not permit water to enter the pipe. 


C. Fill: Place and compact material in continuous layers. 


1. Compact by mechanical means by the use of sheeps-foot rollers, pneumatic tire 
rollers, vibrating rollers, or other mechanical tampers of a size and type necessary to 
achieve the required degree of compaction. 


2. No jetting or water compaction will be allowed. 


3. Backfill in lifts not exceeding 6 inches in compacted thickness. 


4. Compact trenching located in paving areas to 95 percent in the upper 12 inches, and 
90 percent for the remainder. 


5. Compact trenching located in landscaped areas to 90 percent. 


6. Place detection tape at 12 inches above uppermost portion of pipe or conduit. Extend 
in continuous alignment with pipe or conduit.  


D. Employ a placement method that does not disturb or damage foundation perimeter drainage 
or utilities. 


E. Maintain a near optimum moisture content of backfill materials to attain required compaction 
density. 


F. Remove surplus backfill materials from site. 


G. Leave site completely free of excess fill materials. 


H. Slurry Backfill: Place slurry backfill at all trenches located in paved areas as shown on 
drawings and as directed by Geotechnical Engineer. 


3.6 FIELD QUALITY CONTROL 


A. Field inspection and testing will be performed under provisions of Section 014529, and 
conducted by the Owners Geotechnical Engineer. 


B. Perform earthwork under the continuous observation of the Owner's Geotechnical Engineer.  
Trenching fill operations shall comply with the requirements of Part 2, Title 24, CCR. 


C. Tests and analysis of fill material will be performed in accordance with ASTM D1557. 


1. The Geotechnical Engineer will review and approve all fill materials, including on-site 
materials and imported materials.  


2. The Geotechnical Engineer will submit reports to the Architect, DSA, and Engineer, 
comparing results of testing with the requirements of this section and documenting 
location and scope of tested materials.   
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D. Tests and analysis of fill material will be performed in accordance with ASTM D1557. 


E. Compaction testing will be performed in accordance with ASTM D 1556 and ASTM D6938, 
or other requested methods. 


F. If tests indicate Work does not meet specified requirements, remove Work replace and 
retest at no cost to Owner. 


3.7 PROTECTION OF FINISHED WORK 


A. Protect installed Work and provide special protection where specified in individual 
specification Sections. 


B. Provide temporary and removable protection for installed Products. Control activity in 
immediate work area to minimize damage. 


C. Provide protective coverings at manholes or other underground structures or boxes. 


D. Provide and maintain all required dams, screens and collection systems necessary to 
prevent water used in construction operations from damaging adjacent areas.  


E. .Recompact fills subjected to vehicular traffic. 


3.8 SCHEDULE 


A. Concrete Encasement:  


1. On-Site Conduit: Type E concrete as specified and as shown on drawings. 


B. Bedding Fill:  


1. On-Site Piping: Minimum 6 inches below and 12 inches above pipe crown, under the 
haunches and along side the pipe, and per referenced standard.  Type per the 
following: 


a. Storm Drain – Type A wrapped in a non-woven geotextile fabric. 


b. Sanitary Sewer – Type B 


c. Domestic/Reclaimed Water and Fire Service – Type B   


C. Backfill - Unpaved areas: 


1. Type D.  


2. Place in accordance with Section 310000 and as specified in this Section.  


D. Backfill - Paved areas: 


1. Type C slurry mix backfill.  
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2. Place as directed by Owner and geotechnical engineer and as specified in this 
Section.  


END OF SECTION 
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PART 1 - GENERAL 


1.1   RELATED DOCUMENTS 


A. Section 032000:  Reinforcement 
  Section 033000:  Cast-in-place concrete 


B. Unless specified differently herein, all work shall be done in compliance with the 
construction methods and tests and inspections sections of the pier foundations portion of 
the ACI Manual of Concrete Practice (ACI 336.1), Latest Edition. 


1.2 SUMMARY 


A. Provide cast-in-place reinforced concrete piles complete in place as shown on the 
Drawings and specified herein. 


1.3 SUBMITTALS 


A. Comply with pertinent provisions of Section 013300. 


B. Concrete Mix Designs shall be submitted to the University Representative for review and 
approval.  Concrete strength of piles shall be noted on General Notes of drawings. 


C. Reinforcing Shop Drawings shall be submitted to the University’s Representative for 
review and approval.  Refer to Section 032000 for detailed requirements. 


1.4 QUALITY ASSURANCE 


A. Use adequate numbers of skilled workmen thoroughly trained and experienced in the 
necessary crafts and completely familiar with the specified requirements and methods 
needed for proper performance of the work of this Section. 


B. The contractor shall demonstrate successful experience in performing work of a similar 
nature for a period of five years. 


C. In addition to complying with Applicable Code Requirements, comply with 
recommendations of the University’s soil engineer, and obtain approvals from the 
University’s Representative.  The University’s soil engineer's log will be used as the 
official log on which final payment quantities will be based for the work of this section. 


D. Comply with the provisions of Section 014500. 


E. Pre-Installation Meeting:  Conduct meeting at project site to comply with requirements in 
Division 1 Section “Project Management and Coordination”. 


1.5 DELIVERY, STORAGE, AND HANDLING 


A. Comply with pertinent provisions of Section 016100. 


PART 2    -    PRODUCTS 


SEPTEMBER 23, 2016
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2.1 MATERIALS 


A. Reinforcement: 
1. Bars:  Comply with ASTM A706 and, unless otherwise shown on the Drawings, 


use grade 60, with deformed bars for number 3 and larger. 
2. Welded wire fabric:  Comply with ASTM A185. 
3. Bending:  Comply with pertinent provisions of ACI 318. 
4. Unless otherwise shown on drawings, provide reinforcement complying with 


pertinent provisions of Section 032000 of the specifications. 


B. Concrete: 
1. Unless otherwise shown on the Drawings, provide concrete complying with 


pertinent provisions of Section 033000 of these Specifications. 
2. Provide a concrete mix with a slump of 4", with a tolerance of ± 1 inch. 


2.2 OTHER MATERIALS 


A. Provide other materials, not specifically described but required for a complete and proper 
installation, as selected by the Contractor subject to the approval of the University’s 
Representative. 


PART 3    -    EXECUTION 


3.1 SURFACE CONDITIONS 


A. Examine the areas and conditions under which work of this Section will be performed.  
Correct conditions detrimental to timely and proper completion of the Work.  Do not 
proceed until unsatisfactory conditions are corrected. 


3.2 SITE/FIELD CONDITIONS 


A. Length of cast-in-place piles indicated in the construction documents are minimum 
lengths based on the Soils Report.  Pile lengths may be increased due to actual field 
conditions as determined by the University’s Geotechnical Engineer and approved by the 
University’s Representative. 


B. Existing Utilities:  Locate existing underground utilities before excavating drilled piers.  If 
utilities are to remain in place, provide protection from damage during drilled-pier 
operations. 
1. Should uncharted or incorrectly charted piping or other utilities be encountered 


during excavation, adapt drilling procedure if necessary to prevent damage to 
utilities. Cooperate with the University and utility companies in keeping services 
and facilities in operation without interruption.  Repair damaged utilities to 
satisfaction of utility owner.   


C. The University’s Geotechnical Engineer’s log will be used as the official log on which final 
payment quantities will be based for the work of the section. 


3.3 DRILLING 


A. General: 
1. Machine drill the pile shafts to the diameters and lengths shown on the Drawings. 


SEPTEMBER 23, 2016
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2. Locate shafts within 2" of the position shown on the Drawings, and make 
excavations plumb within a tolerance of 1" in 10'-0". 


3. Maintain clear excavations, using necessary equipment to prevent fouling of 
concrete due to inclusion of dirt from the shaft sides while depositing concrete. 


4. Where piles occur in groups, or are spaced closer than four diameters on center, 
drill and fill alternate piles and allow to cure at least eight hours before drilling 
adjacent pile. 


5. Take care not to overdrill piles. 
6. Contractor is responsible to provide shaft liners, as required, in case water is 


encountered during drilling and/or placement of concrete. 


B. Inspections: 
1. Secure inspection of shafts by the University’s Geotechnical Engineer and 


approval of shafts by University’s Representative prior to installing the reinforcing 
and placing concrete. 


2. Provide necessary facilities, including shaft liners and droplights when so 
required, to accommodate required inspections. 


3.4 REINFORCING 


A. Assemble the required reinforcement, securely wiring together, and install in the shaft with 
concrete block spacers. 


B. Unless otherwise shown on drawings, install reinforcement complying with pertinent 
provisions of Section 032000 of the specifications. 


3.5 PLACING CONCRETE 


A. Prior to placing concrete, remove water from the shafts by pumping or other means 
approved by the University’s Representative.  Remove all loose dirt and debris from the 
bottom of the shaft. 


B. Scheduling: 
1. Drill and fill piles with concrete in one continuous operation. 
2. Do not leave pile shafts unfilled except as approved by the University’s 


Representative. 


C. Placing: 
1. Place concrete in piles by the pump method, taking care to ensure that concrete 


does not strike sides of the shaft causing segregation of materials and inclusion 
of dirt. 


2. Support the pump hose with suitable means to allow the hose to hang straight 
down into the shaft. 


3. Limit the concrete to a 5'-0" maximum free fall, with no ricochet off the reinforcing 
steel. 


4. Concrete may be required to be placed with a tremie if water enters the shaft too 
rapidly.  Provide procedure to Structural Engineer Of Record (SEOR) for review, 
and obtain approval from the University’s Representative. 


5. When hot-weather conditions exist that would seriously impair quality and 
strength of concrete, place concrete according to ACI 301 to maintain delivered 
temperature of concrete at no greater than 90 deg. F.  Place concrete 
immediately on delivery. 


 


SEPTEMBER 23, 2016
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D. Caving precautions: 
1. If sides of shaft excavations tend to cave or ravel, provide shaft liners during 


placement of concrete. 
2. Keep the bottom of the liner below the level of fresh concrete and slowly withdraw 


the liner as the shaft is filled. 


E. Vibration: 
1. Have suitable vibration equipment immediately available as approved by the 


University’s Representative. 
2. Vibrate the freshly placed concrete as approved by the University’s 


Representative. 
3. Vibrate as required to assure adequate consolidation along the entire depth of the 


pile. 


F. Protection:  Provide suitable protection around protruding reinforcement steel. 


G. Unless otherwise shown on drawings place concrete complying with pertinent provisions 
of Section 03300 of the specifications. 


3.6 FIELD INSPECTION 


A. Comply with all pertinent provisions of Section 014550.  


B. All excavation and pile drilling operations shall be performed under the observation of a 
representative of the University’s geotechnical engineering firm. 


C. The University’s geotechnical firm shall issue periodic field reports regarding the progress 
of the excavation and pile drilling operations and observations.  Copies shall be 
distributed to the University’s Representative and SEOR. 


D. The University’s geotechnical firm shall issue a final as-built geotechnical report which 
shall include the following: 
1. Observations and tests performed during grading, excavation and installing the 


piles. 
2. Verification of pile lengths and pile locations. 


E. Testing Agency: The University will engage a qualified independent testing and inspecting 
agency to sample materials, perform tests, and submit reports during excavation and 
concrete placement for drilled piers. 


 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES: 


A. Removal, stockpile and placement of topsoil and subsoil. 


B. Excavation, including as required for foundations, slabs-on-grade, paving, and landscaping. 


C. Fill and backfilling to required elevations. 


D. Consolidation and compaction. 


E. Site Contouring. 


1.3 REFERENCES 


A. Geotechnical Report: “Report of Geotechnical Investigation, SDSU Engineering Building, 
San Diego, CA” prepared by Group Delta Consultants, Inc. dated January 28, 2015, and 
any subsequent revisions. 


B. Standard Specifications for Public Works Construction (SSPWC) "Green Book", 2009 
Edition  


C. ASTM C136 - Method for Sieve Analysis of Fine and Course Aggregates. 


D. ASTM D1556 - Test Method for Density of Soil in Place by the Sand - Cone Method. 


E. ASTM D1557 - Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbf/ft3). 


F. ASTM D 2922 - Density of Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow 
Depth). 


G. ASTM D 3017 - Moisture Content of Soil and Rock in Place by Nuclear Methods (Shallow 
Depth) 


1.4 QUALITY ASSURANCE: 


A. Contractor Qualifications 


1. Installing Company: Company specializing in grading and excavation work, with 
minimum 5 years documented experience in projects of similar scale and scope. 
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2. Installing Foreman: Individual specializing in grading and excavation work, with 
minimum 5 years documented experience in projects of similar scale and scope. 


1.5 PROJECT RECORD DOCUMENTS 


A. Submit documents under provisions of Section 017700.  


B. Accurately record location of utilities remaining, rerouted utilities, new utilities by horizontal 
dimensions, elevations or inverts, and slope gradients. 


1.6 PROTECTION 


A. Protect trees, shrubs, lawns, rock outcropping, and other features remaining as portion of 
final landscaping. 


B. Protect benchmarks, existing structures, fences, roads, sidewalks, paving and curbs. 


C. Protect above or below grade utilities, which are to remain. 


1.7 PUBLIC AGENCY STANDARDS 


A. Perform all earthwork and related structures and devices indicated as public agency 
standards in accordance with the Regional Standards Drawings as indicated on the plans 
and these specifications and the Standard Specifications for Public Works Construction 
(SSPWC) "Green Book", 2009 Edition. 


PART 2 - PRODUCTS 


2.1 STRUCTURAL FILL MATERIAL 


A. On-Site Fill Materials: 


1. On-site soils may be approved for use in structural and non-structural areas (i.e., 
landscaping and below the 3-foot pavement capping material).   


2. Limit maximum dimension of rock to 6 inches in any dimension.  


3. Limit maximum dimension of rock to 1 inch in any dimension at all fills located in 
landscaped areas within 12 inches of surface.   


4. Provide soil fill with no more than 35 percent passing the #200 sieve, or otherwise 
approved by Geotechnical Engineer. 


5. The existing asphalt concrete pavement may be pulverized and incorporated into fills 
or used as base material.   
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6. Soils that have an expansion index greater than 20 should not be used within the 
upper 2 feet of finish building pad subgrade, within the upper 2 feet of finish 
hardscape subgrade, or as retaining wall backfill. 


7. During grading operations, soil types other than those evaluated in the geotechnical 
report may be encountered.  The Geotechnical Engineer should be notified to 
evaluate the suitability of these soils for use. 


B. Import Soils 


1. Comply with criteria specified in 2.1.A above, and the following additional 
requirements. 


2. To prevent the importation of contaminated materials to the site, prior to delivery, soil 
materials obtained from off-site sources shall be sampled and tested in compliance 
with CA EPA Department of Toxic Substances Control “Information Advisory, Clean 
Imported Fill Material”, dated October 2001. Results will be submitted to the District 
for approval. Contractor is responsible for all costs in obtaining the appropriate 
documentation, for the District, of any imported materials.  Do not import soils that 
exhibit a known risk to human health, the environment or both.   


3. Expansion Index: very low to low with a maximum value of 20, as measured by 
ASTM D 4829. 


4. A minimum resistivity value greater than 1,000 ohm-centimeters, chloride content of 
less than 500 ppm and sulfate content of less than 1,000 ppm and pH greater than 
5.5 


5. Agricultural Suitability: Obtain approval of Architect of all fill materials used in 
landscaped areas prior to placing, including providing soil test/analysis results. 


6. Use of clay or adobe soil is not acceptable.  


7. Obtain approval of Geotechnical Engineer of all imported fill materials prior to 
delivery on site and prior to placement. 


C. Aggregate Base Course Material: Provide “Crushed Aggregate Base” as per SSPWC 
Section 200-2.2 


D. Controlled Low-Strength Material (CLSM) 


1. CLSM shall be used as fill from bottom of building footings to formational in 
accordance with 3.2.D.  Formational materials shall be undisturbed.   


a. CLSM sand-cement shall comply with Section 201-6 of the Greenbook 
Specifications, with minimum compressive strength of 150-psi. 


b. Aggregates (sand) shall conform to Section 201-6 and 200-1.5 of the 
Greenbook Specifications.   


c. CLSM shall have a maximum slump of 5-inches.  
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d. A set of test cylinders shall be sampled for each 150-cubic yards or fraction 
thereof of CLSM placed per ASTM D 5971.  Compressive strength testing of 
CLSM shall be performed in accordance with ASTM D 4832.  CLSM shall also 
be tested for plastic unti weight in accordance with ASTM C 138.  The plastic 
unit weight shall not deviate more and +/-10% of theoretical unit weight shown 
on approved mix design.   


2.2 PERMEABLE FILL MATERIAL 


A. Permeable Backfill at Retaining Walls:   


1. Characteristics: Natural river or bank sand; free of silt, clay, loam, friable or soluble 
materials, or organic matter. 


2. Graded within the following limits:  


SIEVE SIZE PERCENT PASSING 
1 inch 100  
3/4 inch 90  to  100  
3/8 inch 40  to  100  
No.   4 25  to  40  
No.   8 18 to 33  
No.  30 5  to  15  
No.  50 0  to 7  
No.  200 0  to 3  
 


3. Provide material with sand equivalent exceeding 75. 


B. Base Material at Interior Building Slabs 


1. Characteristics:  Clean, fine graded, granular base material, not contaminated with 
clay, silt, or organic material  


2. Graded within the following limits:  


 SIEVE SIZE PERCENT PASSING 
No. 100 10 to 30 


3. The granular material should be compacted and proof-rolled prior to placement of 
the vapor barrier.  The vapor barrier should be protected from puncture and if 
damaged be repaired per the manufacturer’s recommendations. 


2.3 DESIGN CRITERIA  


A. General  


1. All improvements shall be constructed per the referenced standards, the 
improvement drawings, and as specified in this section. 


2. Where criteria shown on drawings or specified in this specification exceed that of the 
referenced standards, the more stringent criteria shall apply.  
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PART 3 - EXECUTION 


3.1 SURFACE CONDITIONS  


A. Inspection  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all 
such work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the 
referenced standards.  


a. Verify that survey benchmark and intended elevations for the Work are as 
indicated. 


b. Identify required lines, levels, contours, and datum. 


c. Identify known utilities. Stake and flag locations.  


d. Maintain and protect existing utilities remaining which pass through work area. 


e. Verify fill materials to be used are acceptable to Geotechnical engineer. 


f. Prior to placement of fill material in areas where formation is not exposed at 
the bottom of the excavation, verify scarification and compaction of excavated 
surface is complete.  Formational materials should not be scarified or 
compacted. 
 


3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved.  


B. Preparation 


1. Provide all staking and field engineering required to implement the work as shown on 
the drawings.   


2. Protect all stakes and benchmarks.  Replace all stakes and benchmarks damaged 
during the course of construction at no cost to Owner. 


3. Set grade stakes using instrument technology, at 50 foot grid interval at areas with 
gradients greater than 2 percent.   


4. Set grade stakes, using instrument technology, at 25 foot grid interval at areas with 
gradients less than 2 percent.   


5. Provide all equipment of such type, function and design as required to achieve 
specified values.  Where necessary, provide rubber tired and vibratory sheepsfoot 
compaction equipment.  
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C. When the Geotechnical Engineer determines existing soils in excavated areas do not 
provide sufficient bearing capacity or are otherwise unacceptable, remove such soils as 
necessary to expose soils with adequate capacity and characteristics, as approved by the 
Geotechnical Engineer. 


D. Clearing and Grubbing 


1. Where surficial grasses, weeds and other vegetation has grown in areas of work 
previously cleared under Section 311200, remove such vegetation to a minimum 
depth of two inches below existing grade under this contract. 


2. Discing and mixing of vegetation, trash, debris, and other deleterious materials with 
surface soils prior to grading is not permitted.  


3. Remove all buried debris, rubble, trash, or other material not deemed suitable by the 
Geotechnical Engineer.  


3.2 SUBSOIL EXCAVATION 


A. Excavate soil in work areas under this contract as specified in this Section.     


1. Stockpile excavated material for reuse.  Segregate material complying with specified 
criteria as suitable for re-use as compacted structural fill. 


2. Where approved by Geotechnical Engineer, on-site material that does not comply 
with structural fill criteria may be used for earthwork that does not support structures 
or paving.   


3. After completion of grading, remove unsuitable and excess soils from site in 
conformance with the regulations of jurisdictional authority. 


B. Excavate subsoil required to accommodate building foundation, slabs-on-grade, paving, 
landscaped areas, site contouring and site structures. 


1. Excavate to sub-grade elevation as required to accommodate spreading of 
previously removed topsoil in upper 12 inches. 


2. Grade top perimeter of excavation to prevent surface water from draining into, or 
eroding excavation.  


C. Grade surfaces to provide positive drainage and prevent water ponding, prevent drainage 
onto adjoining properties and to implement the work. 


1. Provide all field engineering and layout to construct work as shown on drawings, 
including establishing final grades, slope transitions, drainage paths and swales, and 
related engineering work. 


2. Construct all drainage courses, swales, toes and tops of slopes, and related 
earthwork operations necessary to maintaining drainage and access as shown on 
drawings or required by jurisdictional authority. 







SAN DIEGO STATE UNIVERSITY SECTION 310000 


EIS COMPLEX EARTHWORK 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


310000 - 7 MICHAEL BAKER INTL 


3. Conform to Storm Water Pollution Protection Plan procedures and methods as 
shown on current SWPPP.  Update plan as required.  See Section 015000. 


D. Excavate areas as follows: 


1. Structures, including all buildings and isolated footings  


a. The entire project site is underlain by a layer of compressible and potentially 
expansive fill soil.  Remove the fill soil within the footprints of the proposed 
construction per the sections below. 


b. Excavate and remove existing soils until competent paralic soils or formational 
materials are exposed for all areas that will support structures, improvements, 
or fill.    Excavate laterally a minimum of 5 feet beyond the foundation footprint 
which includes perimeter spread footings for canopy or covered walkway 
structures, and at least 2 feet beyond exterior flatwork areas. 


c. If removals beneath the proposed structures result in transitions from 
formational materials to fill, the formational materials should be over-
excavated to provide a uniform fill thickness beneath the entire structure per 
details shown on plans.   


d. Provide Controlled Low-Strength Material (CLSM) fill from formational to 
bottom of footing per 2.1.D.  


2. All landscaped areas.  


a. Contour site as shown on landscaped drawings and rip existing soils to a 
minimum depth of 1 foot below existing grade or finished soil grade, whichever 
is lower.  


b. Excavate a minimum of 1 foot below finish landscape grade and 2 feet beyond 
landscape edge.  


3. Asphalt and Concrete Paving Areas.   


a. Excavate a minimum of two feet beyond paving edge.  


4. Utilize excavation methods adjacent to existing structures that prevent the loss of 
material from beneath foundations, including concrete underpinning where required. 


5. Rock Considerations:  


a. Remove all rock of any kind, including material requiring removal by use of 
heavy earthwork equipment, or hydro-hammers within limits of excavation and 
within 12-inches of all trenching.  Blasting is not acceptable. 


b. There is no “rock clause”, and no additional compensation for the removal of 
rock, if encountered.  


6. Excavation at the site may produce oversize rock material (greater than 6 inches in 
maximum dimension).  Special handling may be required for this oversize material.  
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Oversize material should either be placed in non-structural or landscape areas or 
hauled off-site.   


3.3 COMPACTION OF EXCAVATED SURFACES 


A. Prepare areas designated to receive subsequent fill and backfill materials, Portland cement 
or asphaltic concrete paving as follows:  


1. Subsequent to removal of the fill soil layer per 3.2.D, areas to receive fill and/or 
surface improvements should be scarified to a minimum depth of 8 inches. 
Scarification and recompaction is not required if competent native soil is exposed at 
the bottom of the excavation.  Stockpile excavated material for non-structural reuse.  
Formational materials should not be scarified. 


2. Water, mix and aerate as necessary to moisture condition to near optimum moisture 
content.  


3. Compact to a relative compaction of 90 percent minimum based on ASTM D 1557, 
for all flatwork areas. 


4. Compact the upper 12 inches to a relative compaction of 95 percent at paving areas 
based on ASTM D 1557 for roadways. 


B. Prepare areas designated to receive landscaping as follows: 


1. Subsequent to removal of the upper 2 feet of unsuitable fill soil layer, areas to 
receive fill and/or surface improvements should be scarified to a minimum depth of 8 
inches. 


2. Water, mix and aerate as necessary to moisture condition within near optimum 
moisture content.  


3. Compact to a relative compaction of 90 percent based on ASTM D 1557. 


C. Fill Placement 


1. Place fill with specified materials at locations as scheduled below. 


a. Provide all cribbing, shoring, and sheathing required to perform work.  Comply 
with all applicable regulations for design, installation, maintenance and 
removal of such construction products, including obtaining any required 
permits.  


2. Do not place fill over porous, wet, or spongy subgrade. 


3. Use equipment and procedures outlined in Green Book, 2009 Edition, Section 300-4 
and as specified. Green Book Section 300-4.9 is not applicable.  


a. Place and compact materials in continuous layers not exceeding 8 inches in 
loose thickness using methods which do not disturb or damage foundations, 
perimeter drainage and waterproofing systems, or utilities in trenches. 
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b. Compact all fill material as scheduled in this Section per ASTM D 1557.  


c. Overfill all slope banks and compact.  After compaction, trim to grade and 
contour as shown on drawings. 


4. Where occurs, place fill concurrently on both sides of foundation elements in 
maximum 8 inch loose layers.  Compact to 90 percent of maximum density per 
ASTM D 1557 with mechanical tampers per Article 3.3.A above. 


5. Compaction by flooding or jetting is prohibited. 


6. Maintain moisture content of fill materials at near or slightly above optimum moisture 
content and as required to attain required compaction density.   


7. Slope grade as shown on drawings. 


8. Make grade changes gradual, blending slope into level areas.  After completion of 
grading operation, proof roll earthwork areas.  Repair low or spongy spots developed 
during rolling operation. 


9. Extend compacted fill to design surfaces of slopes and compact surface. 


10. Remove all excess soils and dispose off site in a legal manner.  


11. Provide all fill material required to achieve grades, slopes and contours as shown on 
drawings at no additional expense to Owner.  


D. Provide dust control as required per this section.  Conform to Storm Water Pollution 
Protection Plan procedures and methods as shown on current SWPPP.  Update plan as 
required.   


3.4 FIELD QUALITY CONTROL 


A. Field inspection will be performed under provisions of Section 014529. 


B. Geotechnical Engineer shall verify the suitability of soil materials.  


C. Field inspection and testing will be performed under provisions of Section 014529, and 
conducted by the Owners Geotechnical Engineer. 


D. Perform earthwork under the continuous observation of the Owner's Geotechnical 
Engineer.  Earthwork fill operations shall comply with the requirements of Part 2, Title 24, 
CCR. 


E. Tests and analysis of fill material will be performed in accordance with ASTM D1557. 


1. The Geotechnical Engineer will review and approve all fill materials, including 
imported materials.  
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2. The Geotechnical Engineer will submit reports to the Architect, DSA, and Engineer, 
comparing results of testing with the requirements of this section and documenting 
location and scope of tested materials.   


F. Compaction testing will be performed in accordance with ASTM D1556 and D6938 or other 
referenced methods. 


G. If tests indicate Work does not meet specified requirements, remove Work, replace and 
retest at no cost to Owner. 


3.5 TOLERANCES 


A. Final elevations shall comply with grades as shown on drawings. 


B. Lawn or unimproved areas: Plus or minus 1 inch. 


C. Walks: Plus or minus 1 inch. 


D. Pavement: Plus or minus 1/2 inch. 


E. Not more than one point within any 50 x 50 foot area shall exceed required elevations, 
measured to a tolerance of plus or minus 0.1 feet.   


3.6 PROTECTION 


A. Protect excavations by methods required to prevent cave-in or loose soil from falling into 
excavation. 


B. Protect finished Work under provisions of Section 015000. 


C. Re-compact fills subjected to vehicular traffic. 


3.7 DUST CONTROL 


A. Provide for dust control under the provisions of Section 015000.   


B. Maintain all streets and public ways free of dust and mud as directed by local jurisdictional 
authority, including use of wash down and street sweeper equipment.   


3.8 FILL SCHEDULE 


A. Structures 


1. Place approved import fill material conforming to Section 2.1- Structural Fill, placed 
to depth as necessary to achieve required subgrade elevations. 


B. Site Contouring areas:  
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1. Place fill materials as required to achieve site grades and profiles as shown on 
drawings and as required for drainage.   


2. In landscaped areas, place stockpiled topsoil as final 12 inches of fill.   


3. Compact the upper 12 inches to a relative compaction of 85 percent and 90 percent 
for the remainder. 


C. Paving Areas. 


1. Place approved imported fill material, placed to depth as necessary to achieve 
required subgrade elevations. 


2. The uppermost 2 feet of fill below base course at paving areas shall be specified 
Structural Fill very low to low expansive fill material (EI<50).  


3. The uppermost 12 inches of fill below base course at paving areas shall be specified 
structural fill material. 


D. Fill to Correct Over-excavation:  


1. Concrete as specified or fill material as directed by, and at the discretion of, the 
Geotechnical Engineer. 


END OF SECTION 
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SECTION 321313 - CONCRETE PAVING 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SUMMARY 


A. Section Includes: 


1. Driveways. 
2. Roadways. 
3. Parking lots. 
4. Curbs and gutters. 
5. Walks. 


1.3 ACTION SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. LEED Submittals: 


1. Product Data for Credit MR 4:  For products having recycled content, documentation 
indicating percentages by weight of postconsumer and preconsumer recycled content.  
Include statement indicating cost for each product having recycled content. 


C. Samples:  For each exposed product and for each color and texture specified. 


D. Other Action Submittals: 


1. Design Mixtures:  For each concrete paving mixture.  Include alternate design mixtures 
when characteristics of materials, Project conditions, weather, test results, or other 
circumstances warrant adjustments. 


1.4 QUALITY ASSURANCE 


A. Ready-Mix-Concrete Manufacturer Qualifications:  A firm experienced in manufacturing ready-
mixed concrete products and that complies with ASTM C 94/C 94M requirements for production 
facilities and equipment. 


B. ACI Publications:  Comply with ACI 301 (ACI 301M) unless otherwise indicated. 
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PART 2 - PRODUCTS 


2.1 STEEL REINFORCEMENT 


A. Recycled Content:  Postconsumer recycled content plus one-half of preconsumer recycled 
content not less than 25 percent. 


B. Plain-Steel Welded Wire Reinforcement:  ASTM A 185/A 185M, fabricated from as-drawn steel 
wire into flat sheets. 


C. Deformed-Steel Welded Wire Reinforcement:  ASTM A 497/A 497M, flat sheet. 


D. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420); deformed. 


E. Plain-Steel Wire:  ASTM A 82/A 82M, as drawn. 


F. Deformed-Steel Wire:  ASTM A 496/A 496M. 


G. Dowel Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420) plain-steel bars; zinc coated 
(galvanized) after fabrication according to ASTM A 767/A 767M, Class I coating.  Cut bars true 
to length with ends square and free of burrs. 


H. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and 
fastening reinforcing bars, welded wire reinforcement, and dowels in place.  Manufacture bar 
supports according to CRSI's "Manual of Standard Practice" from steel wire, plastic, or precast 
concrete of greater compressive strength than concrete specified. 


2.2 CONCRETE MATERIALS 


A. Cementitious Material:  Use the following cementitious materials, of same type, brand, and 
source throughout Project: 


1. Portland Cement:  ASTM C 150, gray portland cement Type II/ Type V.  Supplement with 
the following: 


a. Fly Ash:  ASTM C 618, Class F. 
b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 


2. Blended Hydraulic Cement:  ASTM C 595, Type IP, portland-pozzolan cement. 


B. Normal-Weight Aggregates:  ASTM C 33, conforming to Section 201 of Standard Specifications 
for Public Works uniformly graded.  Provide aggregates from a single source. 


C. Water:  Potable and complying with ASTM C 94/C 94M. 


D. Air-Entraining Admixture:  ASTM C 260. 


E. Chemical Admixtures:  Admixtures certified by manufacturer to be compatible with other 
admixtures and to contain not more than 0.1 percent water-soluble chloride ions by mass of 
cementitious material. 
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F. Color Pigment:  ASTM C 979, synthetic mineral-oxide pigments or colored water-reducing 
admixtures; color stable, free of carbon black, nonfading, and resistant to lime and other alkalis. 


1. Color:  As indicated by manufacturer's designation and as selected by Architect from 
manufacturer's full range. 


2.3 CURING MATERIALS 


A. Absorptive Cover:  AASHTO M 182, Class 3, burlap cloth made from jute or kenaf, weighing 
approximately 9 oz./sq. yd. (305 g/sq. m) dry. 


B. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene sheet. 


C. Water:  Potable. 


D. Evaporation Retarder:  Waterborne, monomolecular, film forming, manufactured for application 
to fresh concrete. 


E. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, 
dissipating. 


F. White, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 2, Class B, 
dissipating. 


2.4 RELATED MATERIALS 


A. Joint Fillers:  ASTM D 1751, asphalt-saturated cellulosic fiber or ASTM D 1752, cork or self-
expanding cork in preformed strips. 


B. Slip-Resistive Aggregate Finish:  Factory-graded, packaged, rustproof, nonglazing, abrasive 
aggregate of fused aluminum-oxide granules or crushed emery aggregate containing not less 
than 50 percent aluminum oxide and not less than 20 percent ferric oxide; unaffected by 
freezing, moisture, and cleaning materials. 


2.5 PAVEMENT MARKINGS 


A. Pavement-Marking Paint:  Latex, waterborne emulsion, lead and chromate free, ready mixed, 
complying with FS TT-P-1952, Type II, with drying time of less than three minutes. 


1. Color:  As indicated. 


B. Pavement-Marking Paint:  MPI #97 Latex Traffic Marking Paint. 


1. Color:  As indicated. 
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2.6 CONCRETE MIXTURES 


A. Prepare design mixtures, proportioned according to ACI 301 (ACI 301M), with the following 
properties: 


1. Compressive Strength (28 Days):  3000 psi (20.7 MPa. 
2. Maximum Water-Cementitious Materials Ratio at Point of Placement:  0.50. 
3. Slump Limit:  4 inches (100 mm, plus or minus 1 inch (25 mm). 
4. Air Content:  3  percent plus or minus 1.5 percent. 


B. Chemical Admixtures:  Use admixtures according to manufacturer's written instructions. 


C. Color Pigment:  Add color pigment to concrete mixture according to manufacturer's written 
instructions. 


2.7 CONCRETE MIXING 


A. Ready-Mixed Concrete:  Measure, batch, and mix concrete materials and concrete according to 
ASTM C 94/C 94M.  Furnish batch certificates for each batch discharged and used in the Work. 


PART 3 - EXECUTION 


3.1 EXAMINATION AND PREPARATION 


A. Proof-roll prepared subbase surface below concrete paving to identify soft pockets and areas of 
excess yielding. 


B. Remove loose material from compacted subbase surface immediately before placing concrete. 


3.2 EDGE FORMS AND SCREED CONSTRUCTION 


A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides to required 
lines, grades, and elevations.  Install forms to allow continuous progress of work and so forms 
can remain in place at least 24 hours after concrete placement. 


B. Clean forms after each use and coat with form-release agent to ensure separation from 
concrete without damage. 


3.3 STEEL REINFORCEMENT 


A. General:  Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and 
supporting reinforcement. 
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3.4 JOINTS 


A. General:  Form construction, isolation, and contraction joints and tool edges true to line, with 
faces perpendicular to surface plane of concrete.  Construct transverse joints at right angles to 
centerline unless otherwise indicated. 


B. Construction Joints:  Set construction joints at side and end terminations of paving and at 
locations where paving operations are stopped for more than one-half hour unless paving 
terminates at isolation joints. 


C. Isolation Joints:  Form isolation joints of preformed joint-filler strips abutting concrete curbs, 
catch basins, manholes, inlets, structures, other fixed objects, and where indicated. 


D. Contraction Joints:  Form weakened-plane contraction joints, sectioning concrete into areas as 
indicated.  Construct contraction joints for a depth equal to at least one-fourth of the concrete 
thickness, to match jointing of existing adjacent concrete paving: 


E. Edging:  After initial floating, tool edges of paving, gutters, curbs, and joints in concrete with an 
edging tool to a 1/4-inch (6-mm) radius.  Repeat tooling of edges after applying surface finishes. 
Eliminate edging-tool marks on concrete surfaces. 


3.5 CONCRETE PLACEMENT 


A. Moisten subbase to provide a uniform dampened condition at time concrete is placed. 


B. Comply with ACI 301 (ACI 301M) requirements for measuring, mixing, transporting, placing, and 
consolidating concrete. 


C. Deposit and spread concrete in a continuous operation between transverse joints.  Do not push 
or drag concrete into place or use vibrators to move concrete into place. 


D. Screed paving surface with a straightedge and strike off. 


3.6 FLOAT FINISHING 


A. General:  Do not add water to concrete surfaces during finishing operations. 


B. Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared and 
concrete surface has stiffened sufficiently to permit operations.  Float surface with power-driven 
floats or by hand floating if area is small or inaccessible to power units.  Finish surfaces to true 
planes.  Cut down high spots and fill low spots.  Refloat surface immediately to uniform granular 
texture. 


1. Burlap Finish:  Drag a seamless strip of damp burlap across float-finished concrete, 
perpendicular to line of traffic, to provide a uniform, gritty texture. 


2. Medium-to-Fine-Textured Broom Finish:  Draw a soft-bristle broom across float-finished 
concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture. 


3. Medium-to-Coarse-Textured Broom Finish:  Provide a coarse finish by striating float-
finished concrete surface 1/16 to 1/8 inch (1.6 to 3 mm) deep with a stiff-bristled broom, 
perpendicular to line of traffic. 
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C. Slip-Resistive Aggregate Finish:  Before final floating, spread slip-resistive aggregate finish on 
paving surface according to manufacturer's written instructions. 


1. Cure concrete with curing compound recommended by slip-resistive aggregate 
manufacturer.  Apply curing compound immediately after final finishing. 


2. After curing, lightly work surface with a steel wire brush or abrasive stone and water to 
expose nonslip aggregate. 


3.7 CONCRETE PROTECTION AND CURING 


A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. 


B. Comply with ACI 306.1 for cold-weather protection. 


C. Evaporation Retarder:  Apply evaporation retarder to concrete surfaces if hot, dry, or windy 
conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and during 
finishing operations.  Apply according to manufacturer's written instructions after placing, 
screeding, and bull floating or darbying concrete but before float finishing. 


D. Begin curing after finishing concrete but not before free water has disappeared from concrete 
surface. 


E. Curing Methods:  Cure concrete by moisture-retaining-cover curing. 


3.8 PAVING TOLERANCES 


A. Comply with tolerances in ACI 117 and as follows: 


1. Elevation:  3/4 inch (19 mm). 
2. Thickness:  Plus 3/8 inch (10 mm), minus 1/4 inch (6 mm). 
3. Surface:  Gap below 10-foot- (3-m-) long, unleveled straightedge not to exceed 1/2 inch 


(13 mm). 
4. Joint Spacing:  3 inches (75 mm). 
5. Contraction Joint Depth:  Plus 1/4 inch (6 mm), no minus. 
6. Joint Width:  Plus 1/8 inch (3 mm), no minus. 


3.9 PAVEMENT MARKING 


A. Allow concrete paving to cure for a minimum of 28 days and be dry before starting pavement 
marking. 


B. Sweep and clean surface to eliminate loose material and dust. 


C. Apply paint with mechanical equipment to produce markings of dimensions indicated with 
uniform, straight edges.  Apply at manufacturer's recommended rates to provide a minimum wet 
film thickness of 15 mils (0.4 mm). 
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3.10 REPAIRS AND PROTECTION 


A. Remove and replace concrete paving that is broken, damaged, or defective or that does not 
comply with requirements in this Section.  Remove work in complete sections from joint to joint 
unless otherwise approved by Architect. 


B. Protect concrete paving from damage.  Exclude traffic from paving for at least 14 days after 
placement.  When construction traffic is permitted, maintain paving as clean as possible by 
removing surface stains and spillage of materials as they occur. 


C. Maintain concrete paving free of stains, discoloration, dirt, and other foreign material.  Sweep 
paving not more than two days before date scheduled for Substantial Completion inspections. 


END OF SECTION 321313 
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PART 1 - GENERAL 


A. Moisten subbase to provide a uniform dampened condition at time concrete is placed.   


B. Do not place concrete around manholes or other structures until they are at required finish elevation 
and alignment. 


C. Comply with ACI 301 requirements for measuring, mixing, transporting, placing, and consolidating 
concrete. 


D. Deposit and spread concrete in a continuous operation between transverse joints.  Do not push or 
drag concrete into place or use vibrators to move concrete into place. 


E. Screed paving surface with a straightedge and strike off. 


F. Commence initial floating using bull floats or darbies to impart an open-textured and uniform surface 
plane before excess moisture or bleed water appears on the surface.  Do not further disturb concrete 
surfaces before beginning finishing operations or spreading surface treatments. 


G. When adjoining pavement lanes are placed in separate pours, do not operate equipment on concrete 
until pavement has attained 85 percent of its 28-day compressive strength. 


H. Cold-Weather Placement:  Comply with ACI 306.1 and as follows.  Protect concrete work from 
physical damage or reduced strength that could be caused by frost, freezing actions, or low 
temperatures. 


1. When air temperature has fallen to or is expected to fall below 40 deg F, uniformly heat water 
and aggregates before mixing to obtain a concrete mixture temperature of not less than 50 
deg F and not more than 80 deg F at point of placement. 


2. Do not use frozen materials or materials containing ice or snow. 
3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or chemical 


accelerators unless otherwise specified and approved in mix designs. 


I. Hot-Weather Placement:  Comply with ACI 301 and as follows when hot-weather conditions exist: 


1. Cool ingredients before mixing to maintain concrete temperature below 90 deg F at time of 
placement.  Chilled mixing water or chopped ice may be used to control temperature, 
provided water equivalent of ice is calculated to total amount of mixing water.  Using liquid 
nitrogen to cool concrete is Contractor's option. 


2. Cover steel reinforcement with water-soaked burlap so steel temperature will not exceed 
ambient air temperature immediately before embedding in concrete. 


3. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep 
subgrade moisture uniform without standing water, soft spots, or dry areas. 


1.2 FLOAT FINISHING 


A. General:  Do not add water to concrete surfaces during finishing operations. 


B. Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared and 
concrete surface has stiffened sufficiently to permit operations.  Float surface with power-driven floats 
or by hand floating if area is small or inaccessible to power units.  Finish surfaces to true planes.  Cut 
down high spots and fill low spots.  Refloat surface immediately to uniform granular texture. 
1. Medium-to-Fine-Textured Broom Finish:  Draw a soft-bristle broom across float-finished 


concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture. 
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1.3 CONCRETE PROTECTION AND CURING 


A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. 


B. Comply with ACI 306.1 for cold-weather protection. 


C. Surface Preparation: 
1. Protect adjacent surfaces not designated to receive curing compound. 
2. Clean and prepare surfaces to receive curing compound in accordance with manufacturer's 


 instructions. 
3. Concrete surface water should be dissipated when used on new concrete 
4. Concrete surfaces should not be marred by walking workers. 


D. Application: 
1. Apply curing compound in accordance with manufacturer's instructions. 
2. Ensure product is mixed for optimum performance.  Avoid aggressive mixing as foaming may 


occur. 
3. Avoid puddling in low areas. 


1.4 PAVING TOLERANCES 


A. Comply with tolerances in ACI 117 and as follows: 


1. Elevation:  1/2 inch. 
2. Thickness:  Plus 3/8 inch, minus 1/4 inch. 
3. Surface:  Gap below 10-foot- long, unleveled straightedge not to exceed 1/2 inch. 
4. Joint Spacing:  3 inches (except where alignment is required). 
5. Contraction Joint Depth:  Plus 1/4 inch, no minus. 
6. Joint Width:  Plus 1/8 inch, no minus. 


1.5 REPAIRS AND PROTECTION 


A. Remove and replace concrete paving that is broken, damaged, or defective or that does not comply 
with requirements in this Section.  Remove work in complete sections from joint to joint unless 
otherwise approved by Architect. 


B. Protect concrete paving from damage.  Exclude traffic from paving for at least 14 days after 
placement.  When construction traffic is permitted, maintain paving as clean as possible by removing 
surface stains and spillage of materials as they occur. 


C. Maintain concrete paving free of stains, discoloration, dirt, and other foreign material.  Sweep paving 
not more than two days before date scheduled for Substantial Completion inspections. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 Summary 


A. It is the intent of the specifications and drawings that the finished system is complete in every respect 
and shall be ready for operation satisfactory to the Owner. 


B. The work shall include all materials, labor, services, transportation, and equipment necessary to 
perform the work as indicated on the drawings, in these specifications, and as necessary to complete 
the contract. 


1.2 Construction Drawings 


A. Due to the scale of the drawings, it is not possible to indicate all offsets, fittings, sleeves, etc. which 
may be required.  The Contractor shall carefully investigate the structural and finished conditions 
affecting all of his work and plan his work accordingly, furnishing such fittings, etc. as may be 
required to meet such conditions.  Drawings are generally diagrammatic and indicative of the work to 
be installed.  The work shall be installed in such a manner as to avoid conflicts between irrigation 
systems, planting, and architectural features. 


B. All work called for on the drawings by notes or details shall be furnished and installed whether or not 
specifically mentioned in the specifications.  When an item is shown on the plans but not shown on 
the specifications or vice versa, it shall be deemed to be as shown on both.  The Landscape 
Architect shall have final authority for clarification. 


C. The Contractor shall not willfully install the irrigation system as shown on the drawings when it is 
obvious in the field that obstructions, grade differences or discrepancies in area dimensions exist that 
might not have been considered in engineering.  Such obstructions or differences should be brought 
to the attention of the Landscape Architect as soon as detected.  In the event this notification is not 
performed, the Irrigation Contractor shall assume full responsibility for any revision necessary. 


1.3 Quality Assurance 


A. Provide at least one English speaking person who shall be present at all times during execution of 
this portion of the work and who shall be thoroughly familiar with the type of materials being installed 
and the manufacturer's recommended methods of installation and who shall direct all work performed 
under this section. 


B. Manufacturer's directions and detailed drawings shall be followed in all cases where the 
manufacturer of articles used in this contract furnish directions covering points not shown in the 
drawings and specifications. 


C. All local, municipal, and state laws, rules and regulations governing or relating to any portion of this 
work are hereby incorporated into and made a part of these specifications, and their provisions shall 
be carried out by the Contractor.  Anything contained in these specifications shall not be construed to 
conflict with any of the above rules and regulations of the same.  However, when these specifications 
and drawings call for or describe materials, workmanship, or construction of a better quality, higher 
standard, or larger size than is required by the above rules and regulations, the provisions of these 
specifications and drawings shall take precedence. 


D. All materials supplied for this project shall be new and free from any defects.  All defective materials 
shall be replaced immediately at no additional cost to Owner. 
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E. The Contractor shall secure the required licenses and permits including payments of charges and 
fees, give required notices to public authorities, verify permits secured or arrangements made by 
others affecting the work of this section. 


1.4 Submittals 


A. Submittals Materials List: 
1. After award of contract and before any irrigation system materials are ordered from suppliers 


or delivered to the job site, submit to the Owner a complete list of all irrigation system 
materials, or processes proposed to be furnished and installed as part of this contract. 


2. The submittals materials list shall include the following information: 
a. A title sheet with the job name, the contractor’s name, contractor’s address and 


telephone number, submittal date and submittal number. 
b. An index sheet showing the item number (i.e. 1,2,3, etc.); an item description (i.e. 


sprinkler head); the manufacturer’s name (i.e. Hunter Industries); the item model 
number (i.e. I-40-ADV/36V); and the page(s) in the submittal set that contain the 
catalog cuts. 


c. The catalog cuts shall be one or two pages copied from the most recent 
manufacturer’s catalog that indicate the product submitted.  Do not submit parts lists, 
exploded diagrams, price lists or other extra information. 


d. The catalog cuts shall clearly indicate the manufacturer’s name and the item model 
number.  The item model number, all specified options and specified sizes shall be 
circled on the catalog cuts. 


e. Submittals for equipment indicated on the legend without manufacturer names, or “as 
approved”, shall contain the manufacturer, Class or Schedule, ASTM numbers and/or 
other certifications as indicated in these specifications. 


3. Submittal materials list format requirements: 
a. Submittals shall be provided as one complete package for the project.  Multiple partial 


submittals will not be reviewed. 
b. Submittal package shall be stapled or bound in such a way as to allow for disassembly 


for review processing.  Submittals shall not have tabs, tab sheets, spiral binding, or 
any other type of binding that will interfere with automated copying of submittals. 


c. Submittal package shall have all pages numbered in the lower right hand corner.  
Page numbers shall correspond with submittal index. 


d. Re-submitted packages must be revised to include only the equipment being re-
submitted.  Equipment previously reviewed and accepted shall not be re-submitted in 
the materials list/index sheet or in the catalog cut sheet package. 


B. Substitutions: If the Irrigation Contractor wishes to substitute any equipment or materials for those 
equipment or materials listed on the irrigation drawings and specifications, he may do so by providing 
the following information to the Landscape Architect or Owner's authorized representative for 
approval. 
1. Provide a written statement indicating the reason for making the substitution. 
2. Provide catalog cut sheets, technical data, and performance information for each substitute 


item. 
3. Provide in writing the difference in installed price if the item is accepted. 


C. The Landscape Architect or Owner’s authorized representative will allow no substitutions without 
prior written acceptance. 


D. Manufacturer's warranties shall not relieve the Contractor of his liability under the guarantee.  Such 
warranties shall only supplement the guarantee. 


E. The Landscape Architect or Owner’s authorized representative will not review the submittal package 
unless provided in the format described above. 
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1.5 Existing Conditions  


A. The Contractor shall verify and be familiar with the locations, size and detail of points of connection 
provided as the source of water, electrical supply, and telephone line connection to the irrigation 
system. 


B. Irrigation design is based on the available static water pressure shown on the drawings. Contractor 
shall verify static water on the project prior to the start of construction.  Should a discrepancy exist, 
notify the Landscape Architect and Owner's authorized representative prior to beginning construction. 


C. Prior to cutting into the soil, the Contractor shall locate all cables, conduits, sewer septic tanks, and 
other utilities as are commonly encountered underground and he shall take proper precautions not to 
damage or disturb such improvements.  If a conflict exists between such obstacles and the proposed 
work, the Contractor shall promptly notify the Landscape Architect and Owner who will arrange for 
relocations.  The Contractor will proceed in the same manner if a rock layer or any other such 
conditions are encountered. 


D. The Contractor shall protect all existing utilities and features to remain on and adjacent to the project 
site during construction.  Contractor shall repair, at his own cost; all damage resulting from his 
operations or negligence. 


E. The Irrigation Contractor shall coordinate with the General Contractor for installation of required 
sleeving as shown on the plans prior to paving operations.  


F. The Contractor shall verify and be familiar with the existing irrigation systems in areas adjacent to 
and within the Project area of work. 


G. The Contractor shall protect all existing irrigation systems, in areas adjacent to and within the project 
area of work, from damage due to his operations. 


H. Contractor shall notify Owner’s Representative if any existing system is temporarily shut off, capped 
or modified. Provide 48-hour notice, prior to turning off or modifying any existing irrigation system. 


I. The Contractor shall repair or replace all existing irrigation systems, in areas adjacent to and within 
the project area of work, damaged by the construction of this project. Adjacent irrigation systems 
shall be made completely operational and provide complete coverage of the existing landscaped 
areas.  All repairs shall be complete to the satisfaction of the Owner’s Representative. 


J. The contractor shall provide bore holes under any existing pavement or paving encountered for the 
required lateral, mainline and low voltage control wire sleeving.  Bore holes under 2 inches in 
diameter and smaller shall be made with a BulletMole® underground boring tool as manufactured by 
Dimension Tools, LLC (Contact telephone number (888)-650-5554 or at www.bulletmole.com).  Bore 
holes larger than 2 inches in diameter shall be made with an approved mechanical boring tool.  No 
air jacking or hydraulic boring of any kind shall be allowed. 


1.6 Inspections 


A. The Contractor shall permit the Landscape Architect and Owner's authorized representative to visit 
and inspect at all times any part of the work and shall provide safe access for such visits. 


B. Where the specifications require work to be tested by the Contractor, it shall not be covered over until 
accepted by the Landscape Architect, Owner's authorized representative, and/or governing agencies.  
The Contractor shall be solely responsible for notifying the Landscape Architect, Owner, and 
governing agencies, a minimum of 48 hours in advance, where and when the work is ready for 
testing.  Should any work be covered without testing or acceptance, it shall be, if so ordered, 
uncovered at the Contractor's expense. 



http://www.bulletmole.com/
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C. Inspections will be required for the following at a minimum: 
1. Pre-construction meeting. 
2. System layout. 
3. Pressure test of irrigation mainline (Four hours at 125 PSI or 120% of static water pressure, 


whichever is greater.)  Mainline pressure loss during test shall not exceed 2 PSI. 
4. Coverage test of irrigation system.  Test shall be performed prior to any planting. 
5. Final inspection prior to start of maintenance period. 
6. Final acceptance prior to turnover. 


D. Site observations and testing will not commence without the field record drawings as prepared by the 
Irrigation Contractor.  Record drawings must complete and up to date for each site visit. 


E. Work that fails testing and is not accepted will be retested.  Hourly rates and expenses of the 
Landscape Architect, Owner's authorized representative, and governing agencies for re-inspection or 
retesting will be paid by the Irrigation Contractor at no additional expense to Owner. 


1.7 Storage and Handling 


A. Use all means necessary to protect irrigation system materials before, during, and after installation 
and to protect the installation work and materials of all other trades.  In the event of damage, 
immediately make all repairs and replacements necessary to the acceptance of the Landscape 
Architect and Owner and at no additional cost to the Owner. 


B. Exercise care in handling, loading, unloading, and storing plastic pipe and fittings under cover until 
ready to install.  Transport plastic pipe only on a vehicle with a bed long enough to allow the pipe to 
lay flat to avoid undue bending and concentrated external load. 


1.8 Cleanup and Disposal 


A. Dispose of waste, trash, and debris in accordance with applicable laws and ordinances and as 
prescribed by authorities having jurisdiction.  Bury no such waste material and debris on the site.  
Burning of trash and debris will not be permitted.  The Contractor shall remove and dispose of 
rubbish and debris generated by his work and workmen at frequent intervals or when ordered to do 
so by the Owner's authorized representative. 


B. At the time of completion the entire site will be cleared of tools, equipment, rubbish and debris which 
shall be disposed of off-site in a legal disposal area. 


1.9 Turnover Items 


A. Record Drawings: 
1. Record accurately on one set of drawings all changes in the work constituting departures from 


the original contract drawings and the actual final installed locations of all required 
components as shown below. 


2. The record drawings shall be prepared to the satisfaction of the Owner.  Prior to final 
inspection of work, submit record drawings to the Landscape Architect or Owner's authorized 
representative. 


3. All record drawings shall be prepared using AutoCAD 2010 drafting software and the original 
irrigation drawings as a base.  No manual drafted record drawings shall be acceptable.  The 
Contractor may obtain digital base files from the Landscape Architect or Owner's authorized 
representative. 


4. If the Contractor is unable to provide the AutoCAD drafting necessary for the record drawings 
the irrigation designer does provide record drawing drafting as a separate service. 
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5. Prior to final inspection of work, submit record drawings plotted onto vellum sheets for review 
by the Landscape Architect or Owner's authorized representative.  After acceptance by the 
Landscape Architect, City Inspector or Owner’s authorized representative re-plot the record 
drawings onto reproducible Mylar sheets.  The Contractor shall also provide record drawing 
information on a digital AutoCAD Release 2010 drawing file.  All digital files shall be provided 
on a compact disc (CD) clearly marked with the project name, file descriptions and date. 
a. Record drawing information and dimensions shall be collected on a day-to-day basis 


during the installation of the pressure mainline to fully indicate all routing locations and 
pipe depths.  Locations for all other irrigation equipment shall be collected prior to the 
final inspection of the work. 


b. Two dimensions from two permanent points of reference such as buildings, sidewalks, 
curbs, streetlights, hydrants, etc. shall be shown for each piece of irrigation equipment 
shown below.  Where multiple components are installed with no reasonable reference 
point between the components, dimensioning may be made to the irrigation 
equipment.  All irrigation symbols shall be clearly shown matching the irrigation legend 
for the drawings.  All lettering on the record drawings shall be minimum 1/8 inch in 
size. 


6. Show locations and depths of the following items: 
a. Point of connection (including water POC, backflow devices, master control valves, 


flow sensors, etc.) 
b. Routing of sprinkler pressure main lines (dimensions shown at a maximum of 100 feet 


along routing) 
c. Isolation valves 
d. Automatic remote control valves (indicate station number and size) 
e. Quick coupling valves 
f. Drip air relief and flush valves 
g. Routing of control wires where separate from irrigation mainline 
h. Irrigation controllers (indicate controller number and station count) 
i. Related equipment (as may be directed) 


B. Controller Charts: 
1. Provide one controller chart for each automatic controller.  Chart shall show the area covered 


by the particular controller.  The areas covered by the individual control valves shall be 
indicated using colored highlighter pens.  A minimum of six individual colors shall be used for 
the controller chart unless less than six control valves are indicated.  


2. Landscape Architect or Owner's authorized representative must approve record drawings 
before controller charts are prepared. 


3. The chart is to be a reduced copy of the actual "record" drawing. In the event the controller 
sequence is not legible when the drawing is reduced, it shall be enlarged to a readable size. 


4. When completed and approved, the chart shall be hermetically sealed between two pieces of 
plastic, each piece being a minimum 20 mils in thickness. 


C. Operation and Maintenance Manuals: 
1. Two individually bound copies of operation and maintenance manuals shall be delivered to 


the Landscape Architect or Owner's authorized representative at least 10 calendar days prior 
to final inspection.  The manuals shall describe the material installed and the proper operation 
of the system. 


2. Each complete, bound manual shall include the following information: 
3. Index sheet stating Contractor's address and telephone number, duration of guarantee period, 


list of equipment including names and addresses of local manufacturer representatives. 
a. Operating and maintenance instructions for all equipment. 
b. Spare parts lists and related manufacturer information for all equipment. 


D. Equipment:  
1. Supply as a part of this contract the following items: 


a. Two (2) wrenches for disassembly and adjustment of each type of sprinkler head used 
in the irrigation system. 


b. Three 30-inch sprinkler keys for manual operation of control valves. 
c. Two keys for each automatic controller. 
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d. Two quick coupler keys with a 3/4" bronze hose bib, bent nose type with hand wheel 
and two coupler lid keys. 


e. One valve box cover key or wrench. 
f. Six extra sprinkler heads of each size and type. 
g. For specified ball valves if required: One (1) 5-foot long valve handle, to fit the 


specified ball valves. 
2. The above equipment shall be turned over to Owner's authorized representative at the final 


inspection. 


1.10 Completion 


A. At the time of the pre-maintenance period inspection, the Landscape Architect, Owner's authorized 
representative, and governing agencies will inspect the work, and if not accepted, will prepare a list 
of items to be completed by the Contractor.  Punch list to be checked off by contractor and submitted 
to Landscape Architect or Owner’s Authorized representative prior to any follow-up meeting. This 
checked off list to indicate that all punch list items have been completed. At the time of the post-
maintenance period or final inspection the work will be re-inspected and final acceptance will be in 
writing by the Landscape Architect, Owner's authorized representative, and governing agencies. 


B. The Owner's authorized representative shall have final authority on all portions of the work. 


C. After the system has been completed, the Contractor shall instruct Owner's authorized representative 
in the operation and maintenance of the irrigation system and shall furnish a complete set of 
operating and maintenance instructions. 


D. Any settling of trenches which may occur during the one-year period following acceptance shall be 
repaired to the Owner's satisfaction by the Contractor without any additional expense to the Owner.  
Repairs shall include the complete restoration of all damage to planting, paving or other 
improvements of any kind as a result of the work. 


1.11 Guarantee 


A. The entire sprinkler system, including all work done under this contract, shall be unconditionally 
guaranteed against all defects and fault of material and workmanship, including settling of backfilled 
areas below grade, for a period of one (1) year following the filing of the Notice of Completion. 


B. Should any problem with the irrigation system be discovered within the guarantee period, it shall be 
corrected by the Contractor at no additional expense to Owner within ten (10) calendar days of 
receipt of written notice from Owner.  When the nature of the repairs as determined by the Owner 
constitute an emergency (i.e. broken pressure line) the Owner may proceed to make repairs at the 
Contractor's expense.  Any and all damages to existing improvement resulting either from faulty 
materials or workmanship, or from the necessary repairs to correct same, shall be repaired to the 
satisfaction of the Owner by the Contractor, all at no additional cost to the Owner. 


C.  Guarantee shall be submitted on Contractors own letterhead as follows: 
 
GUARANTEE FOR SPRINKLER IRRIGATION SYSTEM 
 
We hereby guarantee that the sprinkler irrigation system we have furnished and installed is free from defects in 
materials and workmanship, and the work has been completed in accordance with the drawings and 
specifications, ordinary wear and tear and unusual abuse, or neglect excepted.  We agree to repair or replace 
any defective material during the period of one year from date of filing of the Notice of Completion and also to 
repair or replace any damage resulting from the repairing or replacing of such defects at no additional cost to 
the Owner.  We shall make such repairs or replacements within 10 calendar days following written notification 
by the Owner.  In the event of our failure to make such repairs or replacements within the time specified after 
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receipt of written notice from Owner, we authorize the Owner to proceed to have said repairs or replacements 
made at our expense and we will pay the costs and charges therefore upon demand. 
 
PROJECT NAME: 
PROJECT LOCATION: 
 
CONTRACTOR NAME: 
ADDRESS: 
 
TELEPHONE: 
 
SIGNED: 
 
DATE: 
 


PART 2 - PRODUCTS 


2.1 Summary 


Use only new materials of the manufacturer, size and type shown on the drawings and specifications.  
Materials or equipment installed or furnished that do not meet Landscape Architect's, Owner's, or 
governing agencies standards will be rejected and shall be removed from the site at no expense to the 
Owner. 


2.2 Pipe 


A. Pressure supply line between the water meter and the backflow prevention device shall be type K 
copper, one size larger than backflow device. 


B. Backflow prevention assemblies, and all other above grade assemblies, shall be constructed of 
threaded brass pipe and threaded brass fittings the same size as the backflow device, unless 
otherwise directed. 


C. Pressure supply lines 2 inches in diameter and up to 3 inches in diameter downstream of backflow 
prevention unit shall be Class 315 solvent weld PVC.  Piping shall conform to ASTM D2241. 


D. Non-pressure lines 3/4 inch in diameter and larger downstream of the remote control valve shall be 
SCH 40 solvent weld PVC conforming to ASTM D1785. 


2.3 Metal Pipe and Fittings 


A. Brass pipe shall be 85 percent red brass, ANSI, IPS Standard 125 pounds, Schedule 40 screwed 
pipe. 


B. Fittings shall be medium brass, screwed 125-pound class. 


C. Copper pipe and fittings shall be Type "K" sweat soldered, or brazed as indicated on the drawings. 
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2.4 Plastic Pipe and Fittings 


A. Pipe shall be marked continuously with manufacturer's name, nominal pipe size, schedule or class, 
PVC type and grade, National Sanitation Foundation approval, Commercial Standards designation, 
and date of extrusion. 


B. All plastic pipe shall be extruded of an improved PVC virgin pipe compound in accordance with 
ASTM D2672, ASTM D2241 or ASTM D1785. 


C. All solvent weld PVC fittings shall be standard weight Schedule 40 (and Schedule 80 where specified 
on the irrigation detail sheet, all mainline fittings shall be Schedule 80 PVC) and shall be injection 
molded of an improved virgin PVC fitting compound.  Slip PVC fittings shall be the "deep socket" 
bracketed type.  Threaded plastic fittings shall be injection molded.  All tees and ells shall be side 
gated.  All fittings shall conform to ASTM D2464 and ASTM D2466. 


D. All threaded nipples shall be standard weight Schedule 80 with molded threads and shall conform to 
ASTM D1785. 


E. All solvent cementing of plastic pipe and fittings shall be a two-step process, using primer and 
solvent cement applied per the manufacturer's recommendations.  Cement shall be of a fluid 
consistency, not gel-like or ropy.  Solvent cementing shall be in conformance with ASTM D2564 and 
ASTM D2855. 


F. When connection is plastic to metal, female adapters shall be hand tightened, plus one turn with a 
strap wrench.  Joint compound shall be non-lead base Teflon paste, tape, or equal. 


G. All pressure mainlines installed with solvent weld PVC fittings shall be installed with concrete thrust 
blocking at all directional changes in the mainline routing.  Concrete thrust blocking shall not be 
required when ductile iron fittings and mechanical restraints are specified. 


2.5 Valves 


A. Ball Valves:  
1. Ball valves shall be of the manufacturer, size, and type indicated on the drawings. 
2. Ball valves shall be constructed of a bronze or stainless steel body, stainless steel ball and 


stem.  Ball valves shall have threaded connections. 
3. All ball valves shall have a minimum working pressure of not less than 150 PSI and shall 


conform to AWWA standards. 


B. Quick Coupler Valves: 
1. Quick coupler valves shall be of the manufacturer, size, and type indicated on the drawings. 
2. Quick coupler valves shall be brass with a wall thickness guaranteed to withstand normal 


working pressure of 150 psi without leakage.  Valves shall have 1” female threads opening at 
base, with two-piece body.  Valves to be operated only with a coupler key, designed for that 
purpose.  Coupler key is inserted into valve and a positive, watertight connection shall be 
made between the coupler key and valve.    


C. Automatic Control Valves: 
1. Automatic control valves shall be of the manufacturer, size, and type indicated on the 


drawings. 
2. Automatic control valves shall be electrically operated. 
3. Provide Christy's valve ID tags for each remote control valve with valve number. 
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2.6 Valve Boxes 


A. Valve boxes shall be fabricated from a durable, weather-resistant plastic material resistant to sunlight 
and chemical action of soils. 


B. The valve box cover shall be green in color and secured with a hidden latch mechanism or bolts. 


C. The cover and box shall be capable of sustaining a load of 1,500 pounds. 


D. Valve box extensions shall be by the same manufacturer as the valve box. 


E. The plastic irrigation valve box cover shall be an overlapping type. 


F. Automatic control valve, master valve, flow sensor, and gate/ball valve boxes shall be 17"x11"x12" 
‘nominal’ rectangular size.  Valve box covers shall be marked "RCV" with the valve identification 
number, or “MV”, “FS”, “GV”, “BV” "heat branded" onto the cover in 1-1/4 inch high letters / numbers. 


G. Drip flush valve and Air relief valve boxes shall be 6" circular size.  Valve box covers shall be marked 
with "FV" or “ARV” "heat branded" onto the cover in 1-1/4 inch high letters. 


H. Quick coupler valve boxes shall be 10" circular size.  Valve box covers shall be marked with "QCV" 
"heat branded" onto the cover in 1-1/4 inch high letters. 


2.7 Automatic Controller 


A. Automatic controller shall be of the manufacturer, size, and type indicated on the drawings. 


B. Controller enclosure shall be of the manufacturer, size, and type indicated on the drawings. 


C. Controller shall be grounded according to local codes using equipment of the manufacturer, size, and 
type indicated on the drawings; or as required by local codes and ordinances. 


2.8 Electrical 


A. All electrical equipment shall be NEMA Type 3, waterproofed for exterior installations. 


B. All electrical work shall conform to local codes and ordinances. 


2.9 Low Voltage Control Wiring 


A. Remote control wire shall be direct-burial AWG-UF type, size as indicated on the drawings, and in no 
case smaller than 14 gauge. 


B. Connections shall of the manufacturer, size, and type indicated on the drawings. 


C. Common wires shall be white in color.  Control wires shall be red (where two or more controllers are 
used, the control wires shall be a different color for each controller.  These colors shall be noted on 
the "Record Drawings" plans located on controller door). 


D. Ground wires shall be green in color or bare copper and in no case smaller than 6 gauge. 
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2.10 Irrigation Heads and Drip Emitters AND INLINE DRIP TUBING 


A. Irrigation heads, drip emitters and inline drip tubing shall be of the manufacturer, size, type, with 
radius of throw, operating pressure, and discharge rate indicated on the drawings. 


B. Irrigation heads, drip emitters and inline drip tubing shall be used as indicated on the drawings. 


2.11 Drip Irrigation Equipment 


Drip tubing equipment such as flush valves, air relief valves, wye strainers and pressure regulators shall 
be of the manufacturer, size, and type indicated on the drawings.  


2.12 Miscellaneous Equipment 


A. Landscape Fabric:  
1. Landscape fabric for valve box assemblies shall be 5.0- oz. weight woven polypropylene 


weed barrier.  Landscape fabric shall have a burst strength of 225 PSI, a puncture strength of 
60 lbs. and capable of water flow of 12 gallons per minute per square foot. 


2. Type: DeWitt Pro 5 Weed Barrier or approved equal. 


B. Equipment such as flow sensors, rain sensors, freeze sensors, flush valves, air relief valves, wye 
strainers, and master valves shall be of the manufacturer, size and type indicated on the drawings. 


PART 3 - EXECUTION 


3.1 Site Conditions 


A. Inspections: 
1. Prior to all work of this section, carefully inspect the installed work of all other trades and 


verify that all such work is complete to the point where this installation may properly 
commence. 


2. Verify that irrigation system may be installed in strict accordance with all pertinent codes and 
regulations, the original design, the referenced standards, and the manufacturer's 
recommendations. 


B. Discrepancies: 
1. In the event of discrepancy, immediately notify the Landscape Architect or Owner's authorized 


representative. 
2. Do not proceed with installation in areas of discrepancy until all discrepancies have been 


resolved. 


C. Grades: 
1. Before starting work, carefully check all grades to determine that work may safely proceed, 


keeping within the specified material depths with respect to finish grade. 
2. Final grades shall be accepted by the Engineer before work on this section will be allowed to 


begin. 


D. Field Measurements: 
1. Make all necessary measurements in the field to ensure precise fit of items in accordance 


with the original design.  Contractor shall coordinate the installation of all irrigation materials 
with all other work. 


2. All scaled dimensions are approximate.  The Contractor shall check and verify all size 
dimensions prior to proceeding with work under this section. 







SAN DIEGO STATE UNIVERSITY   SECTION 328400 
EIS COMPLEX   LANDSCAPE IRRIGATION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
  


 328400 - 11 THE OFFICE OF JAMES BURNETT 


3. Exercise extreme care in excavating and working near existing utilities.  Contractor shall be 
responsible for damages to utilities, which are caused by his operations or neglect. 


E. Diagrammatic Intent: 
The drawings are essentially diagrammatic.  The size and location of equipment and fixtures are 
drawn to scale where possible.  Provide offsets in piping and changes in equipment locations as 
necessary to conform with structures and to avoid obstructions or conflicts with other work at no 
additional expense to Owner. 


F. Layout: 
1. Prior to installation, the Contractor shall stake out all pressure supply lines, routing and 


location of sprinkler heads, valves, backflow preventer, and automatic controller.  
2. Layout irrigation system and make minor adjustments required due to differences between 


site and drawings.  Where piping is shown on drawings under paved areas, but running 
parallel and adjacent to planted areas, install the piping in the planted areas. 


G. Water Supply: 
Connections to, or the installation of, the water supply shall be at the locations shown on the 
drawings.  Minor changes caused by actual site conditions shall be made at no additional expense 
to Owner. 


H. Electrical Service: 
1. Connections to the electrical supply shall be at the locations shown on the drawings.  Minor 


changes caused by actual site conditions shall be made at no additional expense to Owner. 
2. Contractor shall make electrical connections to the irrigation controller.  Electrical power 


source to controller locations shall be provided by others. 
3. Contractor shall make electrical connections to the irrigation controller.  230-volt single-phase 


electrical power source to pump assembly location shall be provided by others per NEC 
codes. 


3.2 Trenching 


A. Excavations shall be straight with vertical sides, even grade, and support pipe continuously on 
bottom of trench.  Trenching excavation shall follow layout indicated on drawings to the depths below 
finished grade and as noted.  Where lines occur under paved area, these dimensions shall be 
considered below subgrade. 


B. Provide minimum cover of 18 inches on pressure supply lines 2 ½ inches and smaller. 


C. Provide minimum cover of 24 inches on pressure supply lines 3 inches and larger. 


D. Provide minimum cover of 18 inches for control wires within planters. 


E. Provide minimum cover of 24 inches for control wires within sleeves below paving. 


F. Provide minimum cover of 36 inches on pressure supply lines under vehicular travel ways. 


G. Provide minimum cover of 12 inches for non-pressure lines. 


H. Pipes installed in a common trench shall have a 4-inch minimum space between pipes. 


3.3 Thrust Blocks 


A. Thrust blocks must be constructed of Class “B” concrete. 
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B. Thrust blocks shall be poured against undisturbed site soil. 


C. PVC fitting joints shall be kept free of concrete.  Do not encase fitting in concrete. 


D. Thrust blocking shall be sized to provide the minimum bearing areas as shown below.  Bearing areas 
indicated have been calculated for Class 200 PVC pipe at a test pressure of 150 PSI in soil with 
2,000 PSI bearing capacity.  Increase thrust block sizing as necessary for varying soil conditions. 
1. Provide a minimum thrust block bearing area of 2.0 square feet on all bends (all degrees) and 


tees installed on pressure supply lines 4 inches and smaller. 


3.4 Backfilling 


A. Backfill material on all lines shall be the same as adjacent soil free of debris, litter, and rocks over 1/2 
inches in diameter. 


B. Backfill shall be tamped in 4-inch layers under the pipe and uniformly on both sides for the full width 
of the trench and the full length of the pipe. Backfill materials shall be sufficiently damp to permit 
thorough compaction, free of voids. Backfill shall be compacted to dry density equal to adjacent 
undisturbed soil and shall conform to adjacent grades. 


C. Flooding in lieu of tamping is not allowed. 


D. Under no circumstances shall truck wheels be used to compact backfill. 


E. Provide sand backfill a minimum of 4 inches over and under all piping under paved areas. 


3.5 Piping 


A. Piping under existing pavement may be installed by jacking, boring, or hydraulic driving.  No 
hydraulic driving is permitted under asphalt pavement. 


B. Cutting or breaking of existing pavement is not permitted. 


C. Carefully inspect all pipe and fittings before installation, removing dirt, scale, burrs, and reaming.  
Install pipe with all markings up for visual inspection and verification. 


D. Remove all dented and damaged pipe sections. 


E. All lines shall have a minimum clearance of 4 inches from each other and 12 inches from lines of 
other trades. 


F. Parallel lines shall not be installed directly over each other. 


G. In solvent welding, use only the specified primer and solvent cement and make all joints in strict 
accordance with the manufacturer's recommended methods including wiping all excess solvent from 
each weld.  Allow solvent welds at least 15 minutes setup time before moving or handling and 24 
hours curing time before filling. 


H. PVC pipe shall be installed in a manner, which will provide for expansion and contraction as 
recommended by the pipe manufacturer.  


I. Center load all plastic pipe prior to pressure testing. 


J. All threaded plastic-to-plastic connections shall be assembled using Teflon tape or Teflon paste.  
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K. For plastic-to-metal connections, work the metal connections first.  Use a non-hardening pipe dope 
an all threaded plastic-to-metal connections, except where noted otherwise.  All plastic-to-metal 
connections shall be made with plastic female adapters. 


3.6 Controller 


A. The exact location of the controller shall be approved by the Landscape Architect or Owner's 
authorized representative before installation.  The electrical service shall be coordinated with this 
location. 


B. The Irrigation Contractor shall be responsible for the final electrical hook up to the irrigation 
controller.  


C. The irrigation system shall be programmed to operate during the periods of minimal use of the design 
area. 


3.7 Control Wiring 


A. Low voltage control wiring shall occupy the same trench and shall be installed along the same route 
as the pressure supply lines whenever possible. 


B. Where more than one wire is placed in a trench, the wiring shall be taped together in a bundle at 
intervals of 10 feet.  Bundle shall be secured to the mainline with tape at intervals of 20 feet. 


C. All connections shall be of an approved type and shall occur in a valve box.  Provide an 18-inch 
service loop at each connection. 


D. An expansion loop of 12 inches shall be provided at each wire connection and/or directional change, 
and one of 24 inches shall be provided at each remote control valve. 


E. A continuous run of wire shall be used between a controller and each remote control valve.  Under 
no circumstances shall splices be used without prior approval. 


3.8 Valves 


A. Automatic control valves, quick coupler, and gate valves are to be installed in the approximate 
locations indicated on the drawings. 


B. Valve shall be installed in shrub areas whenever possible. 


C. Install all valves as indicated in the detail drawings. 


D. Valves to be installed in valve boxes shall be installed one valve per box. 


E. Provide valve ID tags for each remote control valve with valve number. 


3.9 Valve Boxes 


A. Valve boxes shall be installed in shrub areas whenever possible. 
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B. Each valve box shall be installed on a foundation of 3/4 inch gravel backfill, 3 cubic feet minimum.  
Valve boxes shall be installed with their tops 1/2 inch above the surface of surrounding finish grade in 
lawn areas and 2 inches above finish grade in ground cover areas. 


3.10 Irrigation Heads DRIP EMITTERS And INLINE Drip Tubing 


A. Irrigation heads, drip emitters and inline drip tubing shall be installed as indicated on the drawings. 


B. Spacing of heads and inline drip tubing shall not exceed maximum indicated on the drawings. 


C. Riser nipples shall be of the same size as the riser opening in the sprinkler body. 


3.11 Miscellaneous Equipment  


A. Install all assemblies specified herein according to the respective detail drawings or specifications, 
using best standard practices. 


B. Quick coupler valves shall be set approximately 18 inches from walks, curbs, header boards, or 
paved areas where applicable. 


C. Install devices such as rain sensors, freeze sensors, flush valves, and air relief valves, master valves 
and flow sensors as indicated on the drawings and as recommended by the manufacturer. 


3.12 Flushing the System 


A. Prior to installation of irrigation heads, the valves shall be opened and a full head of water used to 
flush out the lines and risers. 


B. Irrigation heads shall be installed after flushing the system has been completed. 


3.13 Adjusting the System  


A. Contractor shall adjust valves, align heads, and check the coverage of each system prior to coverage 
test. 


B. If it is determined by the Landscape Architect or Owner's authorized representative that additional 
adjustments or nozzle changes will be required to provide proper coverage, all necessary changes or 
adjustments shall be made prior to any planting. 


C. The entire system shall be operating properly before any planting operations commence. 


D. Automatic control valves are to be adjusted so that the irrigation heads, drip emitters and inline drip 
tubing operate at the pressure recommended by the manufacturer. 


3.14 Testing and Observation 


A. Do not allow or cause any of the work of this section to be covered up or enclosed until it has been 
observed, tested and accepted by the Landscape Architect, Owner, and governing agencies. 
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B. The Contractor shall be solely responsible for notifying the Landscape Architect, Owner, and 
governing agencies, a minimum of 48 hours in advance, where and when the work is ready for 
testing. 


C. When the sprinkler system is completed, the Contractor shall perform a coverage test of each system 
in its entirety to determine if the water coverage for the planted areas is complete and adequate in 
the presence of the Landscape Architect. 


D. The Contractor shall furnish all materials and perform all work required to correct any inadequacies of 
coverage due to deviations from the plans, or where the system has been willfully installed as 
indicated on the drawings when it is obviously inadequate, without bringing this to the attention of the 
Landscape Architect.  This test shall be accepted by the Landscape Architect and accomplished 
before starting any planting. 


E. Areas to be maintained for the formal maintenance period shall start maintenance at the same time, 
as directed by the Landscape Architect, Owner, and governing agencies.  Partial areas will not be 
released into maintenance prior to completion of items listed in the pre-maintenance review.  The 
maintenance period may not be phased. 


F. If, after the maintenance review, the irrigation systems are not accepted by the Landscape Architect, 
the contractor shall reimburse the Architect for additional site visits, or additional time required to 
review work.  All additional time will be billed at the Architect’s hourly rate and will be paid for by the 
contractor at no additional cost to the owner.  


G. Final inspection will not commence without record drawings as prepared by the Irrigation Contractor. 


3.15 Maintenance 


During the maintenance period the Contractor shall adjust and maintain the irrigation system in a fully 
operational condition providing complete irrigation coverage to all intended plantings. 


3.16 Completion Cleaning 


Clean up shall be made as each portion of the work progresses.  Refuse and excess dirt shall be 
removed from the site, all walks and paving shall be swept, and any damage sustained on the work of 
others shall be repaired to original conditions. 


 
 


END OF SECTION 
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GENERAL 


 SUMMARY 


 The General Conditions and Division - 1 Specification sections apply to the work of this section. 


 The following documents form part of the Specifications to the extent stated. Where differences exist 
between Codes, Standards, Authorities Having Jurisdiction, and the Documents, the one affording 
the greatest protection and/or more stringent condition shall apply. 


 Sustainable Design Requirements: Provide the Work and submit documentation necessary for 
compliance with specified sustainable requirements. 


 Section includes planting soils specified according to performance requirements of the mixes: 
 Topsoil 
 Planting Soils 
 Soil Preparation 
 Soil Amendments and Fertilizers 
 Soil Testing 
 Finish Grading 
 Weed Control 


 RELATED WORK 
 Division 32 Section “Plants” 
 Division 32 Section “Turf & Grasses” 
 Division 32 Section “Planting Irrigation” 


 DEFINITIONS 
 CEC: Cation exchange capacity. 
 Duff Layer:  A surface layer of soil, typical of forested areas, that is composed of mostly 


decayed leaves, twigs, and detritus. 
 Imported Soil:  Soil that is transported to Project site for use. 
 Manufactured Soil:  Soil produced by blending soils, sand, stabilized organic soil 


amendments, and other materials to produce planting soil. 
 Organic Matter:  The total of organic materials in soil exclusive of undecayed plant and animal 


tissues, their partial decomposition products, and the soil biomass; also called "humus" or 
"soil organic matter." 


 Planting Soil:  Existing, on-site soil; imported soil; or manufactured soil that has been modified 
as specified with soil amendments and fertilizers to produce a soil mixture best for plant 
growth. 


 PPM: Parts per million. 
 RCRA Metals:  Hazardous metals identified by the EPA under the Resource Conservation 


and Recovery Act. 
 SSSA:  Soil Science Society of America. 
 Subgrade:  Surface or elevation of subsoil remaining after excavation is complete, or the top 


surface of a fill or backfill before planting soil is placed. 
 Subsoil:  Soil beneath the level of subgrade; soil beneath the topsoil layers of a naturally 


occurring soil profile, typified by less than 1 percent organic matter and few soil organisms. 
 Surface Soil:  Soil that is present at the top layer of the existing soil profile.  In undisturbed 


areas, surface soil is typically called "topsoil"; but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 


 USCC:  U.S. Composting Council. 
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 PREINSTALLATION MEETINGS 


 Preinstallation Conference: Conduct conference at Project Site prior to the commencement of the 
Landscape Soil Preparation scope.  Attendees to include, but are not limited to General Contractor, 
Owner’s Representative, and Landscape Architect. 


 SITE CONDITIONS 


 Underground Utilities: 
 Prior to initiating any work of this section, the Contractor shall locate and identify all 


underground utilities. 


 Subgrade Elevations: 
 Excavation, filling and grading required to establish elevations shown on the drawings are not 


specified in this section. 
 Subgrade elevations shall be established prior to placement of landscape soils to allow for 


placement to depths as indicated and required. 
a. Contractor is responsible to coordinate establishment of subgrade elevations as 


required for landscape soils. 
b. Conditions in which subgrade elevations have not been provided, Contractor is 


responsible to complete excavation required and properly dispose of resulting spoils 
off-site. 


 Any contractor submitting a proposal for this work shall first examine the site of the proposed work 
and all conditions at the site that he may fully understand any facilities, difficulties, and restrictions 
attending the execution of the contract.  No subsequent allowances shall be made because of 
omission, error, or negligence, in connection with this provision. 


 Any contractor submitting a proposal for this work shall carefully examine the architectural and 
structural drawings and specifications in addition to the drawings and specifications for the work in 
his particular trade. 


 QUALITY ASSURANCE 


 Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of 
the Work. 


 Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction.  Obtain necessary 
approvals from all such authorities. 


 Installer Qualifications: A qualified landscape installer whose work has resulted in successful 
installation of planting soils and the establishment of exterior plants. 


 Installer to maintain an experienced full-time supervisor on project site when mixing soils and 
installing soils. 


 Contractor shall have experience in the proper and safe transportation and installation of soil 
material. 


 The Contractor shall prepare and present to the Landscape Architect required soil submittals 
and their associated specified test results, six months prior to the scheduled soil and plant 
installation for proper lead time for material locations, initial soil mix testing, and approval.  It is 
the responsibility of the Landscape Contractor, in conjunction with the Soil Supplier to submit 
material for the soil and compost tests. 


 Installer Experience:  Three years' experience in Rain Garden installations. 


 Soil-Mixing Contractor/Vendor Qualifications:  
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 Soil-Mixing Contractor/Vendor shall be able to provide soil mixes that meet the specifications 
within the tolerances assigned. 


 Soil-Mixing Contractor/Vendor shall be able to produce enough consistently uniform soil 
material for the project to meet the schedule demands. 


 Soil-Mixing Contractor/Vendor shall be engaged at least six months prior to scheduled soil 
installation, to allow for sufficient time for material searches and initial planting mix approval. 


 Soil Testing Agency:  All analytical services shall be completed by Dirt-n-Turf Consulting, Inc. and 
Brookside Laboratories. Reports and recommendations shall accompany all laboratory data. 


 David Marquardt, Agronomist.  Dirt-n-Turf Consulting, Inc.  542 Clark Street, Hinckley, IL 
60520.  Phone: (630) 251-1511.  Email: dave@dirt-n-turf.com 


 Tests shall be made in strict compliance with the standards of the Associate of Official 
Analytical Chemists and follow standards from ASTM, EPA, and/or Methods of Soil Analysis, 
SSSA. 


 (Contractor) (Owner) is responsible for all testing and analysis costs. 


 Analysis and Testing of Materials: For each type of packaged material required for the Work of this 
section, provide manufacturer’s certified analysis.  For all other materials, provide complete analysis 
by a recognized laboratory mad in strict compliance with the standards and procedures of the 
following: 


 International Society of Arboriculture (ISA) 
 American Society of Testing Materials (ASTM) 
 American Society of Agronomy (ASA) 
 Environmental Protection Agency (EPA) 
 Soil Science Society of America (SSSA) 
 Associate on Official Agricultural Chemist (AOAC) 


 SUBMITTALS AND TESTING 


 Topsoil Submittals: 
 Samples – For each Topsoil source in sealed containers, providing an accurate 


representation of composition, color and texture.  Provide the following information for each 
sample: 
a. Label container with content of sample. 
b. Label container with source / location from where the sample was taken. 
c. Label container with date the sample was obtained. 
d. Label container with contact person who obtained the sample. 


 Test Reports – For each topsoil material as outlined in the Test Procedures and Reporting 
section. 


 Soil Analysis – Provide Initial Planting Soil Analysis for Topsoil material as outlined in the Test 
Procedures and Reporting section. 


 Composted Organic Material Submittals 
 Samples – For each Compost source in sealed containers, providing an accurate 


representation of composition, color and texture.  Provide the following information for each 
sample: 
a. Label container with content of sample. 
b. Label container with source / location from where the sample was taken. 
c. Label container with date the sample was obtained. 
d. Label container with contact person who obtained the sample. 


 Test Reports – For each topsoil material as outlined in the Test Procedures and Reporting 
section. 


 Composted Organic Materials Analysis – Provide analysis for Compost material as outlined in 
the Test Procedures and Reporting section. 


 Amended Soil Mixes: 
 Samples – For each specified type of amended soil. 



mailto:dave@dirt-n-turf.com
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a. Label container with content of sample. 
b. Label container with source / location from where the sample was taken. 
c. Label container with date the sample was obtained. 
d. Label container with contact person who obtained the sample. 


 Test Reports – For each amended soil mix as outlined in the Test Procedures and Reporting 
section. 


 Soil Analysis – Provide Amended Planting Soil Analysis for each amended soil mix as 
outlined in the Test Procedures and Reporting section. 


 Herbicide & Pesticides 
 Product data for all products listed. 


 TEST PROCEDURES AND REPORTING 


 Topsoil – Testing for initial approval shall be tested using the following procedures: 
 Particle-size distribution by the Pipet method, as outlined in Methods of Soil Analysis, Part 1, 


1986.  This includes the removal of organic matter and carbonates with hydrogen peroxide.   
 Saturated hydraulic conductivity, total porosity, and bulk density by ASTM F1815-97 or 


equivalent Methods of Soil Analysis determination for the tested sample. 
 Organic matter content (ASTM F1647-02a) 
 Salts and ammonium test. 
 Soil chemical and nutrient analysis shall be tested using Methods of Soil Analysis, Parts 1 and 


3, 1986 and 1996, or approved equivalent. 
 Soil moisture testing required prior to soil placement shall be by gravimetric oven dry method, 


as described in Soil Science Society of America, Methods of Soil Analysis, Part 1, 1986. 


 Composted Organic Materials – Provide analyses of composed organic materials are to be 
submitted prior to Initial Planting Soil mix acceptance.  Analyses shall include all tests required to 
verify specified criteria in Part 2 of this Section. 


 Initial Planting Soil Mixes:  
 Based upon the Topsoil and Compost test results and recommendations from Soil Testing 


Agency: 
a. Provide required soil treatments and soil amendments as required to meet 


Performance Requirements of the Planting Soil mixes.  Reference Soil Schedule for 
specific Planting Soil criteria.  Rates of treatments and amendments to be provided in 
weight per 1000 sf. Ft or volume per cu. Yd. for nitrogen, phosphorus, and potash 
nutrients. 


b. Provide type and quantity of additives required to adjust and/or reduce salt level 
content. 


c. Provide type and quantity of additives required to establish acceptable pH factor. 
 Topsoil tests shall be run prior to topsoil sample approval and at Landscape Architect’s 


discretion throughout topsoil installation. 


 Final Planting Soil Analysis – The amended Planting Soil mixes submitted for initial approval shall be 
tested using the following procedures: 


 Particle-size distribution (ASTM F1632-03) – Perform for all soil layers.  The ASTM F1632 test 
is acceptable for the loamy sand soil.  Fines passing the #270 sieve are to be measured using 
the hydrometer method, as outlined in ASTM F1632. 


 Saturated hydraulic conductivity, total porosity, and bulk density (ASTM F1815-97) - Perform 
for all soil layers. 


 Organic matter content (ASTM F1647-02a) 
 Salts and ammonium test. 
 Soil moisture testing required prior to soil placement shall be by gravimetric oven dry method, 


as described in Soil Science Society of America, Methods of Soil Analysis, Part 1, 1986. 


 Testing Intervals for Organic Amendments, Planting Soil Mixes, Topsoil, and Subgrade 
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 Provide testing at the following intervals: 
a. Amended soil tests: During the placement of planting soils, test every (1000) (500) 


cubic yards of planting soil mix delivered to the job site.  Test shall be for soil mix 
quality assurance to maintain adherence to particle size distribution, pH, organic 
matter, salts, and ammonium.  Report organic matter content on a percent by weight 
basis.  Testing applies to all soil layers of the Soil Profile.  


PRODUCTS 


 TOPSOIL 


 Topsoil Performance Requirements: 
 Utilize naturally formed topsoil consisting of sandy clay loam or clay loam according to USDA 


textures; and modified to produce viable planting soil.  Alternate soil textures may be provided 
pending compliance with Soil Schedule and Soil Testing Agency.   


 Topsoil before amending:  Minimum of 2 percent organic-matter content, friable, and with 
sufficient structure to give good tilth and aeration.  Clean soil to be of the following: 


 Unacceptable Materials:  Concrete slurry, concrete layers or chunks, cement, plaster, building 
debris, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, roofing compound, acid, and 
other extraneous materials that are harmful to plant growth. 


 Unsuitable Materials:  Stones, roots, plants, sod, clay lumps, and pockets of coarse sand that 
exceed a combined maximum of 4 percent by dry weight of the imported soil. 


 Large Materials:  Stones, clods, roots, clay lumps, and pockets of coarse sand exceeding 1-
1/2 inches in any dimension shall be removed from topsoil. 


 Topsoil Sources:  Take imported, unamended topsoil from sources that are naturally well-drained 
sites where topsoil occurs at least 4 inches deep, not from bogs, or marshes; and that do not contain 
undesirable organisms; disease-causing plant pathogens; or obnoxious weeds and invasive plants 
including, but not limited to, quackgrass, Johnsongrass, poison ivy, nutsedge, nimblewill, Canada 
thistle, bindweed, bentgrass, wild garlic, ground ivy, perennial sorrel, and bromegrass. 


 Onsite topsoil may be utilized if it complies with the imported topsoil requirements and 
physical characteristics listed within this specification.  Contractor shall be responsible for 
determining if available quantities of acceptable on site topsoil will satisfy the quantity 
requirements for the final installation of planting soil.  Imported approved topsoil shall be 
utilized to offset any quantity deficiencies with onsite topsoil. 


 AMENDED PLANTING SOIL 


 Planting Soil Performance Requirements: Refer to Soil Schedule for specific criteria for each 
Planting Soil mix.  Amend Topsoil soil with materials specified in other articles of this Section to 
become specified Planting Soil mix that complies with the Soil Schedule requirements. 


 INORGANIC SOIL AMENDMENTS 


 The following amendments shall be added as indicated by the Soil Testing Agency in order to 
achieve the amended Planting Soil(s) Requirements. 


 Lime:  ASTM C 602, agricultural liming material containing a minimum of 80 percent calcium 
carbonate equivalent. 


 Sulfur:  Granular, biodegradable, and containing a minimum of 90 percent elemental sulfur, 
with a minimum of 99 percent passing through a No. 6 sieve and a maximum of 10 percent 
passing through a No. 40 sieve. 


 Iron Sulfate:  Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 
percent sulfur. 
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 Agricultural Gypsum:  Minimum 90 percent calcium sulfate, finely ground with 90 percent 
passing through a No. 50 sieve. 


 Sand:  Clean, washed, natural or manufactured, free of toxic materials, and according to 
ASTM F 2396. 


 UMaxx Urea 
 Mono-Ammonium Phosphate 


 ORGANIC SOIL AMENDMENTS 


A. The following amendments shall be added as indicated by the Soil Testing Agency in order to 
achieve the amended Planting Soil(s) requirements. 


 Compost:  Well-composted, stable, and weed-free organic matter produced by composting 
feedstock, and bearing USCC's "Seal of Testing Assurance," and as follows: 
a. Feedstock:  Leaves and animal waste may be utilized.  Alternate local forms of 


compost falling within the specified ranges may be utilizing pending approval from Soil 
Testing Agency.  Biosolids will not be accepted. 


b. Reaction:  pH stable compost.  pH of 6 to 7.2 
c. Soluble-Salt Concentration:  Less than 4 dS/m. 
d. Organic-Matter Content:  40 to 60 percent of dry weight. 
e. Particle Size:  Minimum of 98 percent passing through a 1-inch sieve. 


 FERTILIZERS 


A. Fertilizers shall be added as indicated by the Soil Testing Agency in order to achieve the amended 
Planting Soil(s) requirements. This includes, but is not limited to: 


 Superphosphate:  Commercial, phosphate mixture, soluble. 
 Commercial Fertilizer:  Commercial-grade complete fertilizer of neutral character, consisting 


of fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea 
formaldehyde, phosphorous, and potassium. 


 Slow-Release Fertilizer:  Granular or pelleted fertilizer consisting of 50 percent water-insoluble 
nitrogen, phosphorus, and potassium. 


 MISCELLANEOUS 


 Pesticide:  Registered and approved by EPA, acceptable to authorities having jurisdiction, and of 
type recommended by manufacturer for each specific problem and as required for Project conditions 
and application. Do not use restricted pesticides unless authorized in writing by authorities having 
jurisdiction. 


 Pre-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling the germination or 
growth of weeds within planted areas at the soil level directly below the mulch layer. 


 Post-Emergence Herbicide: Contractor to provide Post-Emergence product as required to maintain a 
weed-free project.  Post-emergence product must be compatible with specified planting species.   


EXECUTION 


 EXAMINATION 


 Verification of Conditions: Examine the areas to receive the Work and the conditions under which the 
Work would be performed.  Remedy conditions detrimental to the proper and timely completion of 
the Work.  Do not proceed until unsatisfactory conditions have been corrected. 
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 Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete slurry, 
concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, turpentine, tar, 
roofing compound, or acid has been deposited in planting soil. 


 PLACING AND MIXING PLANTING SOIL OVER EXPOSED SUBGRADE 


 General:  Apply and mix unamended soil with amendments on-site to produce required planting soil.  
Do not apply materials or till if existing soil or subgrade is frozen, muddy, or excessively wet. 


 Under Existing Trees: Soil preparation under existing trees includes the removal by hand of surface 
vegetation not to remain. 


 Herbicides shall not be used under existing trees unless specifically direct by the Landscape 
Architect. 


 Existing soil under existing trees shall be amended per the recommendations of the Soil 
Testing Agency. 


 Subgrade Preparation:  Till subgrade to the minimum depth indicated on the Soil Schedule.  Remove 
stones larger than 1-1/2 inches in any dimension and sticks, roots, rubbish, and other extraneous 
matter and legally dispose of them off Owner's property. 


 Mixing:  Spread unamended soil to total depth as indicated on the Soil Schedule, but not less than 
required to meet finish grades after mixing with amendments and natural settlement.  Do not spread 
if soil or subgrade is frozen, muddy, or excessively wet. 


 Amendments:  Apply soil amendments, compost, and fertilizer, if required per soil testing 
reports, evenly on surface, and thoroughly blend them with unamended soil to produce 
planting soil.  Amendments shall be applied at rates indicated on Soil Test Analysis. 
a. Mix lime and sulfur with dry soil before mixing fertilizer.  Apply at rates indicated on 


Soil Test Analysis. 
b. Mix fertilizer with planting soil no more than seven days before planting.  Apply at rates 


indicated on Soil Test Analysis. 
 Lifts:  Apply and mix unamended soil and amendments in lifts not exceeding 8 inches in loose 


depth for material compacted by compaction equipment, and not more than 6 inches in loose 
depth for material compacted by hand-operated tampers. 


 Soil mixes may be pre-mixed on site or off site prior to installing the soil in the planting areas.  
Pre-mixed soils must still comply with all specified requirments. 


 Compaction:  Compact each blended lift of planting soil to 82 percent, or as indicated, of maximum 
Standard Proctor density according to ASTM D 698 except where a different compaction value is 
indicated on Drawings. 


 Finish Grading:  Grade planting soil to a smooth, uniform surface plane with loose, uniformly fine 
texture.  Roll and rake, remove ridges, and fill depressions to meet finish grades. 


 Tolerance: ½ inch variance in 20 feet. 
 Limit fine grading to areas which can be planted immediately after grading. 
 The site shall be free from irregular surface changes and shall vary uniformly between fixed 


elevations. 
 Restore landscape areas to specified conditions if any eroded locations, ruts, depressions, or 


settlement exists after fine grading and prior to planting.  


 APPLYING COMPOST TO SURFACE OF PLANTING SOIL 


 Application:  Apply compost component of planting-soil mix  at a thickness AS REQUIRED TO 
MEET PERFOMANCE SPECIFCATIONS of amended soil mixes.  Apply compost to surface of in-
place planting soil.  Do not apply materials or till if existing soil or subgrade is frozen, muddy, or 
excessively wet. 
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 Finish Grading:  Grade surface to a smooth, uniform surface plane with loose, uniformly fine texture.  
Roll and rake, remove ridges, and fill depressions to meet finish grades. 


 FIELD QUALITY CONTROL 


 Perform the following tests and inspections: 
 Compaction:  Test planting-soil compaction after placing each lift and at completion using a 


densitometer or soil-compaction meter calibrated to a reference test value based on 
laboratory testing according to ASTM D 698.  Space tests at no less than one for each 2000 
sq. ft. of in-place soil or part thereof. 


 Performance Testing:  For each amended planting-soil type, demonstrating compliance with 
specified performance requirements.  Perform testing according to "Soil-Sampling 
Requirements" and "Testing Requirements" articles. 


 Soil will be considered defective if it does not pass tests and inspections. 


 Prepare test and inspection reports. 


 Label each sample and test report with the date, location keyed to a site plan or other location 
system, visible conditions when and where sample was taken, and sampling depth. 


 WEED CONTROL / TREATMENT 


 All site locations to receive planting where weeds exist, shall be treated with post-emergent 
herbicide. 


 Repeat treatment as required to ensure that no weeds are present at the beginning of work on 
the landscape planting of the Project. 


 Weeds shall not be present at the date of inspection for Substantial Completion of the Project and at 
the conclusion of the maintenance and establishment period following acceptance of the 
Contractor’s work. 


 Post-emergent weed treatment includes: 
 Removal of weeds and other undesirable ground cover vegetation in turf/grass and planting 


areas shall be accomplished a minimum of 14 days prior to soil preparation for planting 
operations. 


 Care shall be taken not to affect existing trees, shrubs, and plants to be saved on the site. 


 PESTICIDE APPLICATION 


 Apply pesticides and other chemical products and biological control agents in accordance with 
requirements of authorities having jurisdiction and manufacturer's written recommendations.  
Coordinate applications with Owner's operations and others in proximity to the Work.  Notify Owner 
before each application is performed. 


 PROTECTION AND CLEANING 


 Protection Zone:  Identify protection zones according to Section 01 56 39 "Temporary Tree and Plant 
Protection." 


 Protect areas of in-place soil from additional compaction, disturbance, and contamination.  Prohibit 
the following practices within these areas except as required to perform planting operations: 
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 Storage of construction materials, debris, or excavated material. 
 Parking vehicles or equipment. 
 Vehicle traffic. 
 Foot traffic. 
 Erection of sheds or structures. 
 Impoundment of water. 
 Excavation or other digging unless otherwise indicated. 


 Remove surplus soil and waste material including excess subsoil, unsuitable materials, trash, and 
debris and legally dispose of them off Owner's property unless otherwise indicated. 


 Dispose of excess subsoil and unsuitable materials on-site where directed by Owner. 
 All hardscape and paving areas affected by the soil preparation operations shall be thoroughly 


cleaned by sweeping and power washing. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SUMMARY 


A. The General Conditions and Division - 1 Specification sections apply to the work of this section. 


B. The following documents form part of the Specifications to the extent stated. Where differences exist 
between Codes, Standards, Authorities Having Jurisdiction, and the Documents, the one affording 
the greatest protection and/or more stringent condition shall apply. 


C. Sustainable Design Requirements: Provide the Work and submit documentation necessary for 
compliance with specified sustainable requirements. 


D. Section Includes: 
1. Sodding. 


E. Related Sections: 
1. Division 32 Section – Planting Irrigation 
2. Division 32 Section – Landscape Soil Preparation 
3. Division 33 Section – Landscape Subdrainage 


1.2 DEFINITIONS 


A. Finish Grade:  Elevation of finished surface of planting soil. 


B. Subgrade:  Surface or elevation of subsoil remaining after excavation is complete, or top surface of a 
fill or backfill before planting soil is placed. 


C. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic matter 
and soil organisms. 


D. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  In 
undisturbed areas, the surface soil is typically topsoil, but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 


1.3 SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. Certification of Grass Seed:  From seed vendor for each grass-seed monostand or mixture stating 
the botanical and common name, percentage by weight of each species and variety, and percentage 
of purity, germination, and weed seed.  Include the year of production and date of packaging. 


1. Certification of each seed mixture for turfgrass sod Include identification of source and name 
and telephone number of supplier. 


C. Qualification Data:  For qualified landscape Installer. 


D. Maintenance Instructions:  Recommended procedures to be established by Owner for maintenance 
of turf and meadow during a calendar year.  Submit before expiration of required initial maintenance 
periods. 
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1.4 QUALITY ASSURANCE 


A. Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of the 
Work. 


B. Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction. Obtain necessary 
approvals from all such authorities. 


C. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful turf 
and meadow establishment. 


1. Professional Membership:  Installer shall be a member in good standing of either the 
Professional Landcare Network or the American Nursery and Landscape Association. 


2. Experience:  Three years' experience in turf installation in addition to requirements in 
Division 01 Section "Quality Requirements." 


3. Installer's Field Supervision:  Require Installer to maintain an experienced full-time supervisor 
on Project site when work is in progress. 


4. Personnel Certifications:  Installer's field supervisor shall have certification in one of the 
following categories from the Professional Landcare Network: 


a. Certified Landscape Technician - Exterior, with installation maintenance irrigation 
specialty area(s), designated CLT-Exterior. 


5. Maintenance Proximity:  Not more than two hours' normal travel time from Installer's place of 
business to Project site. 


1.5 DELIVERY, STORAGE, AND HANDLING 


A. Packaged Materials:  Deliver packaged materials in original, unopened containers showing weight, 
certified analysis, name and address of manufacturer, and indication of conformance with state and 
federal laws, as applicable. 


B. Sod:  Harvest, deliver, store, and handle sod according to requirements in "Specifications for 
Turfgrass Sod Materials" and "Specifications for Turfgrass Sod Transplanting and Installation" in 
TPI's "Guideline Specifications to Turfgrass Sodding."  Deliver sod in time for planting within 24 hours 
of harvesting.  Protect sod from breakage and drying. 


C. Bulk Materials: 


1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on 
existing turf areas or plants. 


2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, 
discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties, water 
conveyance systems, or walkways. 


3. Accompany each delivery of bulk fertilizers, lime, and soil amendments with appropriate 
certificates. 


1.6 PROJECT CONDITIONS 


A. Planting Restrictions:  Coordinate planting periods with initial maintenance periods to provide 
required maintenance from date of Substantial Completion.  
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B. Weather Limitations:  Proceed with planting only when existing and forecasted weather conditions 
permit planting to be performed when beneficial and optimum results may be obtained.  Apply 
products during favorable weather conditions according to manufacturer's written instructions. 


1.7 MAINTENANCE SERVICE 


A. Initial Turf Maintenance Service:  Provide full maintenance by skilled employees of landscape 
Installer.  Maintain as required in Part 3.  Begin maintenance immediately after each area is planted 
and continue until acceptable turf is established but for not less than the following periods: 


1. Sodded Turf:  [90] days from date of Substantial Completion. 


B. Continuing Maintenance Proposal:  From Installer to Owner, in the form of a standard yearly (or other 
period) maintenance agreement, starting on date initial maintenance service is concluded.  State 
services, obligations, conditions, and terms for agreement period and for future renewal options. 


PART 2 - PRODUCTS 


2.1 TURFGRASS SOD 


A. Turfgrass Sod: Certified, complying with TPI's "Specifications for Turfgrass Sod Materials" in its 
"Guideline Specifications to Turfgrass Sodding."  Furnish viable sod of uniform density, color, and 
texture, strongly rooted, and capable of vigorous growth and development when planted. 
1. Turfgrass Species: Reference Planting Schedule.  


2.2 PLANTING SOIL MIX 


A. Planting Soil Mix:  Provide planting soil in strict compliance with the Landscape Soil Preparation 
Specification. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Examine areas to be planted for compliance with requirements and other conditions affecting 
performance. 


1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete 
slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, 
turpentine, tar, roofing compound, or acid has been deposited in soil within a planting area. 


2. Do not mix or place soils and soil amendments in frozen, wet, or muddy conditions. 
3. Suspend soil spreading, grading, and tilling operations during periods of excessive soil 


moisture until the moisture content reaches acceptable levels to attain the required results. 
4. Uniformly moisten excessively dry soil that is not workable and which is too dusty. 


B. Proceed with installation only after unsatisfactory conditions have been corrected. 


C. If contamination by foreign or deleterious material or liquid is present in soil within a planting area, 
remove the soil and contamination as directed by Architect and replace with new planting soil. 
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3.2 PREPARATION 


A. Prepare all turf grass planting soil in strict compliance with the Landscape Soil Preparation 
Specification. 


B. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and plantings 
from damage caused by planting operations. 
1. Protect grade stakes set by others until directed to remove them. 


C. Install erosion-control measures to prevent erosion or displacement of soils and discharge of soil-
bearing water runoff or airborne dust to adjacent properties and walkways. 


D. Finish Grading:  Grade planting areas to a smooth, uniform surface plane with loose, uniformly fine 
texture.  Grade to within plus or minus 1/2 inch (13 mm) of finish elevation.  Roll and rake, remove 
ridges, and fill depressions to meet finish grades.  Limit finish grading to areas that can be planted in 
the immediate future. 


E. Moisten prepared area before planting if soil is dry.  Water thoroughly and allow surface to dry before 
planting.  Do not create muddy soil. 


F. Before planting, obtain Architect's acceptance of finish grading; restore planting areas if eroded or 
otherwise disturbed after finish grading. 


3.3 SODDING 


A. Lay sod within 24 hours of harvesting.  Do not lay sod if dormant or if ground is frozen or muddy. 


B. Lay sod to form a solid mass with tightly fitted joints.  Butt ends and sides of sod; do not stretch or 
overlap.  Stagger sod strips or pads to offset joints in adjacent courses.  Avoid damage to subgrade 
or sod during installation.  Tamp and roll lightly to ensure contact with subgrade, eliminate air 
pockets, and form a smooth surface.  Work sifted soil or fine sand into minor cracks between pieces 
of sod; remove excess to avoid smothering sod and adjacent grass. 


1. Lay sod across angle of slopes exceeding 1:3. 
2. Anchor sod on slopes exceeding 1:6 with wood pegs or steel staples spaced as 


recommended by sod manufacturer but not less than 2 anchors per sod strip to prevent 
slippage. 


C. Saturate sod with fine water spray within two hours of planting.  During first week after planting, water 
daily or more frequently as necessary to maintain moist soil to a minimum depth of 1-1/2 inches 
below sod. 


3.4 TURF MAINTENANCE 


A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting, and 
performing other operations as required to establish healthy, viable turf.  Roll, regrade, and replant 
bare or eroded areas and remulch to produce a uniformly smooth turf.  Provide materials and 
installation the same as those used in the original installation. 


1. Fill in as necessary soil subsidence that may occur because of settling or other processes.  
Replace materials and turf damaged or lost in areas of subsidence. 


2. In areas where mulch has been disturbed by wind or maintenance operations, add new mulch 
and anchor as required to prevent displacement. 
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3. Apply treatments as required to keep turf and soil free of pests and pathogens or disease.  
Use integrated pest management practices whenever possible to minimize the use of 
pesticides and reduce hazards. 


B. Watering:  Install and maintain temporary piping, hoses, and turf-watering equipment to convey water 
from sources and to keep turf uniformly moist to a depth of 4 inches. 


1. Schedule watering to prevent wilting, puddling, and erosion.  Lay out temporary watering 
system to avoid walking over muddy or newly planted areas. 


2. Water turf with fine spray at a minimum rate of 1 inch per week unless rainfall precipitation is 
adequate. 


C. Mow turf as soon as top growth is tall enough to cut.  Repeat mowing to maintain specified height 
without cutting more than 1/3 of grass height.  Remove no more than 1/3 of grass-leaf growth in initial 
or subsequent mowings.  Do not delay mowing until grass blades bend over and become matted.  Do 
not mow when grass is wet.  Schedule initial and subsequent mowings to maintain the following 
grass height: 
1. Mow to a height of 3 inches. 


D. Turf Postfertilization:  Apply fertilizer after initial mowing and when grass is dry. 


1. Use fertilizer that will provide actual nitrogen of at least 1 lb/1000 sq. ft. to turf area. 


3.5 SATISFACTORY TURF 


A. Turf installations shall meet the following criteria as determined by Architect: 
1. Satisfactory Sodded Turf:  At end of maintenance period, a healthy, well-rooted, even-colored, 


viable turf has been established, free of weeds, open joints, bare areas, and surface 
irregularities. 


B. Use specified materials to reestablish turf that does not comply with requirements and continue 
maintenance until turf is satisfactory. 


3.6 CLEANUP AND PROTECTION 


A. Promptly remove soil and debris created by turf work from paved areas.  Clean wheels of vehicles 
before leaving site to avoid tracking soil onto roads, walks, or other paved areas. 


B. Erect temporary fencing or barricades and warning signs as required to protect newly planted areas 
from traffic.  Maintain fencing and barricades throughout initial maintenance period and remove after 
plantings are established. 


C. Remove nondegradable erosion-control measures after grass establishment period. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SUMMARY 


A. The General Conditions and Division - 1 Specification sections apply to the work of this section. 


B. The following documents form part of the Specifications to the extent stated. Where differences exist 
between Codes, Standards, Authorities Having Jurisdiction, and the Documents, the one affording 
the greatest protection and/or more stringent condition shall apply. 


C. Sustainable Design Requirements: Provide the Work and submit documentation necessary for 
compliance with specified sustainable requirements. 


D. Section Includes: 


1. Plants 
2. Tree Staking 
3. Mulching 
4. Landscape Edgings 
5. Misc. Planting Requirements 
6. Rain Gardens / Bio-Swales 


E. Related Sections: 


1. Division 01 Section - Temporary Tree and Plant Protection - for protecting, trimming, pruning, 
repairing, and replacing existing trees to remain that interfere with, or are affected by, 
execution of the Work. 


2. Division 32 Section - Turf and Grasses 
3. Division 32 Section - Landscape Soil Preparation  
4. Division 33 Section – Landscape Subdrainage  


1.2 DEFINITIONS 
1. Backfill:  The earth used to replace or the act of replacing earth in an excavation. 
2. Balled and Burlapped Stock:  Plants dug with firm, natural balls of earth in which they were 


grown, with ball size not less than [sizes indicated] [diameter and depth recommended by 
ANSI Z60.1 for type and size of plant required]; wrapped with burlap, tied, rigidly supported, 
and drum laced with twine with the root flare visible at the surface of the ball as recommended 
by ANSI Z60.1. 


3. Container-Grown Stock:  Healthy, vigorous, well-rooted plants grown in a container, with a 
well-established root system reaching sides of container and maintaining a firm ball when 
removed from container.  Container shall be rigid enough to hold ball shape and protect root 
mass during shipping and be sized according to ANSI Z60.1 for type and size of plant 
required. 


4. Finish Grade:  Elevation of finished surface of planting soil. 
5. Pesticide:  A substance or mixture intended for preventing, destroying, repelling, or mitigating 


a pest.  This includes insecticides, miticides, herbicides, fungicides, rodenticides, and 
molluscicides.  It also includes substances or mixtures intended for use as a plant regulator, 
defoliant, or desiccant. 


6. Pests:  Living organisms that occur where they are not desired, or that cause damage to 
plants, animals, or people.  These include insects, mites, grubs, mollusks (snails and slugs), 
rodents (gophers, moles, and mice), unwanted plants (weeds), fungi, bacteria, and viruses. 


7. Planting Area:  Areas to be planted. 
8. Planting Soil:  Per Planting Soil Preparation Specification 
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9. Plant; Plants; Plant Material:  These terms refer to vegetation in general, including trees, 
shrubs, vines, ground covers, ornamental grasses, bulbs, corms, tubers, or herbaceous 
vegetation. 


10. Root Flare:  Also called "trunk flare."  The area at the base of the plant's stem or trunk where 
the stem or trunk broadens to form roots; the area of transition between the root system and 
the stem or trunk. 


11. Stem Girdling Roots:  Roots that encircle the stems (trunks) of trees below the soil surface. 
12. Subgrade:  Surface or elevation of subsoil remaining after excavation is complete, or the top 


surface of a fill or backfill before planting soil is placed. 
13. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic 


matter and soil organisms. 


1.3 REFERENCED STANDARDS: 
1. American Standard for Nursery Stock, Edition approved 2004 by American National 


Standards Institute, Inc. (Z60.1) - Plant materials. 
2. American National Standard Institute (ANSI) A300 (Part 1)-2008 Pruning. 
3. American National Standard Institute (ANSI) A300 (Part 2)-2011 Soil Management, 


Modifications, Fertilization, and Drainage. 
4. ASTM B221-12a – Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars, 


Rods, Wire, Profiles, and Tubes. 


1.4 SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. Samples:  Provide representative quantities of all specified materials including but not limited to: 
mulch, filter fabric, root barrier, crushed stone.  Specification sheets should accompany all samples 
giving pertinent information. All samples shall be labeled and dated.  Landscape Architect shall 
approve all samples prior to use. 


C. Planting Schedule: Indicating anticipated planting dates for exterior plants. 


D. Qualification Data:  For qualified landscape Installer.  Include list of similar projects completed by 
Installer demonstrating Installer's capabilities and experience.  Include project names, addresses, 
and year completed, and include names and addresses of owners' contact persons. 


E. Maintenance Instructions:  Recommended procedures to be established by Owner for maintenance 
of plants during a calendar year.  Submit before start of required maintenance periods. 


F. Warranty:  Sample of special warranty. 


G. Tree and Plant Selection Process: 
1. Contractor and Landscape Architect to tag all trees in the field at specified sizes (12) months 


prior to installation.  Contractor to provide at a minimum (3) sources for each variety for review 
in the field.  Contractor to submit high-quality color photographs for approval prior to tree and 
plant tagging trips.  Photographs must show tree and plant material with a person and a 
measuring stick or ruler to establish relative size.  All photograph submittals must be clearly 
labeled with the common name, scientific name, date of picture, source and address of 
material, contact at source, and phone number for source contact. 


2. Contractor to verify availability of each species (12) months prior to installation.  In the event 
certain species are not readily available Contractor to arrange to have the plant material 
contract grown for the project.  Contractor and Landscape Architect to tag all ornamental 
planting in the field (4) months prior to installation or in the event of spring planting plant 
material will be tagged (1) month prior to first anticipated frost.  All approved plant material 
shall be blocked and held at the nursery. 







SAN DIEGO STATE UNIVERSITY   SECTION 329300 
EIS COMPLEX   PLANTS 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
  


 329300 - 3 THE OFFICE OF JAMES BURNETT 


3. Contractor to provide a procurement report on all specified plant materials indicating the 
following information: 
a. Supplier name and contact information 
b. Photos of approved plant material 
c. Quantity and container size of approved plant material 
d. Maintenance strategy 


H. Sustainable Design Submittals  
1. General:  Submit additional LEED submittals required by other Specification Sections.  
2. Credit MR 5: Product Certificates for products and materials required to comply with 


requirements for regional materials, certificates indicating location of material manufacturer 
and point of extraction, harvest, or recovery for each raw material. Include statement 
indicating distance to Project, cost for each regional material, and fraction by weight that is 
considered regional. 


1.5 QUALITY ASSURANCE 


A. Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of the 
Work. 


B. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful 
establishment of plants. 


C. Provide quality, size, genus, species, and variety of plants indicated, complying with applicable 
requirements in ANSI Z60.1. 


D. Measurements:  Measure according to ANSI Z60.1.  Do not prune to obtain required sizes. 


E. Plant Material Observation:  Landscape Architect may observe plant material either at place of 
growth or at site before planting for compliance with requirements for genus, species, variety, 
cultivar, size, and quality.  Landscape Architect retains right to observe trees and shrubs further for 
size and condition of balls and root systems, pests, disease symptoms, injuries, and latent defects 
and to reject unsatisfactory or defective material at any time during progress of work.  Remove 
rejected trees or shrubs immediately from Project site. 


F. Preinstallation Conference:  Conduct conference at location indicated by owner’s representative. 


G. Mock-ups: Provide in-place mock-up of plantings and trees located on berm locations.  Mock-up may 
be included in the final installation if mock-up is accepted.  Mock-up to be reviewed by the 
Landscape Architect. 


H. Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction.  Obtain necessary 
approvals from all such authorities. 


I. Site and Drawing Examination: 
1. Any contractor submitting a proposal for this work shall first examine the site of the proposed 


work and all conditions at the site that he may fully understand any facilities, difficulties, and 
restrictions attending the execution of the contract.  No subsequent allowances shall be made 
because of omission, error, or negligence, in connection with this provision. 
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1.6 DELIVERY, STORAGE, AND HANDLING 


A. Packaged Materials:  Deliver packaged materials in original, unopened containers showing weight, 
certified analysis, name and address of manufacturer, and indication of conformance with state and 
federal laws if applicable. 


B. Delivery Review: Planting and tree material shall be reviewed for damage at the nursery at the time 
of shipment and upon arrival at the Project site.  Damaged material shall not be delivered to the job 
site unless specifically allowed by the Landscape Architect.  The Landscape Architect’s selection, 
submittal approval, and tagging approval of the material shall not waive this requirement. 


C. Bulk Materials: 


1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on 
existing turf areas or plants. 


2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, 
discharge of soil-bearing water runoff, and airborne dust reaching adjacent properties, water 
conveyance systems, or walkways. 


D. Deliver bare-root stock plants freshly dug.  Immediately after digging up bare-root stock, pack root 
system in wet straw, hay, or other suitable material to keep root system moist until planting. 


E. Do not prune trees and shrubs before delivery.  Protect bark, branches, and root systems from sun 
scald, drying, wind burn, sweating, whipping, and other handling and tying damage.  Do not bend or 
bind-tie trees or shrubs in such a manner as to destroy their natural shape.  Provide protective 
covering of plants during shipping and delivery.  Do not drop plants during delivery and handling. 


F. Handle planting stock by root ball. 


G. Store bulbs, corms, and tubers in a dry place at 60 to 65 deg F until planting. 


H. Deliver plants and trees after preparations for planting and trees have been completed, and install 
immediately.  If planting is delayed more than six hours after delivery, set plants and trees in their 
appropriate aspect (sun, filtered sun, or shade), protect from weather and mechanical damage, and 
keep roots moist. 


1. Heel-in bare-root stock.  Soak roots that are in dry condition in water for two hours.  Reject 
dried-out plants. 


2. Set balled stock on ground and cover ball with soil, peat moss, sawdust, or other acceptable 
material. 


3. Do not remove container-grown stock from containers before time of planting. 
4. Water root systems of plants stored on-site deeply and thoroughly with a fine-mist spray.  


Water as often as necessary to maintain root systems in a moist, but not overly-wet condition. 


1.7 PROJECT CONDITIONS 


A. Field Measurements:  Verify actual grade elevations, service and utility locations, irrigation system 
components, and dimensions of plantings and construction contiguous with new plantings by field 
measurements before proceeding with planting work. 


B. Interruption of Existing Services or Utilities:  Do not interrupt services or utilities to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging to 
provide temporary services or utilities according to requirements indicated: 


1. Notify Owner no fewer than two days in advance of proposed interruption of each service or 
utility. 
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2. Do not proceed with interruption of services or utilities without Owner's written permission. 


C. Planting Restrictions:  Plant during one of the following periods.  Coordinate planting periods with 
maintenance periods to provide required maintenance from date of Substantial Completion. 
1. Preferred Planting Periods: 


a. Spring Planting:  Between March and May. 
b. Fall Planting:  Between September and November 


D. Weather Limitations:  Proceed with planting only when existing and forecasted weather conditions 
permit planting to be performed when beneficial and optimum results may be obtained.  Apply 
products during favorable weather conditions according to manufacturer's written instructions and 
warranty requirements. 


E. Coordination with Turf Areas (Lawns):  Plant trees, shrubs, and other plants after finish grades are 
established and before planting turf areas unless otherwise indicated. 


1. When planting trees, shrubs, and other plants after planting turf areas, protect turf areas, and 
promptly repair damage caused by planting operations. 


1.8 WARRANTY 


A. Planting & Tree Special Warranty:  Installer agrees to repair or replace plantings and accessories 
that fail in materials, workmanship, or growth within specified warranty period. 


1. Failures include, but are not limited to, the following: 


a. Death and unsatisfactory growth, except for defects resulting from abuse, lack of 
adequate maintenance, or neglect by Owner, or incidents that are beyond Contractor's 
control. 


b. Structural failures including plantings falling or blowing over. 
c. Faulty performance of tree stabilization. 
d. Deterioration of metals, metal finishes, and other materials beyond normal weathering. 


2. Warranty Periods from Date of Substantial Completion: 


a. Trees, Shrubs, Vines, and Ornamental Grasses:  12 months. 
b. Ground Covers, Biennials, Perennials, and Other Plants:  12 months. 
c. Annuals:  Three months. 
d. Rain Garden / Bio-Swale: 12 months. 


3. Include the following remedial actions as a minimum: 


a. Immediately remove dead plants and replace unless required to plant in the 
succeeding planting season. 


b. Replace plants that are more than 25 percent dead or in an unhealthy condition at end 
of warranty period. 


c. A limit of one replacement of each plant will be required except for losses or 
replacements due to failure to comply with requirements. 


d. Provide extended warranty for period equal to original warranty period, for replaced 
plant material. 


1.9 MAINTENANCE SERVICE 


A. Initial Maintenance Service for Trees and Shrubs:  Provide maintenance by skilled employees of 
landscape Installer.  Maintain as required in Part 3.  Begin maintenance immediately after plants are 
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installed and continue until plantings are acceptably healthy and well established but for not less than 
maintenance period below. 


1. Maintenance Period:  12 Months from date of Substantial Completion. 


B. Initial Maintenance Service for Ground Cover and Other Plants:  Provide maintenance by skilled 
employees of landscape Installer.  Maintain as required in Part 3.  Begin maintenance immediately 
after plants are installed and continue until plantings are acceptably healthy and well established but 
for not less than maintenance period below. 


1. Maintenance Period:  12 Months from date of Substantial Completion. 


C. Continuing Maintenance Proposal:  From Installer to Owner, in the form of a standard yearly (or other 
period) maintenance agreement, starting on date initial maintenance service is concluded.  State 
services, obligations, conditions, and terms for agreement period and for future renewal options. 


PART 2 - PRODUCTS 


2.1 PLANT MATERIAL 


A. General:  Furnish nursery-grown plants true to genus, species, variety, cultivar, stem form, shearing, 
and other features indicated in Plant Schedule or Plant Legend shown on Drawings and complying 
with ANSI Z60.1; and with healthy root systems developed by transplanting or root pruning.  Provide 
well-shaped, fully branched, healthy, vigorous stock, densely foliated when in leaf and free of 
disease, pests, eggs, larvae, and defects such as knots, sun scald, injuries, abrasions, and 
disfigurement. 


1. Trees with damaged, crooked, or multiple leaders; tight vertical branches where bark is 
squeezed between two branches or between branch and trunk ("included bark"); crossing 
trunks; cut-off limbs more than 3/4 inch in diameter; or with stem girdling roots will be rejected. 


2. Collected Stock:  Do not use plants harvested from the wild, from native stands, from an 
established landscape planting, or not grown in a nursery unless otherwise indicated. 


B. Provide plants of sizes, grades, and ball or container sizes complying with ANSI Z60.1 for types and 
form of plants required.  Plants of a larger size may be used if acceptable to Architect, with a 
proportionate increase in size of roots or balls. 


C. Root-Ball Depth:  Furnish trees and shrubs with root balls measured from top of root ball, which shall 
begin at root flare according to ANSI Z60.1.  Root flare shall be visible before planting. 


D. Labeling:  Label at least one plant of each variety, size, and caliper with a securely attached, 
waterproof tag bearing legible designation of common name and full scientific name, including genus 
and species.  Include nomenclature for hybrid, variety, or cultivar, if applicable for the plant as shown 
on Drawings. 


E. If formal arrangements or consecutive order of plants is shown on Drawings, select stock for uniform 
height and spread, and number the labels to assure symmetry in planting. 


F. Annuals and Biennials:  Provide healthy, disease-free plants of species and variety shown or listed, 
with well-established root systems reaching to sides of the container to maintain a firm ball, but not 
with excessive root growth encircling the container.  Provide only plants that are acclimated to 
outdoor conditions before delivery. 
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2.2 MULCHES 


A. Organic Mulch:  Free from deleterious materials and suitable as a top dressing of trees and shrubs, 
consisting of one of the following: 


1. Type:  Shredded hardwood. 
2. Size Range:  3-Inch maximum, ½-Inch minimum. 
3. Color:  Natural. 


B. Mineral Mulch 
1. Type: Black Star Gravel 
2. Size Range: 3/8-Inch to 5/8-Inch 
3. Color: Black. 


2.3 PESTICIDES 


A. General:  Pesticide registered and approved by EPA, acceptable to authorities having jurisdiction, 
and of type recommended by manufacturer for each specific problem and as required for Project 
conditions and application. Do not use restricted pesticides unless authorized in writing by authorities 
having jurisdiction. 


B. Pre-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling the germination or 
growth of weeds within planted areas at the soil level directly below the mulch layer. 


C. Post-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling weed growth that 
has already germinated. 


2.4 TREE STABILIZATION 


A. Lodge Pole Staking 
1. Tie wire:  12 gauge, galvanized wire. 
2. Black hose:  2 ply, fiber-reinforced hose, and minimum 1/2-Inch inside diameter.   


a. Stripes and markings shall not be visible on black hose. 
3. Lodge Pole: Stakes are to be 8-feet long by 2-Inch diameter. 


a. Material: Hardwood poles. 


B. T-Post Staking 
1. Tie wire:  12 gauge, galvanized wire. 
2. Black hose:  2 ply, fiber-reinforced hose, and minimum 1/2-Inch inside diameter.   


a. Stripes and markings shall not be visible on black hose. 
3. T-Post: Stakes are to be 6-feet long. 
4. Material: Painted Steel 


C. Below Grade Anchoring System: 
1. Proprietary Staking-and-Guying Devices:  Proprietary stake and adjustable tie systems to 


secure each new planting by plant stem; sized as indicated and per manufacturer's written 
recommendations. 


2. Products:  Subject to compliance with requirements, provide the following: 
a. Platipus Anchor System with Platimat. 
b. Substitutions not permitted. 
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2.5 LANDSCAPE EDGINGS 


A. Steel Edging:  Commercial steel edging fabricated in standard lengths with anchor stakes loops 
stamped in face of section.  Utilize manufactures steel anchoring stakes.  
1. Basis-of-Design: Subject to compliance with requirements, provide Borderline Concepts’ 


Border Line or comparable product. 
a. Thickness: 3/16-Inch 
b. Height: 5-Inch 
c. Stakes: 3/16-Inch by 15-Inch. 
d. Color: Black 


B. Aluminum Edging:  Standard-profile extruded-aluminum edging, ASTM B 221 , Alloy 6063-T6, 
fabricated in standard lengths with interlocking sections with loops stamped from face of sections to 
receive stakes. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 


following: 
2. Basis-of-Design Product:  Subject to compliance with requirements, provide Permaloc 


CleanLine or comparable product by one of the following: 
a. Curv-Rite, Inc. 
b. Russell, J. D. Company (The). 
c. Sure-Loc Edging Corporation. 


3. Edging Size:  1/8 inch wide by 5-1/2 inches deep. 
4. Stakes:  Aluminum, ASTM B 221, Alloy 6061-T6, approximately 1-1/2 inches wide by 12 


inches long. 
5. Finish:  Black anodized. 


2.6 ROOT BARRIERS 


A. Black, molded, modular panels manufactured with a minimum 50 percent recycled polyethylene 
plastic with ultraviolet inhibitors, 85 mils thick, with vertical root deflecting ribs protruding 3/4 inch out 
from panel, and each panel 24 inches ) wide by 24 inches deep. 


2.7 MISCELLANEOUS PRODUCTS 


A. Antidesiccant:  Water-insoluble emulsion, permeable moisture retarder, film forming, for trees and 
shrubs.  Deliver in original, sealed, and fully labeled containers and mix according to manufacturer's 
written instructions. 


B. Burlap:  Non-synthetic, biodegradable. 


C. Planter Drainage Gravel:  Washed, sound stone or gravel complying with ASTM C33 for Size No. 7. 
1. Size: 1/2-Inch to No. 4. 
2. Material: Pea Gravel, Washed. 


D. Rain Garden / Bio-Swale Drainage Gravel: 
1. Pea Gravel: 1/4  inch to 3/8 inch, washed and cleaned. 


E. Planter Filter Fabric:  Nonwoven geotextile manufactured for separation applications and made of 
polypropylene, polyolefin, or polyester fibers or combination of them.  
1. Filter fabric is not required between planting soil and mulch. 


F. Rain Garden / Bio-Swale Filter Fabric: Utilize the product listed below or approved equivalent. 
1. Mirafi FW 300, Manufacture: US Fabrics Inc. 
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G. Mycorrhizal Fungi:  Dry, granular inoculant containing at least 5300 spores per lb of vesicular-
arbuscular mycorrhizal fungi and 95 million spores per lb of ectomycorrhizal fungi, 33 percent 
hydrogel, and a maximum of 5.5 percent inert material. 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Verification of Conditions: Examine the areas to receive the Work and the conditions under which the 
Work would be performed.  Remedy conditions detrimental to the proper and timely completion of the 
Work.  Do not proceed until unsatisfactory conditions have been corrected. 


B. Examine areas to receive plants for compliance with requirements and conditions affecting 
installation and performance. 


1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete 
slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, 
turpentine, tar, roofing compound, or acid has been deposited in soil within a planting area. 


2. Do not mix or place soils and soil amendments in frozen, wet, or muddy conditions. 
3. Suspend soil spreading, grading, and tilling operations during periods of excessive soil 


moisture until the moisture content reaches acceptable levels to attain the required results. 
4. Uniformly moisten excessively dry soil that is not workable and which is too dusty. 


C. Proceed with installation only after unsatisfactory conditions have been corrected. 


D. If contamination by foreign or deleterious material or liquid is present in soil within a planting area, 
remove the soil and contamination as directed by Architect and replace with new planting soil. 


3.2 PREPARATION 


A. Protect structures, utilities, sidewalks, pavements, and other facilities and turf areas and existing 
plants from damage caused by planting operations. 


B. Install erosion-control measures to prevent erosion or displacement of soils and discharge of soil-
bearing water runoff or airborne dust to adjacent properties and walkways. 


C. Lay out individual tree and shrub locations and areas for multiple plantings.  Stake locations, outline 
areas, adjust locations when requested, and obtain Landscape Architect's acceptance of layout 
before excavating or planting.  Make minor adjustments as required. 


D. Apply antidesiccant to trees and shrubs using power spray to provide an adequate film over trunks 
(before wrapping), branches, stems, twigs, and foliage to protect during digging, handling, and 
transportation. 


1. If deciduous trees or shrubs are moved in full leaf, spray with antidesiccant at nursery before 
moving and again two weeks after planting. 


2. Follow antidesiccant manufactures written instructions for use.  Do not apply antidesiccant to 
any incompatible plant or tree types as specified by the manufacture.   
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3.3 PLANTING AREA ESTABLISHMENT 


A. Prepare planting area soils per Planting Soil Preparation Specification. 


B. Before planting, obtain Landscape Architect's acceptance of finish grading; restore planting areas if 
eroded or otherwise disturbed after finish grading. 


C. Application of Mycorrhizal Fungi:  Broadcast dry product uniformly over prepared soil at application 
rate indicated by manufacturer’s recommendations. 


3.4 EXCAVATION FOR TREES AND SHRUBS 


A. Planting Pits and Trenches:  Excavate circular planting pits with sides sloping inward at a 45-degree 
angle.  Excavations with vertical sides are not acceptable.  Trim perimeter of bottom leaving center 
area of bottom raised slightly to support root ball and assist in drainage away from center.  Do not 
further disturb base.  Ensure that root ball will sit on undisturbed base soil to prevent settling.  Scarify 
sides of planting pit smeared or smoothed during excavation. 


1. Excavate approximately three times as wide as ball diameter for balled and burlapped stock. 
2. Excavate at least 3 times wider than root spread and deep enough to accommodate vertical 


roots for bare-root stock. 
3. Do not excavate deeper than depth of the root ball, measured from the root flare to the bottom 


of the root ball. 
4. If area under the plant was initially dug too deep, add soil to raise it to the correct level and 


thoroughly tamp the added soil to prevent settling. 
5. Maintain required angles of repose of adjacent materials as shown on the Drawings.  Do not 


excavate subgrades of adjacent paving, structures, hardscapes, or other new or existing 
improvements. 


6. Keep excavations covered or otherwise protected when unattended by Installer's personnel. 
7. If drain tile is shown on Drawings or required under planting areas, excavate to top of porous 


backfill over tile. 


B. Subsoil and topsoil removed from excavations may not be used as Planting Soil. 


C. Obstructions:  Notify Landscape Architect if unexpected rock or obstructions detrimental to trees or 
shrubs are encountered in excavations. 


1. Hardpan Layer:  Drill 6-inch diameter holes, 24 inches apart, into free-draining strata or to a 
depth of 10 feet, whichever is less, and backfill with free-draining material. 


3.5 TREE, SHRUB, AND VINE PLANTING 


A. Before planting, verify that root flare is visible at top of root ball according to ANSI Z60.1.  If root flare 
is not visible, remove soil in a level manner from the root ball to where the top-most root emerges 
from the trunk.  After soil removal to expose the root flare, verify that root ball still meets size 
requirements. 


B. Remove stem girdling roots and kinked roots.  Remove injured roots by cutting cleanly; do not break. 


C. Set balled and burlapped stock plumb and in center of planting pit or trench with root flare 2 inches 
above adjacent finish grades. 


1. Use planting soil as indicated for backfill. 
2. After placing some backfill around root ball to stabilize plant, carefully cut and remove burlap, 


rope, and wire baskets from tops of root balls and from sides, but do not remove from under 
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root balls.  Remove pallets, if any, before setting.  Do not use planting stock if root ball is 
cracked or broken before or during planting operation. 


3. Backfill with planting soil around root ball in layers, tamping to settle soil and eliminate voids 
and air pockets.  When planting pit is approximately one-half filled, water thoroughly before 
placing remainder of backfill.  Repeat watering until no more water is absorbed. 


4. Place planting tablets in each planting pit when pit is approximately one-half filled; in amounts 
recommended in soil reports from soil-testing laboratory.  Place tablets beside the root ball 
about 1 inch (25 mm) from root tips; do not place tablets in bottom of the hole. 


5. Continue backfilling process.  Water again after placing and tamping final layer of soil. 


D. Set container-grown stock plumb and in center of planting pit or trench with root flare 1 inch above 
adjacent finish grades. 


1. Use planting soil as indicated for backfill. 
2. Carefully remove root ball from container without damaging root ball or plant. 
3. Backfill around root ball in layers, tamping to settle soil and eliminate voids and air pockets.  


When planting pit is approximately one-half filled, water thoroughly before placing remainder 
of backfill.  Repeat watering until no more water is absorbed. 


4. Place planting tablets in each planting pit when pit is approximately one-half filled; in amounts 
recommended in soil reports from soil-testing laboratory.  Place tablets beside the root ball 
about 1 inch (25 mm) from root tips; do not place tablets in bottom of the hole. 


5. Continue backfilling process.  Water again after placing and tamping final layer of soil. 


E. When planting on slopes, set the plant so the root flare on the uphill side is flush with the surrounding 
soil on the slope; the edge of the root ball on the downhill side will be above the surrounding soil.  
Apply enough soil to cover the downhill side of the root ball. 


3.6 MECHANIZED TREE SPADE PLANTING 


A. Trees may be planted with an approved mechanized tree spade at the designated locations.  Do not 
use tree spade to move trees larger than the maximum size allowed for a similar field-grown, balled-
and-burlapped root-ball diameter according to ANSI Z60.1, or larger than the manufacturer's 
maximum size recommendation for the tree spade being used, whichever is smaller. 


B. When extracting the tree, center the trunk within the tree spade and move tree with a solid ball of 
earth. 


C. Cut exposed roots cleanly during transplanting operations. 


D. Use the same tree spade to excavate the planting hole as was used to extract and transport the tree. 


E. Plant trees as shown on Drawings, following procedures in "Tree, Shrub, and Vine Planting" Article. 


F. Where possible, orient the tree in the same direction as in its original location. 


3.7 TREE, SHRUB, AND VINE PRUNING 


A. All Standard Pruning Practices shall comply with ANSI A300 (Part1)-2008. 


B. Remove only dead, dying, or broken branches.  Do not prune for shape. 


C. Prune, thin, and shape trees, shrubs, and vines as directed by Architect. 
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D. Prune, thin, and shape trees, shrubs, and vines according to standard professional horticultural and 
arboricultural practices.  Unless otherwise indicated by Architect, do not cut tree leaders; remove only 
injured, dying, or dead branches from trees and shrubs; and prune to retain natural character. 


E. Do not apply pruning paint to wounds. 


3.8 GROUND COVER AND PLANT PLANTING 


A. Set out and space ground cover and plants other than trees, shrubs, and vines as indicated in even 
rows with spacing provided. 


B. Use planting soil as indicated for backfill. 


C. Dig holes large enough to allow spreading of roots. 


D. For rooted cutting plants supplied in flats, plant each in a manner that will minimally disturb the root 
system but to a depth not less than two nodes. 


E. Work soil around roots to eliminate air pockets and leave a slight saucer indentation around plants to 
hold water. 


F. Water thoroughly after planting, taking care not to cover plant crowns with wet soil. 


G. Protect plants from hot sun and wind; remove protection if plants show evidence of recovery from 
transplanting shock. 


3.9 PLANTING AREA MULCHING 


A. Organic Mulch: Place mulch on surfaces of planting areas and other areas indicated on Drawings. 
1. Apply 3-inch average thickness of organic mulch over whole surface of planting area, and 


finish level with adjacent finish grades.  Do not place mulch within 3 inches of trunks or stems. 
2. Ensure 100% complete coverage with organic mulch.  Thickness of mulch shall be 3” at date 


of Substantial Completion. 


B. Mineral Mulch: Place mulch on surfaces of planting areas and other areas indicated on Drawings. 
1. Install filter fabric / weed control barrier below mineral mulch. 
2. Apply 4-inch average thickness of mineral mulch over whole surface of designated area, and 


finish level with adjacent finish grades.  Do not place mulch within 3 inches of trunks or stems. 
3. Ensure 100% complete coverage with mineral mulch. 


3.10 EDGING INSTALLATION 


A. Provide edging at interface of planted areas and lawn areas unless specifically indicated otherwise 
on Drawings.  Set edging as indicated in true lines as designed with top of edging one inch above 
finish grade. 


B. Provide and install touch-up primer and paint at any steel edging that has been chipped during 
construction. 


C. Utilize manufacture’s corner accessories for all 90-degree turns in the edging. 
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3.11 TREE STABILIZATION 


A. Stake trees immediately following planting operation.  Take precautions during staking operation to 
prevent damage or injury to branches and roots.  Orient all stakes within each cluster or row of trees 
in the same direction or as directed by Landscape Architect. 


B. Provide additional staking, staking systems, and stabilizations systems as required to maintain the 
trees in the upright position. 


C. Below Grade Anchoring System: 
1. Proprietary Staking and Guying Device:  Install staking and guying system sized and 


positioned as recommended by manufacturer unless otherwise indicated and according to 
manufacturer's written instructions. 


3.12 ROOT-BARRIER INSTALLATION 


A. Install root barrier where trees are planted within 60 inches of paving or other hardscape elements, 
such as walls, curbs, and walkways unless otherwise shown on Drawings. 


B. Align root barrier vertically and run it linearly along and adjacent to the paving or other hardscape 
elements to be protected from invasive roots. 


C. Install root barrier continuously for a distance of 60 inches in each direction from the tree trunk, for a 
total distance of 10-feet per tree.  If trees are spaced closer, use a single continuous piece of root 
barrier. 
1. Position top of root barrier 1/2-inch above finish grade. 
2. Overlap root barrier a minimum of 12-inches at joints. 
3. Do not distort or bend root barrier during construction activities. 
4. Do not install root barrier surrounding the root ball of tree. 


3.13 PLANT MAINTENANCE 


A. Maintain plantings by pruning, cultivating, watering, weeding, fertilizing, mulching, restoring planting 
saucers, adjusting and repairing tree-stabilization devices, resetting to proper grades or vertical 
position, and performing other operations as required to establish healthy, viable plantings.  Spray or 
treat as required to keep trees and shrubs free of insects and disease. 


B. Fill in as necessary soil subsidence that may occur because of settling or other processes.  Replace 
mulch materials damaged or lost in areas of subsidence. 


C. Apply treatments as required to keep plant materials, planted areas, and soils free of pests and 
pathogens or disease.  Use integrated past management practices whenever possible to minimize 
the use of pesticides and reduce hazards.  Treatments include physical controls such as hosing off 
foliage, mechanical controls such as traps, and biological control agents. 


3.14 PESTICIDE APPLICATION 


A. Apply pesticides and other chemical products and biological control agents in accordance with 
authorities having jurisdiction and manufacturer's written recommendations.  Coordinate applications 
with Owner's operations and others in proximity to the Work.  Notify Owner before each application is 
performed. 


B. Pre-Emergent Herbicides (Selective and Non-Selective):  Apply to tree, shrub, and ground-cover 
areas in accordance with manufacturer's written recommendations.  Do not apply to seeded areas. 
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C. Post-Emergent Herbicides (Selective and Non-Selective):  Apply only as necessary to treat already-
germinated weeds and in accordance with manufacturer's written recommendations. 


3.15 CLEANUP AND PROTECTION 


A. During planting, keep adjacent paving and construction clean and work area in an orderly condition. 


B. Protect plants from damage due to landscape operations and operations of other contractors and 
trades.  Maintain protection during installation and maintenance periods.  Treat, repair, or replace 
damaged plantings. 


C. After installation and before Substantial Completion, remove nursery tags, nursery stakes, tie tape, 
labels, wire, burlap, and other debris from plant material, planting areas, and Project site. 


D. Protect all hardscape installations during the installation of fertilizer.  Immediately clean-up any 
fertilizer placed on hardscape surfaces. 


E. Rain Garden / Bio-Swale Protection: 
1. Erect temporary fencing or barricades and warning signs as required to protect newly planted 


Rain Garden areas from traffic.  Maintain fencing and barricades throughout initial 
maintenance period and remove after plantings are established. 


3.16 DISPOSAL 


A. Remove surplus soil and waste material including excess subsoil, unsuitable soil, trash, and debris 
and legally dispose of them off Owner's property. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 GENERAL 


A. The work of this section consists of all Structural Soil work and related items as indicated on the 
drawings or as specified herein and includes, but is not limited to, the following: 


1. CU Soil™ is a proprietary material patented by Cornell University (US Patent # 5,849,069).  
Only licensed producers are allowed to supply this material, meeting the specifications 
described in this text.  For a list of licensed CU-SoilTM producers, call AMEREQ, INC. at 
1-800-832-8788. 


B. The following documents form part of the Specifications to the extent stated. Where differences 
between exist between codes and standards, the one affording the greatest protection shall apply. 


 
1.2 REFERENCES AND STANDARDS 


A. The following references are used herein and shall mean 
1. ASTM:  American Society of Testing Materials 
2.  USDA:  United States Department of Agriculture 
3.  AASHTO:  American Association of State Highway and Transportation Officials 
4.  Standard Specifications:  Regional or Municipal Standard Specifications Documentation for the 


location of proposed usage 
5.  AOAC:  Association of Official Agricultural Chemists  
 


1.3 SAMPLES AND SUBMITTALS 


A. At least 30 days prior to ordering materials, the Contractor shall submit to the Engineers 
representative samples, certificates, manufacturer’s literature and certified tests for materials 
specified below.  No materials shall be ordered until the required samples, certificates, 
manufacturer’s literature and test results have been reviewed and approved by the Engineer.  
Delivered materials shall closely match the approved samples.  Approval shall not constitute final 
acceptance.  The engineer reserves the right to reject, on or after delivery, any material that does not 
meet these specifications. 
 


B. Submit two, one-half cubic foot representative samples of Clay Loam and one, one cubic foot 
representative samples Structural Soil mixes in this section for testing, analysis and approval.  Submit 
one set of samples for every 500 CY of material to be delivered.  In the event of multiple source fields 
for Clay Loam, submit a minimum of one set of samples per source field or stockpile.  Samples shall 
be taken randomly throughout the field or stockpile at locations as directed by the Engineer and 
packaged in the presences of the Engineer.  Samples shall be labeled to include the location of the 
source of the material, the date of the sample and the Contractor’s name.  One of the two samples is 
to be used by testing laboratory for testing purposes.  The second sample of all Clay Loam and 
Structural Soil shall be submitted to the Engineer at the same time as test analysis as a record of the 
soil color and texture. 
1. Submit the locations of all source fields for Clay Loam. 
2. Submit a list of all chemicals and herbicides applied to the Clay Loam for the last five years and 


a list of all crops grown in the Clay Loam source fields for the last three years. 
 


C.  Submit soil test analysis reports for each sample of Clay Loam and Structural Soil from an approved 
soil-testing laboratory.  The test results shall report the following: 
1. The soil testing laboratory shall be approved by the Engineer.  The testing laboratory for particle 


size and chemical analysis may be a public agricultural extension service agency or agricultural 
experiment station. 
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2. Submit a bulk density of the sample and particle size analysis including the following gradient of 
mineral content: 


 
 
 
    USDA Designation   Size in mm. 
      Gravel    +2 mm 
      Sand    0.05 – 2 mm 
      Silt    0.002-0.05 mm 
      Clay    minus 0.002 mm 
  
 Sieve analysis shall be performed and compared to USDA Soil Classification System.  Sieve 


analysis shall be done by a combined hydrometer and wet sieving using sodium 
hexametaphosphate as a dispersant in compliance with ASTM D422 after destruction of organic 
matter by hydrogen peroxide. 


 3. Submit a chemical analysis, performed in accordance with current AOAC Standards, 
including the following: 


 a. pH and Buffer pH. 
 b. Percent organic matter as determined by the loss of ignition of oven dried 


samples.  Test samples shall be oven dried to a constant weight at a 
temperature of 230 degrees F, plus or minus 9 degrees. 


c. Analysis for nutrient levels by parts per million including nitrate nitrogen, 
ammonium nitrogen, phosphorus, potassium, magnesium, manganese, iron, 
zinc, calcium and extractable aluminum.  Nutrient test shall include the testing 
laboratory recommendations for supplemental additions to the soil as calculated 
by the amount of material to be added per volume of soil for the type of plants to 
be grown in the soil. 


 d. Analysis for levels of toxic elements and compounds including arsenic, 
boron, cadmium, chromium, copper, lead, mercury, molybdenum, nickel, zinc 
and PCB.  Test results shall be cited in milligrams per kilogram. 


 e.  Soluble salt by electrical conductivity of a 1:2 soil/water sample measured 
in Millimho per cm. 


 f.  Cation Exchange Capacity (CEC). 
g. Carbon/Nitrogen Ratio. 


4. Submit 5-point minimum moisture density curve AASHTO T 99 test results for each Structural 
Soil sample without removing oversized aggregate. 


5. Submit Bearing Ratio test results for each Structural Soil sample compacted to peak standard 
density.  The soaked CBR shall equal or exceed a value of 50. 


6. Submit measured dry-weight percentage of stone in the mixture. 
7. The approved Structural Soil samples shall be the standard for each lot of 500 cubic yards of 


material. 
8. All testing and analysis shall be at the expense of the Contractor. 


 
D. Maintenance Instructions:  Prior to the time of Final Acceptance of the Work, submit maintenance 


instructions for the use, removal and replacement of Structural Soil for the licensor’s (Amereq Corp.) 
use.  The instructions shall be reviewed by the Project Engineer as a pre-condition for Final 
Acceptance of the Work. 


E. Submit to the Landscape Architect for review a proposed plan and vertical section layout of all 
Structural Soil. 


F. Submit one cubic foot sample per each 500 cubic yards of required material, and for each sample, 
the following analysis for all Crushed Stone.  The soil testing laboratory shall be approved by the 
Engineer. 


1. Provide a particle size analysis including the following gradient of mineral content: 
 
  USDA Designation  Size in mm. 
   3@    +76 mm 
   2-1/2@    63-76 mm 
   2@    50-63 mm 
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   1-1/2@    37-50 mm 
   1@    25-37 mm 
   ¾@    19-25 mm 
   Fine gravel       2-19 mm 
   Sand      0.05-2 mm 
   Silt      0.002-0.05 mm 
   Clay      minus 0.002 mm 
 
2. Provide the manufacturers analysis of the following: 


a. Loose and rodded unit weight. 
b. Bulk specific gravity and absorbency. 
c. Stone dimension and surface texture description. 
d. Documentation of acceptance for use as DOT approved aggregate by the appropriate 


regional DOT. 
3. Provide a percent pore space analysis defined as follows: 


a. Rodded Unit Weight divided by the Bulk Specific Gravity X 100 
 


A. Submit one pound sample of each type of fertilizer and three certificates showing composition and 
analysis.  Submit the purchasing receipt for each fertilizer showing the total quantity purchased for the 
project prior to installation. 


B. Submit the Landscape or Pavement Material Contractor’s qualifications outlining projects of similar 
quality, schedule requirements and construction detailing over the last five years.  Qualifications shall 
include: the names of all similar projects, year completed, location, description of the scope of work 
including the types and quantities of planting mix/pavement material installed and the name, address 
and telephone number of the owner or the owner’s representative. 


 
1.4 DELIVERY, STORAGE AND HANDLING 
 


A. Do not deliver or place soils in frozen, wet, or muddy conditions. Material shall be delivered at or near 
optimum compaction moisture content as determined by AASHTO T99 (ASTM D 698).  Do not deliver 
or place materials in an excessively moist condition (Beyond two percent above optimum compaction 
moisture content as determined by AASHTO T 99 (ASTM D 698). 


B. Protect soils and mixes from absorbing excess water and from erosion at all times.  Do not store 
materials unprotected from large rainfall events.  Do not allow excess water to enter site prior to 
compaction.  If water is introduced into the material after grading, allow material to drain or aerate to 
optimum compaction moisture content. 


 
1.5 EXAMINATIONS OF CONDITIONS 
 


A. All areas to receive Structural Soil shall be inspected by the Contractor before starting work and all 
defects such as incorrect grading, compaction and inadequate drainage etc. shall be reported to the 
Engineer prior to beginning this work. 


B. The Contractor shall be responsible for judging the full extent of work requirements involved, including 
but not limited to the potential need for temporary storage and staging of soils, including moving soil 
stock piles at the site to accommodate scheduling of other work and the need to protect installed soils 
from compaction, erosion and contamination. 


 
1.6 QUALITY ASSURANCE 
 


A. Qualifications of Landscape or Pavement material Contractor:  The work of this section shall be 
performed by a Landscape Contracting firm which has a minimum of five years experience 
successfully installing planting mix of a similar quality, schedule requirement and construction detailing 
to this project.  Proof of this experience shall be submitted as per paragraph, SAMPLES and 
SUBMITTALS, of this Section. 


A. Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of the 
Work. 
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B. Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction.  Obtain necessary 
approvals from all such authorities. 


PART 2 - MATERIALS 
2.1 CLAY LOAM 


A. Clay Loam shall be a “loam” based on the “USDA classification system” as determined by mechanical 
analysis (ASTM D-422) and it shall be of uniform composition, without admixture of subsoil.  It shall be 
free of stones greater than one-half inch, lumps, plants and their roots, debris and other extraneous 
matter over one inch in diameter or excess of smaller pieces of the same materials as determined by 
the Engineer.  It shall not contain toxic substances harmful to plant growth.  It shall be obtained from 
naturally well-drained areas, which have never been stripped of topsoil before and have a history of 
satisfactory vegetative growth.  Clay loam shall contain not less than 2% or more than 5% organic 
matter as determined by the loss on ignition of over-dried samples.  Test samples shall be oven-dried 
to a constant weight at a temperature of 230 degrees F., plus or minus 9 degrees. 


B. Mechanical analysis for a Loam/Clay Loam shall be as follows: 
     Textural Class   % of Total Weight 
      Gravel    less than 5% 
      Sand    20-45% 
      Silt    20-50% 
      Clay    20-40% 
 
C. Chemical analysis:  Meet or be amended to meet the following criteria: 


1. pH between 5.5 to 6.5. 
2. Percent organic matter 2-5% by dry weight. 
3. Nutrient levels as required by the testing laboratory recommendations for the type of plants to 


be grown in the soil. 
4. Toxic elements and compounds below the United States Environmental Protection Agency 


Standards for Exceptional Quality sludge or local standard; whichever is more stringent. 
5. Soluble salt less than 1.0 Millimho per cm. 
6. Cation Exchange Capacity (CEC) greater than 10. 
7. Carbon/Nitrogen Ratio less than 33:1. 


C. Loam/Clay Loam shall be the product of a commercial processing facility specializing in production of 
stripped natural topsoil.  No topsoil shall come from USDA - classified prime farmland. 


 
2.2 FERTILIZER 
 


A. Commercial fertilizer complying with State and United States fertilizer laws.  Deliver fertilizer in original 
unopened containers, which shall bear the manufacturer’s certificate of compliance covering analysis, 
which shall be furnished to the Engineer.  Fertilizer shall be formulated for mixing into the soil and be 
certified by the manufacturer to provide controlled release of nitrogen continuously for a period of no 
less than nine months and no more than 12 months. 


B. Fertilizer percentages of weight of ingredients and application rates shall be as recommended by the 
soil testing results. 


 
2.3 SULFUR (if needed) 
 


A. Sulfur shall be commercial granular, 96% pure sulfur, delivered in containers with the name of the 
manufacturer, material and analysis appearing on the container. 


B. Sulfur used to lower soil pH above 6.5 shall be ferrous sulfate formulation. 
 


2.4 LIME (if needed) 
 


A. Agricultural limestone containing a minimum of 85% carbonates.  Minimum gradation: 100% passing 
10 mesh sieve; 98% passing 20 mesh sieve; 55% passing 60 mesh sieve and 40% passing 100 mesh 
sieve. 
 


2.5 CRUSHED STONE 
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A. Crushed Stone shall be a DOT certified crushed stone.  Granite and limestone have been successfully 


used in this application.  The size of the crushed stone shall be 0.75 inches to 1.5 inches allowing for 5 
– 10% to be greater than 1.5 inches, and 5 – 10% less than 0.75 inches.   


B. Acceptable aggregate dimensions will not exceed 2.5:1.0 for any two dimensions chosen. 
C. Minimum 90% with one fractured face, minimum 75% with two or more fractured faces. 
D. Results of Aggregate Soundness Loss test shall not exceed 18%. 
E. Losses from LA Abrasion tests shall not exceed 40%. 


2.6  HYDROGEL 
 


A. Hydrogel shall be a potassium propenoate-propenamide copolymer Hydrogel (Gelscape® Hydrogel 
Tackifier) as manufactured by Amereq Corp. (800) 832-8788 


2.7 WATER 
A. The Contractor shall be responsible to furnish his own supply of water to the site at no extra cost.  All 


work inured or damaged due to the lack of water, or the use of too much water, shall be the 
Contractor’s responsibility to correct.  Water shall be free from impurities injurious to vegetation. 


2.8 STRUCTURAL SOIL 
 


A. A uniformly blended mixture of crushed Stone, Clay Loam and Hydrogel, mixed to the following 
proportion: 


      Material     Unit of 
Weight 


      Crushed Stone  100 units dry weight 
      Loam     as 


determined by the test of the mix         
       (approx. 20 units) 


      Hydrogel    0.03 units 
dry weight 


      Total moisture   AASHTO T-99 
optimum moisture 


 


B. The initial mix design for testing shall be determined by adjusting the ratio between the Crushed 
Stone and the clay loam.  Adjust final mix dry weight mixing proportion to decrease soil in mixture if 
CBR test results fail to meet acceptance (CBR #50). 


 
PART 3 – CONSTRUCTION METHODS 
3.1  MIX DESIGN 
 


A. Prepare sample Structural Soil mixes to determine the ratio of mix components.  Submit for approval.   
1. Submit samples and the test results of each mix component for approval.  Based on samples 


and the analysis of the mix components, the Engineer and the Contractor will jointly determine a 
mix ratio to be tested for conformance with the requirements of the specifications.  For Structural 
Soil quantities greater than 500 cubic yards, test the mix ratio for each Clay Loam or Crushed 
Stone where the testing indicates a significant difference in physical analysis of the Clay Loam 
or Crushed Stone as determined by the Engineer. 


2. The Contractor shall prepare the samples of the proposed mix ratio options and obtain soil test 
as described in paragraph 1.3 C.  Submit the samples of each of the mixes with the test results. 


3. The Engineer may request additional Structural Soil mix ratio samples to be tested in the event 
that further refinement of the mix is necessary. 


4. Submit to the Engineer proposed fertility amendment recommendations including amounts and 
types of fertilizers and pH adjustments for each mix ratio.  Fertility adjustments shall be included 
as part of the mixing process. 


 
3.2  SOIL MIXING AND QUALITY CONTROL TESTING 


A. All Structural Soil mixing shall be performed at the Producer’s yard using appropriate soil measuring, 
mixing and shredding equipment of sufficient capacity and capability to assure proper quality control 
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and consistent mix ratios.  No mixing of Structural Soil at the project site shall be permitted.  Portable 
pugging may be used. 
1. Maintain adequate moisture content during the mixing process.  Soils and mix components shall 


easily shred and break down without clumping.  Soil clods shall easily break down into a fine 
crumbly texture.  Soils shall not be overly wet or dry.  The contractor shall measure and monitor 
the amount of soil moisture at the mixing site periodically during the mixing process. 


2. A mixing procedure for front-end loader shall be as follows: 
a. On a flat asphalt or concrete paved surface, spread an 8 inch to 12 inch layer of crushed 


stone. 
b. Spread evenly over the stone the specified amount of dry hydrogel. 
c. Spread over the dry hydrogel and crushed stone a proportional amount of clay loam 


according to the mix design. 
d. Blend the entire amount by turning, using a front-end loader or other suitable equipment 


until a consistent blend is produced. 
e. Add moisture gradually and evenly during the blending and turning operation as required 


to achieve the required moisture content.  Delay applications of moisture for 10 minutes 
prior to successive applications.  Once established, mixing should produce a material 
within 1% of the optimum moisture level for compaction. 


3. A pugging operation mixing procedure may be as follows: 
a. Feed a know weight of crushed stone into the mixing trough. 
b. Add hydrogel as a slurry into trough and mix slurry and stone into a uniform blend. 
c. Meter in soil in proper proportion of Clay loam soil.  While stone-slurry mixture is in 


motion. 
d. Add water to bring mixture to target moisture content after factoring in water from the 


slurry and the Clay-loam moistures. 
e. Auger out to stockpile or transport vehicle (or into pit if using portable pugging operation). 


4. Add soil amendments to alter soil fertility including fertilizers and pH adjustment at the time of 
mixing at the rates recommended by the soil test. 
a. Soil pH shall be adjusted to fall within a value of 5.5 and 6.5 two months after mixing if 


the material is stored, unless mixing with a high pH stone.  Once pavement is laid, no 
adjustment should be imposed. 


b. Soil component carbon/nitrogen ratio shall be adjusted to be less than 33:1 within two 
months after mixing. 


 
B. The Producer shall mix sufficient material in advance of the time needed at the job site to allow 


adequate time for final quality control testing as required by the progress of the work.  Structural Soil 
shall be stored in piles of approximately 500 cubic yards and each pile shall be numbered for 
identification and quality control purposes.  Storage piles shall be protected from rain and erosion by 
covering with plastic sheeting. 


C. During the mixing process, the Contractor obtains two, one cubic foot quality control samples per 500 
cubic yards of production from the final Structural Soil.  The samples shall be taken from random 
locations in the numbered stockpiles as required by paragraph 1.3.B of this specification.  Each 
sample shall be tested for particle size analysis and chemical analysis as described in Paragraph 
1.3.C.2 and 3 above.  Submit the results directly to the Engineer for review and approval. 


D. The quality control sample Clay Loam-Crushed Stone ratios shall be no greater or less than 2% of the 
approved test sample as determined by splitting a known weight of oven dried material on a #4 sieve.  
In the even that the quality control samples vary significantly from the approved Structural Soil sample, 
as determined by the Engineer, remix and retest any lot of soil that fails to meet the correct analysis 
making adjustments to the mixing ratios and procedures to achieve the approved consistency. 


 
3.3 UNDERGROUND UTILITIES AND SUBSURFACE CONDITIONS 
 


A. Notify the Engineer of any subsurface conditions which will affect the Contractor’s ability to complete 
the work. 


B. Locate and confirm the location of all underground utility lines and structures prior to the start of any 
excavation. 


C. Repair any underground utilities or foundations damaged by the Contractor during the progress of this 
work.  The cost of all repairs shall be at the Contractor’s expense. 
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3.4  SITE PREPARATION 
 


A. Do not proceed with the installation of the Structural Soil material until all walls, curb footings and utility 
work in the area have been installed.  For site elements dependent on Structural Soil for foundation 
support, postpone installation until immediately after the installation of Structural Soil. 


B. Install subsurface drain lines as shown on the Drawings prior to installation of Structural Soil material. 
C. Excavate and compact the proposed subgrade to depths, slopes and widths as shown on the 


Drawings.  Maintain all required angles of repose of the adjacent materials as shown on the drawings.  
Do not over excavate compacted subgrades of adjacent pavement or structures. 


D. Confirm that the subgrade is at the proper elevation and compacted as required.  Subgrade elevations 
shall slope parallel to the finished grade and or toward the subsurface drain lines as shown on the 
drawings. 


E. Clear the excavation of all construction debris, trash, rubble and any foreign material.  In the event that 
fuels, oils, concrete washout silts or other material harmful to plants have been spilled into the 
subgrade material, excavate the soil sufficiently to remove the harmful material.  Fill any over 
excavation with approved fill and compact to the required subgrade compaction. 


F. Do not proceed with the installation of Structural Soil until all utility work in the area has been installed.  
All subsurface drainage systems shall be operational prior to installation of Structural Soils. 


G. Protect adjacent walls, walks and utilities from damage or staining by the soil.  Use ½” plywood and or 
plastic sheeting as directed to cover existing concrete, metal and masonry work and other items as 
directed during the progress of the work. 
1. Clean up all trash and any soil or dirt spilled on any paved surface at the end of each working 


day. 
2. Any damage to the paving or architectural work caused by the soils installation Contractor shall 


be repaired by the general contractor at the soils installation contractor’s expense. 
H. Maintain all silt and sediment control devices required by applicable regulations.  Provide adequate 


methods to assure that trucks and other equipment do no track soil from the site onto adjacent 
property and the public right of way. 


3.5 INSTALLATION OF STRUCTURAL SOIL MATERIAL 
A. Install Structural Soil in 6 inch lifts and compact each lift to a 2’6” overall depth.. 
B. Compact all materials to peak dry density from a standard AASHTO compaction curve (AASHTO T 


99).  No compaction shall occur when moisture content exceeds maximum as listed herein.  Delay 
compaction 24 hours if moisture content exceeds maximum allowable and protect Structural Soil 
during delays in compaction with plastic or plywood as directed by the Engineer. 


C. Bring Structural Soils to finished grades as shown on the Drawings.  Immediately protect the Structural 
Soil material from contamination by toxic materials, trash, debris, water containing cement, clay, silt or 
materials that will alter the particle size distribution of the mix with plastic or plywood as directed by the 
Engineer. 


D. The Engineer may periodically check the material being delivered and installed at the site for color and 
texture consistency with the approved sample provided by the Contractor as part of the submittal for 
Structural Soil.  In the event that the installed material varies significantly from the approved sample, 
the Engineer may request that the Contactor test the installed Structural Soil.  Any soil which varies 
significantly from the approved testing results, as determined by the Engineer, shall be removed and 
new Structural Soil installed that meets these specifications. 


3.6 FINE GRADING 
 


A. After the initial placement and rough grading of the Structural Soil but prior to the start of fine grading, 
the Contractor shall request review of the rough grading by the Engineer.  The Contractor shall set 
sufficient grade stakes for checking the finished grades. 


B. Adjust the finish grades to meet field conditions as directed. 
1. Provide smooth transitions between slopes of different gradients and direction. 
2. Fill all dips with CU-SoilTM and remove any bumps in the overall plane of the slope. 


 
a. The tolerance for dips and bumps in Structural Soil areas shall be a 3” deviation from the 


plane in 10’. 
3. All fine grading shall be inspected and approved by the Engineer prior to the installation of other 


items to be placed on the Structural Soil 
C. The Engineer will inspect the work upon the request of the Contractor.  Request for inspection shall be 


received by the Engineer at least 10 days before the anticipated date of inspection. 
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3.7 ACCEPTANCE STANDARDS 
 


A. The Engineer will inspect the work upon the request of the Contractor.  Request for inspection shall be 
received by the Engineer at least 10 days before the anticipated date of inspection. 
 


3.8 CLEAN-UP 
 


A. Upon completion of the Structural Soil installation operations, clean areas within the contract limits.  
Remove all excess fills, soils and mix stockpiles and legally dispose of all waste materials, trash and 
debris.  Remove all tools and equipment and provide a clean, clear site.  Sweep, do not wash, all 
paving and other exposed surfaces of dirt and mud until the paving has been installed over the 
Structural Soil material.  Do no washing until finished materials covering Structural Soil material are in 
place. 


 
 


END OF SECTION 
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PART 1 - GENERAL 


1.1 SUMMARY 


A. The General Conditions and Division - 1 Specification sections apply to the work of this section. 


B. The following documents form part of the Specifications to the extent stated. Where differences exist 
between Codes, Standards, and the Documents, the one affording the greatest protection and/or 
more stringent condition shall apply. 


C. Sustainable Design Requirements: Provide the Work and submit documentation necessary for 
compliance with specified sustainable requirements. 


D. Section Includes: 


1. Decomposed granite aggregate paving with Stabilizer binder additive. 


1.2 SUBMITTALS 


A. Physical sample: One pound representative sample of specified decomposed granite. 


B. Product data: For each product indicated. 
1. Stabilizing Binder: Manufacturer’s information for stabilizing binder. 


C. Test Reports: for Decomposed Granite sieve analysis. 
1. Sieve analysis: for gradation of decomposed granite.  Sieve analysis is to be performed within 


one month of product data submission.  Outdated sieve analyses will be rejected. 
2. Geotextile fabric. 


D. Shop Drawings: Show details of installation including plans and section. 


E. Installation Procedures: Contractor’s installation procedures for installation of Decomposed Granite.  
Procedures to include stabilizer installation, placement of Decomposed Granite, and compaction of 
Decomposed Granite. 


1.3 QUALITY ASSURANCE 


A. Perform gradation of decomposed granite material in accordance with ASTM C 136 - Method for 
Sieve Analysis for Fine and Course. 


B. Preinstallation Conference:  Conduct conference at Project site to include Landscape Architect. 


C. Mock-ups:  Install 4 ft. wide x 10 ft. long mock-up of decomposed granite or 3/8" or 1/4" minus 
crushed aggregate paving with Stabilizer additive at location as directed by owner's representative. 


D. Installer to provide evidence to indicate successful experience in providing decomposed granite 
paving containing Stabilizer binder additive. 


E. Contractor’s Quality Control Responsibilities: Contractor is solely responsible for quality control of the 
Work. 
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F. Regulatory Requirements: Comply with applicable requirements of the laws, codes, ordinances and 
regulations of Federal, State and Municipal authorities having jurisdiction.  Obtain necessary 
approvals from all such authorities. 


1.4 TESTS 


A. Perform gradation of decomposed granite material in accordance with ASTM C 136 - Method for 
Sieve Analysis for Fine and Course. 


1.5 WARRANTY 


A. Warranty Period: Contractor shall provide a (1) year warranty for installation, material, and 
performance of final installed component system. 


1.6 ENVIRONMENTAL CONDITIONS 


A. Do not install decomposed granite paving during rainy conditions or below 40 degrees Fahrenheit 
and falling. 


1.7 EXCESS MATERIALS 


A. Provide Owner's representative with the following excess materials for use in future decomposed 
granite paving repair: 


1. Ten (10)  - 50 pound bags of decomposed granite  
2. One (1) - 40 lb. bag of the stabilizer additive 


PART 2 - PRODUCTS 


2.1 DECOMPOSED GRANITE SCREENINGS 


A. Color: Match Landscape Architects Control Sample. 


B. Crushed Stone Sieve Analysis Percentage of Weight Passing a Square Mesh Sieve AASHTO 
T11-82 and T27-82 
1/4” MINUS AGGREGATE GRADATION 
Sieve Designation Range of % Passing 
3/8” 100 
No. 4 95-100 
No. 8 75-80 
No. 16 55-65 
No. 30 40-50 
No. 50 25-35 
No. 100 20-25 
No. 200 5-15 


C. Sand and crushed stone shall consist of inert materials that are hard and durable, with stone free 
from surface coatings and deleterious materials. 
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D. Material to be washed as required by Landscape Architect to remove dirt, dust, etc.  Washing to be 
performed offsite or at a laydown area onsite as identified by the Contractor.  Material shall not be 
washed in place and/or during final installation.  Material washing shall be performed prior to mixing 
of stabilizer binder.  All moisture shall be removed as required by stabilizer binder manufacture’s 
installation requirements and instructions. 


2.2 STABILIZER BINDER 


A. Patented, non-toxic, organic binder that is a colorless and odorless concentrated powder that binds 
decomposed granite together to produce a firm surface. 
1. Provided by Stabilizer Solutions, Inc. 33 South 28th St., Phoenix, AZ 85034; phone (800) 


336-2468. Website stablizersolutions.com; email info@stabilizersolutions.com 


2.3 GEOTEXTILE FABRIC 


1. Woven Geotextiles Filter Fabric. 
a. US-200 Woven Geotextile, or approved equal. 


2. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
a. US Fabrics, Inc., 800-518-2290 


PART 3 - EXECUTION 


3.1 EXAMINATION 


A. Verification of Conditions: Examine the areas to receive the Work and the conditions under which the 
Work would be performed.  Remedy conditions detrimental to the proper and timely completion of the 
Work.  Do not proceed until unsatisfactory conditions have been corrected. 


3.2 SUBGRADE PREPARATION 


A. The subgrade preparation shall include the following: 


1. Prepare Subgrade to 8” below finished grade of the decomposed granite. 
2. Compact subgrade to 95% density. 


B. Lay filter fabric flat over the compacted subgrade, without wrinkles and carefully cut around 
necessary elements.  Utilize metal filter fabric staples as required to keep the fabric in place during 
installation. 


3.3 BLENDING STABILIZER 


A. Blend 15 pounds of Stabilizer per ton of decomposed granite or crushed 3/8-inch or 1/4-inch  minus 
aggregate screenings. It is critical that Stabilizer be thoroughly and uniformly mixed throughout 
decomposed granite screenings.  Bucket blending is not acceptable.  Blending with a rake and / or 
shovel is not acceptable.  Blend material dry. 
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3.4 PLACEMENT OF DECOMPOSED GRANITE SCREENINGS 


A. Place material in two (2) 2” lifts.  Dampen thoroughly, roll and compact each layer separately to 
achieve finished grade per plans.  Insure positive drainage. 


B. Upon thorough moisture penetration, compact aggregate screenings to 95% relative compaction by 
compaction equipment such as; double drum roller (2-4 ton) or single drum roller (1000 Ibs.) Do not 
use vibratory plate tamp or vibration function on roller. Do not begin compaction for 6 hours after 
placement and up to 48 hours. 


C. Take care in compacting decomposed granite screenings when adjacent to planting and irrigation 
systems. 
1. Do not compact decomposed granite within 3-feet of a tree trunk. 


D. Finished surface of pathway shall be smooth, uniform and solid.  There shall be no evidence of 
chipping or cracking.  Cured and compacted pathway shall be firm throughout profile with no spongy 
areas.  Loose material will not be present on the surface after installation, but may appear after use 
and according to environmental conditions.  Pathway shall remain stable underneath the loose 
granite on top.  Any significant irregularities in path surface shall be repaired to the uniformity of 
entire installation. 


3.5 INSPECTION 


A. Finished surface of pathway shall be smooth, uniform and solid.  There shall be no evidence of 
chipping or cracking.  Cured and compacted pathway shall be firm throughout profile with no spongy 
areas.  Loose material will not be present on the surface after installation, but may appear after use 
and according to environmental conditions.  Pathway should remain stable underneath the loose 
granite on top.  It is a “natural” looking pathway, yet stable throughout.  Any significant irregularities in 
path surface shall be repaired to the uniformity of the entire installation. 


3.6 REPAIRS AND PROTECTION 


A. Remove and replace decomposed granite paving that is damaged, defective or does not meet 
requirements of this section. 


B. Excavate damaged area to the depth of the Stabilized aggregate and square up side walls. 


C. If area is dry, moisten damaged portion lightly. 


D. Pre-blend the dry required amount of Stabilizer powder with the proper amount of aggregate in a 
concrete mixer. 


E. Add water to the pre-blended aggregate and Stabilizer. Thoroughly moisten mix with 25 to 35 gallons 
per ton of pre-blended material or to approximately 10% moisture content. 


F. Apply moistened pre-blended aggregate to excavated area to finish grade. 


G. Compact with an 8" to 10” hand tamp or 250 to 300 pound roller (if area is high traffic such as, cart 
path, driveway, parking lot, use a larger 1000 lb. roller). Keep traffic off areas for 12 to 48 1lours after 
repair has been completed. 
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3.7 MAINTENANCE 


A. Remove debris; such as paper, grass clippings, leaves or other organic material by mechanically 
blowing or hand raking the surface as needed. 


B. During the first year, a minor amount of loose aggregate will appear on the surface (1/1 6 to 1/4 
inch). If this material exceeds a 1/4 of an inch redistribute the material over the entire surface. Water 
thoroughly to the depth of 1”.  Compact with power roller of no less than 1000 Ibs. This process 
should be repeated as needed. 


C. If cracking occurs, sweep fines into the cracks, water thoroughly and hand tamp with an 8" to 10” 
hand tamp plate. 


D. Work soil around roots to eliminate air pockets and leave a slight saucer indentation around plants to 
hold water. 


 
 


END OF SECTION 








SAN DIEGO STATE UNIVERSITY SECTION 321216 
EIS COMPLEX ASPHALT PAVING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


321216 - 1 MICHAEL BAKER INTL 
 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. Asphalt concrete pavement. 


B. Aggregate base course.  


C. Paving accessories as specified. 


1.3 REFERENCES 


A. Standard Specifications for Public Works Construction (SSPWC - "Green Book") 2012 
Edition,State of California, Department of Transportation (CalTrans), Standard Specifications,  
including amendments.  


B. ASTM D 1188 - Test Method for Bulk Specific Gravity and Density of Compacted Bituminous 
Mixtures 


C. ASTM D1557  - Test Methods for Laboratory Compaction Characteristics of Soil Using Modified 
Effort (56,000 ft-lbf/ft3). 


D. ASTM D 2170 - Test Method for Kinematic Viscosity of Asphalts (Bituminous)  


E. ASTM D 2172 - Test Method for Quantitative Extraction of Bitumen from Bituminous Paving 
Mixtures 


1.4 SUBMITTALS 


A. Mix Design: Submit asphalt mix design prepared by a certified laboratory, selected by Owner 
and acceptable to Owner, for review and approval. 


B. Accompanying mix design, submit materials certificates signed by material producer and 
Contractor, certifying that each material item complies with, or exceeds, specified requirements. 
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PART 2 - PRODUCTS 


2.1 AGGREGATE BASE COURSE MATERIAL 


A. Provide "Crushed Aggregate Base" per SSPWC Section 200-2.2, 


2.2 ASPHALTIC CONCRETE PAVEMENT MATERIALS 


A. Asphaltic Concrete Pavement Mixture: 


1. Mix Characteristics:  


a. Vehicular Paving: Type III, Class C2 per SSPWC Section 400-4 


b. Pedestrian and playground surfaces: Type D1 per SSPWC Section 203-6 


2. Asphalt type: Provide PG 64-10 per SSPWC 


3. Asphaltic concrete pavement shall be produced at a commercial central mixing plant. 


4. Asphalt concrete should conform to Section 400-4 of the SSPWC and should be 
compacted to at least 95 percent relative compaction based on the Hveem unit weight. 


B. Tack Coat: Slow setting asphalt emulsion SS1h per SSPWC 


C. Tack Coat at pavement fabric: Provide PG 64-10 paving asphalt in compliance with SSPWC  


D. Herbicide:  Provide approved herbicide, tinted for visual identification, non-flammable 
formulation, and complying with all current California and EPA environmental regulations. 


E. Surface Sealer: Asphalt Emulsion, www.aema.org., SS1-h, per SSPWC Section 203-9  


F. Surface Sealer: Satin Seal by Blue Diamond or equal. 


G. Crack filler:   


1. Cracks less than 1/2 inch in width: GuardTop Crackfiller or equal. 


2. Cracks 1/2 inch or greater in width: #4 Sheet mix asphalt. 


2.3 REDWOOD HEADERS 


A. Provide Redwood stakes and headers, construction heart per CRIS grading rules, sized in 
accordance with SSPWC Section 302-5.5  
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2.4 PAVEMENT REINFORCING FABRIC 


A. Provide GlasGrid or equal pavement fabric, complying with SSPWC Section 213  


2.5 LIME TREATMENT 


A. Provide quicklime conforming to Green Book Section 301-5.2(A) 


2.6 OTHER MATERIALS  


A. Provide all other materials, not specifically described but required for complete and proper 
installation of this work, as selected by the contractor and subject to the approval of the 
Architect.  


2.7 DESIGN CRITERIA  


A. General:  


1. All improvements shall be constructed per the referenced standards, the contract 
documents, and as specified in this section. 


2. Where criteria shown on drawings or specified in this specification exceed that of the 
referenced standards, the more stringent criteria shall apply.  


PART 3 - EXECUTION 


3.1 SURFACE CONDITIONS AND PREPARATION 


A. Inspection:  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all such 
work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the referenced 
standards.  


a. Verify subgrade is compacted as specified in Section 310000 and 312333. 


3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies have 
been fully resolved. 


5. For preliminary pavement design purposes, an R-Value of 5 was used.  R-Value tests 
should be conducted on the actual pavement subgrade materials once the site is fine 
graded. 
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B. Preparation: 


1. Provide all staking and field engineering required to implement the work as shown on the 
drawings by a Land Surveyor licensed in the State of California.   


2. Protect all stakes and benchmarks.  Replace all stakes and benchmarks damaged during 
the course of construction at no cost to Owner. 


3. Set grade stakes using instrument technology, at 50 foot grid interval at areas with 
gradients greater than 2 percent.   


4. Set grade stakes, using instrument technology, at 25 foot grid interval at areas with 
gradients less than 2 percent.   


5. Provide all equipment of such type, function and design as required to achieve specified 
values.   


3.2 APPLICATION OF SOIL TREATMENTS 


A. Herbicide Treatment: 


1. Apply in strict accordance with Manufacturer's recommendations. 


2. Conform to all applicable and current regulations, including CAL-OSHA, air quality and 
environmental requirements. 


3. Do not apply herbicide within a minimum distance of two feet from planted areas. 


4. If requested by Architect, provide written certification of purchase and application of 
herbicide. 


B. Lime Treated Subgrade: 


1. Apply in accordance with Greenbook Section 301-5 and as directed by the Geotechnical 
Engineer. 


2. Conform to all applicable and current regulations, including CAL-OSHA, air quality and 
environmental requirements. 


3. Apply treatment to a depth of 12 inches. Application rates shall be dependent on soil test 
results.  


3.3 PLACEMENT OF AGGREGATE BASE COURSE 


A. Deliver base course to site as uniform mixtures.   


B. Spread each layer in one operation, free from pockets of coarse or fine material , and in 
compliance with SSPWC 302-2 
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1. Where asphalt paving is installed to replace existing on-site locations, match existing 
base thickness. 


2. Where asphalt paving is installed at public improvements, comply with base thickness 
required by referenced City standards. 


3. Where asphalt paving is installed at areas without prior paving, provide minimum 6 inch 
compacted base thickness. 


4. Do not use lime treatment in areas where landscaping and/or trees will be placed. 


C. Application:  


1. Where the required thickness is 0.5 foot or less, spread and compact base in one layer.   


2. Where the required thickness is more than 0.5 foot, spread and compact base material in 
two or more layers of approximately equal thickness.  The maximum compacted 
thickness of any one layer shall not exceed 0.5 foot, or less if compaction cannot be 
obtained with 0.5 lift.   


D. Each layer shall be spread and compacted in a similar manner.  When vibrating or other 
acceptable types of special compacting equipment are used, the entire course may be placed in 
one layer, provided the ability of such equipment to achieve acceptable compaction to the full 
layer depth is demonstrated. 


E. No thin layers of fine materials shall be added to the top layer of the subbase or base course in 
order to meet the grade. 


3.4 BASE COURSE COMPACTION AND PROTECTION 


A. Compact base course material to not less than 95 of the maximum laboratory density as 
determined by ASTM D-1557. 


B. Remove damaged base course to subgrade and place, grade and compact new base course in 
settled, eroded, and wetted areas to specified tolerances. 


C. Where completed base course areas are disturbed by subsequent construction operations or 
adverse weather, remove base course in damaged areas to subgrade, and place and compact 
new base course to required density prior to further construction. 


3.5 PREPARATION FOR PAVING  


A. Apply tack coat to vertical faces of existing or previously constructed bituminous pavement, 
curbs, gutters, slab edges, and all structures to be in actual contact with the bituminous 
pavement.  


B. Coat surfaces of catch basin frames with oil to prevent bond with asphalt pavement.  Do not tack 
coat these surfaces. 
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C. Prior to applying the tack coat, sweep or otherwise clean surface free of dust or other foreign 
material. 


D. Protect all surfaces not required to receive tack coat from any inadvertent application. 


E. Do not place tack coat when air temperature in the shade or the roadbed temperature is below 
50 degrees F, or during rain, fog, or other adverse weather conditions.   


F. After application of tack coat, allow sufficient time for complete separation of asphalt and water 
before paving operations begin.  Do not leave tack coat exposed overnight.  Apply tack coat to 
only those surfaces as will be paved in the same day. 


G. Apply primer coat to base course surfaces in conformance with Section 302-5.3, SSPWC, at 
rate of 0.10 to 0.25 gallons per square yard.  Allow to cure prior to application of asphalt course. 


H. Asphalt Pavement Crack Preparation:  


1. All asphalt cracks shall be cleaned, prepared and filled prior to application of tack coat. 


2. All vegetation shall be removed from cracks and blown clean with compressed air.   


3. Cracks shall be treated with specified soil sterilizer prior to placement of filler material.  


4. Cracks shall be completely free of any moisture before application of filler.  Sufficient 
amount of crack filler shall be used to ensure a level surface after filler is cured. 


5. Multiple coats may be required, within Manufacturer’s recommendations.  


6. Asphalt pavement cracks less than 1/2 inch wide shall be filled with rubberized crack filler 
as specified. 


7. Asphalt pavement cracks 1/2 inch wide or larger shall be filled with #4 sheet mix asphalt. 


I. Pavement Fabric Applications: 


1. Prepare paving as recommended by fabric manufacturer and as specified.   


2. Fill all joints, cracks, alligatoring and other surface defects with approved asphaltic crack 
filler or sealant. 


3. Install minimum 1/2 inch asphalt concrete leveling coat, mix as approved by Architect. 


4. Apply tack coat per SSPWC Section 302-7.2.2 and as recommended by manufacturer. 


5. Install fabric per SSPWC Section 302-7.2.3 and as recommended by manufacturer. 


3.6 PLACEMENT OF ASPHALTIC CONCRETE PAVEMENT 


A. Conform to SSPWC Section 302-5 
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B. Do not place asphaltic concrete paving when the air temperature in the shade or the roadbed 
temperature is below 50 degrees F, or during rain, when the base course surface is wet, or 
during other adverse weather conditions. 


C. Place asphalt pavement as required to provide compacted depth as indicated on the plans, in a 
continuous operation.  Place inaccessible and small areas by hand. 


1. Provide minimum 3 inch compacted thickness or as required to match existing, whichever 
is greater. 


2. Where asphalt paving is installed to replace existing on-site locations, install in 
compacted thickness to match existing paving. 


3. Where asphalt paving is installed over pavement fabric, provide minimum 1-1/2 inch 
compacted thickness. 


4. Where asphalt paving is installed at public improvements, comply with compacted paving 
thickness required by referenced City standards. 


5. Where asphalt paving is installed at areas without prior paving, provide minimum 3 inch 
compacted thickness. 


D. Place asphalt in single or multiple lifts per SSPWC Section 302-5.5 


E. Ensure joints made during paving operations are straight, clean, vertical and free of broken or 
loose material.  Carefully make joints to insure a continuous bond between old and new 
pavement, or between successive day's work.  Provide a continuous bond between adjoining 
work. 


F. At all unrestrained paving edges, provide redwood headers flush with asphalt concrete surface, 
with stakes placed at 3 feet on center maximum, located 1/2 inch below top of header. 


3.7 ROLLING 


A. Monitor temperatures of the asphalt concrete mixture as delivered to the site and during laydown 
to insure conformance with SSPWC Section 302-5.5  


B. Roll and compact to specified density in accordance with SSPWC Section 302-5.6. 


C. Compact asphalt paving course to 95 percent of the maximum laboratory density, as obtained 
with the California Kneading Compactor, per California Test 304. 


D. Perform hand tamping in areas not accessible to rolling equipment.   


3.8 FIELD QUALITY CONTROL 


A. Testing and inspection of asphaltic concrete mix and asphalt pavement will be performed at 
Contractors cost by a testing laboratory retained by the Contractor and acceptable to the Owner.  
The testing laboratory, except for the contract relationship required for this project, shall have no 
financial or fiduciary relationship with Contractor or paving installer.  
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B. Thickness Cores: 


1. Provide 1 core test per each 5,000 square feet [or each repair area] to verify compacted 
thickness.   


C. Density Tests:  


1. Provide field density tests indicating compliance with SSPWC Section 302-5.6.2  based 
on use of properly calibrated nuclear asphalt testing device.  


2. Provide density tests based on ASTM D 1188 for laboratory analysis of asphalt cores.   


3. In the event of disputes over in-place density, conduct tests based on ASTM D 1188 with 
test samples taken at such frequency as directed by Architect.   


D. Surface smoothness, thickness and level. 


1. Maintain surface free of gouges, ridges and ruts, with a uniform and consistent finish.   


2. Maintain line and profile shown to tolerance of 1/4 inch plus/minus, in any 10 feet, non-
cumulative. 


3. Maintain asphalt pavement free from depressions exceeding 1/8 inch when measured 
with a 10 foot straight-edge. 


E. Flood Test: 


1. Flood test paving prior to application of seal coat.   


2. Where water ponds in excess of 1/8 inch in an area greater than 2 feet in any direction, 
repair or replace as directed by Architect to provide proper drainage. 


3.9 SEAL COAT 


A. Allow completed paving to cure for minimum of 1 month prior to application of specified seal 
coat. 


B. Conform to the manufacturers recommendations for two coat application. 


C. Conform to SSPWC Section 302-8.2 for application. 


D. Provide surface finish free of ridges, lap marks, coarse textured areas, or other appearance and 
performance defects.   


3.10 PAINT STRIPING AND MARKING 


A. Install per Caltrans Specifications. 
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3.11 PROTECTION 


A. After final rolling, do not permit vehicular traffic on pavement until it has cooled to atmospheric 
temperature and hardened, but in no case less than 8 hours. 


B. Erect barricades in accordance with requirements of Division 1 to protect paving from traffic until 
mixture has cooled in accordance with the specifications. 


C. Do not use completed paving surface for storage of construction vehicles or construction 
materials. 


END OF SECTION 321216 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. On -site domestic and fire water main distribution system consisting of piping, valves, on-site 
fire hydrants and related other equipment. 


B. Testing and certification. 


1.3 REFERENCES 


A. N.F.P.A. Standard 24 2013 Edition, Private Fire Service Mains as adopted by serving 
jurisdictional authority. 


B. Serving jurisdictional authority Fire Department fire prevention regulations, including local 
Fire Department Standard Specifications for materials and installation of the Work 
pertaining to fire protection systems. 


C. Applicable portions of California Plumbing Code for materials and installation of the Work of 
this Section. 


D. Standard Specifications for Public Works Construction (SSPWC) ("Green Book"),, with 
amendments as adopted by serving jurisdictional authority. 


E. Area Regional Standard Drawings, 2006 edition, with amendments as adopted by serving 
jurisdictional authority as adopted by serving jurisdictional authority. 


1.4 QUALITY ASSURANCE 


A. Contractor Qualifications 


1. Installing Contractor shall have Class A - General Engineering or Class C-16 Fire 
Protection Contractor license. 


2. Installing Company: Company specializing in installation of water line systems, with 
minimum 5 years documented experience in installation of projects of similar scale 
and scope. 


3. Installing Foreman: Individual specializing in installation of water line systems, with 
minimum 5 years documented experience in installation of projects of similar scale 
and scope. 
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4. Use only staff who are completely familiar with the manufacturers' recommended 
methods of installation as well as the requirements of this work. 


B. Listing Requirements 


1. Provide UL listed and FM approved valve assemblies. 


1.5 SUBMITTALS 


A. Submit Submittals in accordance with the provisions of Section 013300. 


B. Materials List: Provide complete list of all proposed materials and accessories, including 
product data on performance criteria.  


1.6 DELIVERY, STORAGE, AND PROTECTION 


A. Deliver products to site under provisions of the General Conditions. 


B. Store and protect products under provisions of the General Conditions. 


1.7 PUBLIC AGENCY STANDARDS 


A. Perform all work and related structures and devices indicated, in accordance with the 
Regional Standards Drawings as indicated on the plans and these specifications and the 
Standard Specifications for Public Works Construction (SSPWC) "Green Book", 2009 
Edition and the latest California Plumbing Code. 


B. Provide water main separation per “Guidance Memo No. 2003-02: Guidance Criteria for the 
Separation of Water Mains and Non-Potable Pipelines” by the State of California 
Department of Health Services dated October 16, 2003. 


1.8 WARRANTY 


A. Warranty 


1. In addition to the guarantees required in the General Conditions, provide, in Architect 
approved form, the Owner with a guarantee against the following specific defects or 
failures for a period of two years after Notice of Substantial Completion: 


a. Pavement or landscaping area subsidence, settling, transfer cracking or other 
surface defects due to improper trench backfilling. 


b. Water leakage in any form. 


c. Paint coating failure of above grade components. 


d. Landscape planting material death. 
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2. Should defects or failures occur or develop during this period due to defective 
materials or faulty workmanship, furnish all labor and materials necessary to replace 
or repair the work without additional cost to the Owner. 


3. Immediately correct defective work, including defective work discovered during 
warranty period, to the satisfaction of the Owner and the Architect. 


PART 2 - PRODUCTS 


2.1 ON-SITE PIPING 


A. Piping:   


1. Type: Bell and spigot rubber ring polyvinyl chloride (PVC) water pipe conforming to 
AWWA C-900 for sizes 4 inch through 12 inch diameter.  


2. Type: PVC friction fit pipe conforming to ASTM D 1785, Schedule 40, for sizes less 
than 4 inches in diameter.  


3. Class: Class 150 and 200 per AWWA C-900 standard, U.L. listed.  


B. Minimum Coverage: 36 inches for sizes 3 inches and greater in diameter.  Provide minimum 
24 inch cover for pipe less than 3 inches in diameter. 


C. Fittings: 


1. Metal: Provide cast iron mechanical fittings from same manufacturer as pipe, Class 
150 and 200, meeting AWWA C-110, C-111, and C-153 standard, U.L. listed, for 
sizes 4 to 12 inches in diameter.  Coat with bituminous coating as specified. 


2. PVC: Provide solvent weld fittings from same manufacturer as pipe, Schedule 40, 
conforming to ASTM D 2466 for sizes less than 4 inches in diameter.  


2.2 BACKFLOW PREVENTER 


A. Manufacturer:  


1. Specification is based on products of listed manufacturer.  Other manufacturers may 
be approved per procedures specified in Section 01610, including approval by serving 
jurisdictional authority.   


B. Characteristics: 


1. Provide Model  
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2.3 ON-SITE FIRE HYDRANTS 


A. Manufacturer: Jones or approved equal. 


1. Characteristics: 


a. Provide Model 3775, all bronze, wet barrel units with 6 inch flanged inlet, two 4 
inch steamer outlet and one 2-1/2 inch hose outlet conforming to AWWA C-
503. 


b. Accessories:  Provide chained caps and operating wench. 


c. Buries:  Cast iron unit with 6” mechanical joint inlet and 6” flanged outlet. 


2.4 VALVES 


A. Manufacturer: Clow-Rich, Mueller, American Darling, Stockham and Kennedy. 


B. Characteristics: 


1. Provide flanged cast iron gate valve, with resilient seat, bronze N.R.S., and 
conforming to AWWA C-509 for sizes 3 to 12 inches in diameter.  Coat with 
bituminous coating as specified. 


2. Provide bronze gate valve with handwheel shutoff for sizes 2 inches and less.   


3. Accessories: Square wrench nut and operating wrench. 


C. Meter Box: Provide Brooks or equal, 20 x 36 inch precast concrete meter box, with reading 
lid. 


D. Valve Box: Provide cast iron well cap cover with the word "WATER" cast in cover.  Provide 
minimum 8 inch I.D. cast iron, ductile iron, or PVC Class 150 pipe riser.  Coat ferrous 
materials with bituminous coating as specified 


E. Valve Box: Provide Alhambra Foundry A-3000 three piece cast iron valve box with extension 
and drop cover.  Provide the word "WATER" cast in cover. 


F. Check Valve: AWWA C508, iron body, bronze trim, renewable disc and seat, flanged ends.  
Obtain approval of all valves located on fire lines by serving jurisdictional authority.  


2.5 CONCRETE MATERIALS 


A. Anchor, thrust and valve blocks: Concrete as specified in Section 033010, 2500 psi, 
installed per Standard Drawing W-17, W-18, and W-19, respectively. 
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2.6 FIRE DEPARTMENT CONNECTION 


A. Manufacturer:  GMR Fire Protection, or approved equal 


1. Specification is based on products of listed manufacturer.  Other manufacturers may 
be approved per procedures specified in Section 01610, including approval by serving 
jurisdictional authority.  


B. Characteristics: 


1. Type: Free standing type, brass finish, with ductile iron pedestal.   


2. Outlets: Provide two 2-1/2 inch to suit Fire Department hardware, with threaded dust 
cap and chain of matching material and finish. 


3. Label:  “Building (insert building number) Sprinkler - Fire Department Connection.” 


2.7 POST INDICATOR VALVE 


A. Manufacturer: Mueller or approved equal. 


1. Specification is based on products of listed manufacturer.  Kennedy, Clow Valve or 
other manufacturers may be approved per procedures specified in Section 01610, 
including approval by serving jurisdictional authority. 


B. Characteristics: 


1. Type: Model A-20806, vertical type, ductile iron body with large window opening 
indicating OPEN or SHUT valve position.  Protect working parts of stem and indicator 
with weatherproof enclosure.   Provide operating nuts and wrench. 


2. Provide connection for electrical tamper/monitoring switch.  Coordinate with work 
specified in Division 16. 


2.8 WATER METER 


A. Manufacturer:  


1. Acceptable manufacturers include Mueller/Hershey and Neptune. Specification is 
based on products of listed manufacturer.  Other manufacturers may be approved per 
procedures specified in Section 01610, including approval by serving jurisdictional 
authority.   


B. Characteristics: 


1. Provide Model:   2” horizontal turbine meter with reading in US Gallons 
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2.9 OTHER MATERIALS  


A. Provide all other materials, not specifically described but required for complete and proper 
installation of this work, as selected by the contractor and subject to the approval of the 
Architect.  


PART 3 - EXECUTION  


3.1 SURFACE CONDITIONS  


A. Inspection  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all such 
work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the 
referenced standards.  


a. Verify that survey benchmark and intended elevations for the Work are as 
indicated. 


b. Identify required lines, levels, contours, and datum. 


c. Identify known utilities. Stake and flag locations.  


d. Maintain and protect existing utilities remaining which pass through work area. 


3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved.  


B. Preparation 


1. Provide all staking and field engineering required to implement the work as shown on 
the drawings.   


2. Protect all stakes and benchmarks.  Replace all stakes and benchmarks damaged 
during the course of construction at no cost to Owner. 


3. Set grade stakes using instrument technology, at 50 foot grid interval at areas with 
gradients greater than 2 percent.   


4. Set grade stakes, using instrument technology, at 25 foot grid interval at areas with 
gradients less than 2 percent.   


5. Provide all equipment of such type, function and design as required to achieve 
specified values.   
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3.2 PIPING INSTALLATION 


A. Provide all required excavation, shoring and backfilling required for the proper installation of 
buried pipe lines and related material and equipment in accordance with this Section and 
Section 02320. 


B. Temporary barricades, warning lights, covers, railings and other protection or warning 
devices shall be maintained by the Contractor while the trenches are open. 


C. See Section 02320 for scheduling and review requirements. 


D. See Section 02235 for protection and repair of existing utilities and surfaces.  Repair and/or 
replace all piping, conduits and appurtenances damaged by the work. 


E. Separation 


1. All new site water mains shall be located 10-foot horizontally from, and one foot 
vertically above, any parallel sewer or recycled water pipeline. 


2. All new site water mains crossing a sewer or recycled water pipelines in a 
perpendicular fashion shall be located a minimum of one-foot above the crossed line.  
No connection joints shall be made in the water main within eight horizontal feet of the 
crossed line. 


3. For alternative configurations or where a sewer line crosses above a water main, 
reference Department of Health Services document per Section 1.4 for additional 
requirements. 


F. Provide clamps and/or concrete thrust blocks at elbows, tees and other points where 
separation might occur in polyvinyl chloride piping. 


G. Anchor valves in polyvinyl chloride pipe with 5/8 inch diameter rods imbedded 18 inches in 8 
square foot by 2 foot thick concrete base. 


H. Make below grade flanged connections with stainless steel bolts, nuts and washers.  Do not 
bury flanges of valves; form approved pit. 


I. Set access boxes flush with finished grade.   


J. Coat all below grade boxes, mechanical joints and bolts with two coats of Koppers 
Bitumastic No. 50 coating. 


K. Flush fire service piping in compliance with N.F.P.A. Standard No. 24 in presence of the Fire 
Department Representative.  Notify Fire Department minimum 48 hours prior to the 
scheduled flushing. 


L. Flush and disinfect all domestic and potable water lines in accordance with AWWA C-651.  
Apply chlorine by continuous feed method 


1. Isolate systems requiring disinfection from existing water systems remaining in 
service with an in-line valving system approved by serving jurisdictional authority and 
Architect. 
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M. Deliver Record Drawings in accordance with Section 017700. 


N. Provide Fire Department Connection in compliance with serving jurisdictional authority 
criteria, manufacturer’s instructions and NFPA 13. 


1.     Install buried shut-off check valves, in valve box.  Provide post indicator valve. 


2. Install post indicator valve with bolts through base flange as recommended by 
manufacturer.  Set valve vertical. 


3. Locate fire department connection with sufficient clearance from walls, obstructions or 
adjacent siamese connectors to allow full swing of fire department wrench handle. 


3.3 PAINTING AND MARKING 


A. Paint all above grade water service items, including detector check and backflow preventor 
assembly with VOC approved coatings per jurisdictional authority Department requirements. 


B. Paint all above grade fire service items, including fire department connection, post indicator 
valves and hydrants with VOC approved coatings per jurisdictional authority Department 
requirements. 


C. Where required by Fire Department, provide reflectorized pavement markers at each 
hydrant, located as directed by Fire Department. 


3.4 FIELD QUALITY CONTROL 


A. Field inspection will be performed under provisions of Section 014500. 


B. Request architect to inspect pipe prior to covering.  Notify Fire Department minimum 48 
hours prior to the scheduled testing. 


C. Test pipe system for leakage prior to covering but after thrust blocking and valves are in 
place.  Allow thrust blocking to cure for minimum 7 days prior to commencing test 
procedures. 


1. Isolate system by closing valves where available and install temporary bulkheads 
where valves do not occur. 


2. Open air valves and fill system with water. Allow system to stand under slight 
pressure for 24 hours to dissipate trapped air. 


3. Correct noticeable leakage at valves, fittings, temporary bulkheads, and other 
connections. 


a. Where leakage continues at valves and bulkheads, provide means of 
measuring volume of leakage. 
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4. Induce pressure of 150 psi (for domestic water lines) measured at lowest point of 
system; maintain pressure for 4 hours.  Induce pressure of 200 psi (for fire service 
lines) measured at lowest point of system; maintain pressure for 2 hours. 


a. Measure volume of water required to maintain pressure 


b. Leakage to be volume required to maintain pressure less volume of leakage at 
valves and bulkheads. 


c. Allowable leakage not to exceed 25 gallons per inch of pipe diameter per mile 
per 24 hours. 


5. Replace unacceptable sections of pipe, fittings, and appurtenance until subsequent 
test results fall within allowable limits. 


3.5 CLEAN-UP 


A. Remove all surplus material, rubbish and debris in accordance with Section 017719. 


END OF SECTION 
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PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. Sanitary sewer piping, fittings, and accessories. 


B. Manholes, cleanouts, and miscellaneous system components. 


1.3 REFERENCES 


A. ASTM D3034 - Type PSM Poly Vinyl Chloride (PVC) Sewer Pipe and Fittings. 


B. Applicable portions of Uniform Plumbing Code for materials and installation of the Work of 
this Section. 


C. ASTM C 700-97 - Vitrified Clay Pipe, Extra Strength, Standard Strength, and Perforated. 


D. ASTM C 425-98b - Compression Joints for Vitrified Clay Pipe and Fittings. 


E. Standard Specifications for Public Works Construction (SSPWC) ("Green Book"), //State of 
California, Department of Transportation (CalTrans) Standard Specifications,// latest edition 
as adopted by serving jurisdictional authority. 


F. Regional Standard Drawings, 2006 edition, as amended by serving jurisdictional authority. 


1.4 REGULATORY REQUIREMENTS 


A. Conform to applicable regulations published by jurisdictional authority regarding flood control 
and storm water drainage and discharge. 


B. Conform to applicable regulations of the California Plumbing Code, Part 5, Title 24, CCR for 
installation of sanitary sewer system. 
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1.5 PUBLIC AGENCY STANDARDS 


A. Perform all work and related structures and devices indicated in accordance with the 
Regional Standards Drawings as indicated on the plans and these specifications and the 
Standard Specifications for Public Works Construction (SSPWC) "Green Book", 2009 
Edition 


B. Provide water main separation per “Guidance Memo No. 2003-02: Guidance Criteria for the 
Separation of Water Mains and Non-Potable Pipelines” by the State of California 
Department of Health Services dated October 16, 2003. 


1.6 QUALITY ASSURANCE: 


A. Contractor Qualifications 


1. Installing Company: Company specializing in installation of storm drainage systems, 
with minimum 5 years documented experience in installation of projects of similar 
scale and scope. 


2. Installing Foreman: Individual specializing in installation of storm drainage systems, 
with minimum 5 years documented experience in installation of projects of similar 
scale and scope. 


3. Use only staff who are completely familiar with the manufacturers' recommended 
methods of installation as well as the requirements of this work. 


1.7 PROJECT RECORD DOCUMENTS 


A. Submit documents under provisions of Section 017719. 


B. Accurately record location of pipe runs, connections, manholes, cleanouts, and invert 
elevations. 


1.8 TESTS 


A. Public Sewer Connection: Make connections to existing public sewers in accordance with 
the Standard Specifications. 


B. Leakage Testing: Tests for leakage will be conducted as indicated in the Standard 
Specifications or as specified. 
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PART 2 - PRODUCTS 


2.1 PIPE MATERIALS 


A. PVC Pipe:   


1. 4 inch - 12 inch diameter: ASTM D 3034, Type PSM SDR 35, bell and spigot end 
configurations for elastomeric gaskets. 


2. 3 inch diameter and larger: ASTM D 2751, SDR 35, with solvent welded joints per 
ASTM D 2235. 


3. 12" diameter and larger: ASTM F 794; large diameter ribbed PVC pipe; bell gasketed 
joints meeting ASTM D 3212. 


2.2 PIPE ACCESSORIES 


A. PVC Fittings: Same material as pipe, molded, or formed to suit pipe size and end design, in 
required 'T', bends, elbows, reducers, traps, and other connections. 


B. Joint Gaskets: ASTM F 477 


C. Cleanouts - Paving areas: J. R. Smith or equal, 4240/37 Series, scoriated cast-iron lid, 
tractor type, set flush with surface, with vandal proof screw.  


D. Cleanouts - Landscaped/planting areas: J. R. Smith or equal, 4220/4231 Series, scoriated 
cast-iron lid, set flush with surface, with vandal proof screw.  


2.3 BEDDING/BACKFILL MATERIAL 


A. As specified in Section 310000. 


2.4 MANHOLES 


A. Provide Ameron or equal manhole sections, cones, and grade rings. 


B. Cast-in-Place concrete as specified in Section 033010, configuration as indicated on the 
Drawings. 


C. Frame and grate or lid as indicated on the Drawings.  Where not indicated, comply with 
referenced Standard Plans/Drawings. 
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2.5 DESIGN CRITERIA  


A. General  


1. All improvements shall be constructed per the referenced standards, the contract 
documents, and as specified in this section. 


2. Where criteria shown on drawings or specified in this specification exceed that of the 
referenced standards, the more stringent criteria shall apply.  


PART 3 - EXECUTION 


3.1 SURFACE CONDITIONS  


A. Inspection  


1. Prior to work of this section, carefully inspect previously installed work.  Verify all such 
work is complete to the point where this installation may properly commence.  


2. Verify that work of this section may be installed in strict accordance with the original 
design, all pertinent codes and regulations, and all pertinent portions of the 
referenced standards.  


a. Verify that survey benchmark and intended elevations for the Work are as 
indicated. 


b. Identify required lines, levels, contours, and datum. 


c. Identify known utilities. Stake and flag locations.  


d. Maintain and protect existing utilities remaining which pass through work area. 


3. In the event of discrepancy, immediately notify the Architect.  


4. Do not proceed with installation in areas of discrepancy until all such discrepancies 
have been fully resolved.  


3.2 PREPARATION  


A. Provide all staking and field engineering required to implement the work as shown on the 
drawings.   


B. Protect all stakes and benchmarks.  Replace all stakes and benchmarks damaged during 
the course of construction at no cost to Owner. 







SAN DIEGO STATE UNIVERSITY SECTION 333100 


EIS COMPLEX SITE CLEARING AND DEMOLITION 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 


 


 


 


 


 


333100 - 5 MICHAEL BAKER INTL 


 


C. Set grade stakes using instrument technology, at 50 foot grid interval at areas with gradients 
greater than 2 percent.   


D. Set grade stakes, using instrument technology, at 25 foot grid interval at areas with 
gradients less than 2 percent.   


E. Provide all equipment of such type, function and design as required to achieve specified 
values.   


F. Connection criteria 


1. Before trenching, verify the horizontal location and invert elevations of all sanitary 
sewer connection points, and the horizontal location of all other utility lines. 


2. Reconstruct, repair, or replace all pavements, sidewalk, landscape and other items to 
the satisfaction of the jurisdictional authority. 


3. Arrange for the marking of all utility lines in all areas of trenching and excavation 
operations.  See Section 311200.   


3.3 INSTALLATION - PIPE 


A. Install pipe, fittings, and accessories in accordance with manufacturer’s instructions.  Seal 
joints tight. 


B. Lay pipe on bedding and to slope gradients noted on drawings.  Begin construction at lowest 
point of connection or discharge and lay continuously upstream. 


C. Lay bell and spigot or tongue and groove pipe with bell end or groove end upstream. 


D. Install additional bedding at sides and over top of pipe.  Provide top cover to minimum 
compacted thickness of 12 inches. 


E. Backfill trench in accordance with the provisions of Section 312333. 


F. Separation 


1. All new site water mains shall be located 10-foot horizontally from, and one foot 
vertically above, any parallel sewer or recycled water pipeline. 


2. All new site water mains crossing a sewer or recycled water pipelines in a 
perpendicular fashion shall be located a minimum of one-foot above the crossed line.  
No connection joints shall be made in the water main within eight horizontal feet of the 
crossed line. 


3. For alternative configurations or where a sewer line crosses above a water main, 
reference Department of Health Services document per Section 1.4 for additional 
requirements. 
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G. Unless specifically noted otherwise, provide all required concrete work such as pads, bases 
and kick blocks.  


H. Dielectric Isolators: Where incompatible piping materials come in contact except for the use 
of valves, isolate from each other with dielectric unions, line size. 


I. Provide sleeves for all piping crossing walls or footings.  Provide Architect approved seals at 
all footing sleeves to prevent water migration. 


3.4 INSTALLATION - MANHOLES AND CLEANOUTS 


A. Form bottom of excavation clean and smooth to correct elevation. 


B. Form and place cast in place concrete at bottom of manhole, shaped as shown on 
drawings. 


C. Establish elevations and pipe inverts for inlets and outlets as indicated. 


D. Mount lid and frame level at elevation indicated. 


E. Provide minimum 12 inch clearance on all sides at excavation for manholes and similar 
structures. 


3.5 PROTECTION 


A. Protect finished installation under the provisions of Section 015000. 


3.6 FIELD QUALITY CONTROL 


A. Field inspection will be performed under provisions of Section 014500 and 014529.  


1. Inspection of private sewer work will be performed by Districts Inspector of Record 
(IOR). 


2. Obtain approval of all piping installations from District’s Inspector of Record (IOR) 
prior to covering piping.   


B. Alignment Inspection 


1. The Contractor shall check the alignment of private sewer lines when backfill has 
reached the top of the pipe.  Both external and internal inspections for alignment may 
be made at this time. 


2. Correct, to the IOR’s satisfaction, any section of the line found to be unsatisfactory in 
material, alignment, grade, or joints 
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C. Leakage Testing 


1. After alignment tests are completed, and before flows are allowed in the line, conduct 
leakage tests in accordance with Greenbook Specifications.   


2. Test entire private sewer system for leakage/exfiltration in the presence of the IOR.   


3. Conform to requirements of the "Standard Specifications" for exfilitration limits.  


D. Video Inspections 


1. Inspect interior of piping with closed circuit television (CCTV) to determine whether 
line displacement or other damage has occurred.  Inspect after approximately 24 
inches of backfill is in place, and again at completion of Project, prior to occupancy.  


2. Prior to videotaping, pipes should be jetted to remove all debris.  During videoing, 
provide running water through pipe to identify low points.  Immediately fix any 
damaged sections or low points.  Provide complete video inspection to IOR for review 
and approval. 


END OF SECTION 








SAN DIEGO STATE UNIVERSITY SECTION 334100 


EIS COMPLEX STORM UTILITY DRAINAGE PIPING 
CLARK CONSTRUCTION/ AC MARTIN PARTNERS, INC 
ACM W.O. NO. 2014307 
SEPTEMBER 23, 2016 
 


334100 - 1 MICHAEL BAKER INTL 


 


PART 1 - GENERAL 


1.1 RELATED DOCUMENTS 


A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 


1.2 SECTION INCLUDES 


A. This Section includes gravity-flow, non-pressure storm drainage outside the building, with 
the following components: 


1. Special fittings for expansion and deflection cleanouts. 


2. Cleanouts. 


3. Drains. 


4. Precast concrete and Cast-in-place concrete manholes. 


1.3 DEFINITIONS 


A. ABS:  Acrylonitrile-butadiene-styrene plastic. 


B. EPDM:  Ethylene-propylene-diene-monomer rubber. 


C. HDPE:  High-Density Polyethylene. 


D. PE:  Polyethylene plastic. 


E. PVC:  Polyvinyl chloride plastic. 


F. TPE:  Thermoplastic elastomer. 


1.4 PERFORMANCE REQUIREMENTS 


A. Gravity-Flow, Nonpressure, Drainage-Piping Pressure Rating:  10-foot head of water.  Pipe 
joints shall be at least silttight, unless otherwise indicated. 


1.5 SUBMITTALS 


A. Product Data:  For the following: 


1. Special pipe fittings. 
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2. Drains. 


3. Channel drainage systems. 


B. Shop Drawings:  For the following: 


1. Manholes:  Include plans, elevations, sections, details, and frames and covers.  


2. Catch Basins and Stormwater Inlets.  Include plans, elevations, sections, details, and 
frames, covers, and grates. 


C. Coordination Drawings:  Show pipe sizes, locations, and elevations.  Show other piping in 
same trench and clearances from storm drainage system piping.  Indicate interface and 
spatial relationship between manholes, piping, and proximate structures. 


D. Field quality-control test reports. 


1.6 DELIVERY, STORAGE, AND HANDLING 


A. Do not store plastic manholes, pipe, and fittings in direct sunlight. 


B. Protect pipe, pipe fittings, and seals from dirt and damage. 


C. Handle manholes according to manufacturer's written rigging instructions. 


D. Handle catch basins and stormwater inlets according to manufacturer's written rigging 
instructions. 


1.7 PROJECT CONDITIONS 


A. Interruption of Existing Storm Drainage Service:  Do not interrupt service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary service according to requirements indicated: 


1. Notify Construction Manager no fewer than two days in advance of proposed 
interruption of service. 


2. Do not proceed with interruption of service without Construction Manager's written 
permission. 


PART 2 - PRODUCTS 


2.1 MANUFACTURERS 


A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 
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1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, manufacturers specified. 


2. Manufacturers:  Subject to compliance with requirements, provide products by one of 
the manufacturers specified. 


2.2 PIPING MATERIALS 


A. Refer to Part 3 "Piping Applications" Article for applications of pipe, fitting, and joining 
materials. 


2.3 PE PIPE AND FITTINGS 


A. Corrugated PE Drainage Pipe and Fittings NPS 3 to NPS 10 (DN 80 to DN 250):  AASHTO 
M 252M, Type S, with smooth waterway for coupling joints. 


B. Corrugated PE Pipe and Fittings NPS 12 to NPS 60 (DN 300 to DN 1500):  AASHTO M 
294M, Type S, with smooth waterway for coupling joints. 


2.4 PVC PIPE AND FITTINGS 


A. PVC Pressure Pipe:  AWWA C900, Class 100, for gasketed joints and using ASTM F 477, 
elastomeric seals. 


1. Fittings NPS 4 to NPS 8:  PVC pressure fittings complying with AWWA C907, for 
gasketed joints and using ASTM F 477, elastomeric seals. 


2. Fittings NPS 10 and Larger:  Ductile-iron, compact fittings complying with 
AWWA C153, for push-on joints and using AWWA C111, rubber gaskets. 


B. PVC Sewer Pipe and Fittings, NPS 15 and Smaller:  ASTM D 3034, SDR 35, with bell-and-
spigot ends for gasketed joints with ASTM F 477, elastomeric seals. 


C. PVC Profile Gravity Sewer Pipe and Fittings:  ASTM F 794 pipe, with bell-and-spigot ends; 
ASTM D 3034 fittings, with bell ends; and ASTM F 477, elastomeric seals. 


2.5 NONPRESSURE-TYPE PIPE COUPLINGS 


A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for 
joining underground nonpressure piping.  Include ends of same sizes as piping to be joined, 
and corrosion-resistant-metal tension band and tightening mechanism on each end. 


B. Sleeve Materials: 


1. For Concrete Pipes:  ASTM C 443, rubber. 


2. For Cast-Iron Soil Pipes:  ASTM C 564, rubber. 
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3. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 


4. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe 
materials being joined. 


C. Unshielded Flexible Couplings:  Elastomeric sleeve with stainless-steel shear ring and 
corrosion-resistant-metal tension band and tightening mechanism on each end. 


1. Manufacturers, or approved equal: 


a. Fernco Inc. 


b. Mission Rubber Company; a division of MCP Industries, Inc. 


c. NDS Inc. 


d. Plastic Oddities, Inc. 


D. Shielded Flexible Couplings:  ASTM C 1460, elastomeric or rubber sleeve with full-length, 
corrosion-resistant outer shield and corrosion-resistant-metal tension band and tightening 
mechanism on each end. 


1. Manufacturers, or approved equal: 


a. Cascade Waterworks Mfg. 


b. Mission Rubber Company; a division of MCP Industries, Inc. 


E. Ring-Type Flexible Couplings:  Elastomeric compression seal with dimensions to fit inside 
bell of larger pipe and for spigot of smaller pipe to fit inside ring. 


1. Manufacturers, or approved equal: 


a. Fernco Inc. 


b. Mission Rubber Company; a division of MCP Industries, Inc. 


F. Nonpressure-Type Rigid Couplings:  ASTM C 1461, sleeve-type reducing- or transition-type 
mechanical coupling molded from ASTM C 1440, TPE material with corrosion-resistant-
metal tension band and tightening mechanism on each end. 


1. Manufacturers, or approved equal: 


a. ANACO. 


2.6 CLEANOUTS 


A. Gray-Iron Cleanouts:  ASME A112.36.2M, round, gray-iron housing with clamping device 
and round, secured, scoriated, gray-iron cover.  Include gray-iron ferrule with inside calk or 
spigot connection and countersunk, tapered-thread, brass closure plug. 
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1. Manufacturers, or approved equal: 


a. Smith, Jay R. Mfg. Co. 


b. Watts Industries, Inc. 


c. Zurn Industries, Inc.; Zurn Specification Drainage Operation. 


2. Top-Loading Classification(s): Mediun and Extra Heavy duty. 


3. Sewer Pipe Fitting and Riser to Cleanout:  ASTM A 74, Service class, cast-iron soil 
pipe and fittings. 


B. PVC Cleanouts:  PVC body with PVC threaded plug.  Include PVC sewer pipe fitting and 
riser to cleanout of same material as sewer piping. 


1. Manufacturers, or approved equal: 


a. IPS Corporation. 


b. NDS Inc. 


c. Zurn Industries, Inc.; Zurn Light Commercial Specialty Plumbing Products. 


2.7 DRAINS 


A. Gray-Iron Area Drains:  ASME A112.21.1M, round body with anchor flange and round 
grate.  Include bottom outlet with inside calk or spigot connection, of sizes indicated. 


1. Manufacturers, or approved equal: 


a. Smith, Jay R. Mfg. Co. 


b. Watts Industries, Inc. 


c. Zurn Industries, Inc.; Zurn Specification Drainage Operation. 


2. Top-Loading Classification(s):  Medium and Extra Heavy duty. 


B. Gray-Iron Trench Drains:  ASME A112.21.1M, 6-inch- wide top surface, rectangular body 
with anchor flange or other anchoring device, and rectangular grate.  Include units of total 
length indicated and number of bottom outlets with inside calk or spigot connections, of 
sizes indicated. 


1. Manufacturers, or approved equal: 


a. Smith, Jay R. Mfg. Co. 


b. Wade Div.; Tyler Pipe. 


c. Watts Industries, Inc. 
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d. Zurn Industries, Inc.; Zurn Specification Drainage Operation. 


2. Top-Loading Classification(s):   Medium and Extra Heavy duty. 


2.8 MANHOLES 


A. Standard Precast Concrete Manholes:  ASTM C 478, precast, reinforced concrete, of depth 
indicated, with provision for sealant joints. 


1. Diameter:  48 inches minimum, unless otherwise indicated. 


2. Ballast:  Increase thickness of precast concrete sections or add concrete to base 
section, as required to prevent flotation. 


3. Base Section:  6-inch minimum thickness for floor slab and 4-inch minimum thickness 
for walls and base riser section, and having separate base slab or base section with 
integral floor. 


4. Riser Sections:  4-inch minimum thickness, and lengths to provide depth indicated. 


5. Top Section:  Eccentric-cone type unless concentric-cone or flat-slab-top type is 
indicated.  Top of cone of size that matches grade rings. 


6. Joint Sealant:  ASTM C 990, bitumen or butyl rubber. 


7. Resilient Pipe Connectors:  ASTM C 923, cast or fitted into manhole walls, for each 
pipe connection. 


8. Steps:  Individual FRP steps or FRP ladder,  wide enough to allow worker to place 
both feet on 1 step and designed to prevent lateral slippage off of step.  Cast or 
anchor steps into sidewalls at 12- to 16-inch intervals.  Omit steps if total depth from 
floor of manhole to finished grade is less than 36 inches. 


9. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and 
diameter matching manhole frame and cover.  Include sealant recommended by ring 
manufacturer. 


10. Grade Rings:  Reinforced-concrete rings, 6- to 9-inch total thickness, to match 
diameter of manhole frame and cover. 


11. Protective Coating:  Plant-applied, SSPC-Paint 16, coal-tar, epoxy-polyamide paint, 
15-mil minimum thickness applied to exterior and interior surfaces. 


12. Manhole Frames and Covers:  Ferrous; 24-inch ID by 7- to 9-inch riser with 4-inch- 
minimum width flange and 26-inch- diameter cover.  Include indented top design with 
lettering cast into cover, using wording equivalent to "STORM SEWER." 


a. Material:  ASTM A 536, Grade 60-40-18 ductile iron, unless otherwise 
indicated. 
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b. Protective Coating:  Foundry-applied, SSPC-Paint 16, coal-tar, epoxy-
polyamide paint; 15-mil minimum thickness applied to all surfaces, unless 
otherwise indicated. 


B. Designed Precast Concrete Manholes:  ASTM C 913; designed according to ASTM C 890 
for A-16 (ASSHTO HS20-44), heavy-traffic, structural loading; of depth, shape, and 
dimensions indicated, with provision for sealant joints. 


1. Ballast:  Increase thickness of one or more precast concrete sections or add concrete 
to manhole, as required to prevent flotation. 


2. Joint Sealant:  ASTM C 990, bitumen or butyl rubber. 


3. Resilient Pipe Connectors:  ASTM C 923, cast or fitted into manhole walls, for each 
pipe connection. 


4. Steps: ASTM A 615/A 615M, deformed, 1/2-inch steel reinforcing rods encased in 
ASTM D 4101, PP, wide enough to allow worker to place both feet on 1 step and 
designed to prevent lateral slippage off of step.  Cast or anchor steps into sidewalls 
at 12- to 16-inch intervals.  Omit steps if total depth from floor of manhole to finished 
grade is less than 48 inches. 


5. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and 
diameter matching manhole frame and cover.  Include sealant recommended by ring 
manufacturer. 


6. Grade Rings:  Reinforced-concrete rings, 6- to 9-inch total thickness, to match 
diameter of manhole frame and cover. 


7. Protective Coating:  Plant-applied, SSPC-Paint 16; 10-mil minimum thickness applied 
to  interior surfaces. 


8. Manhole Frames and Covers:  Ferrous; 24-inch ID by 7- to 9-inch riser with 4-inch- 
minimum width flange and 26-inch- diameter cover.  Include indented top design with 
lettering cast into cover, using wording equivalent to "STORM SEWER." 


a. Material:  ASTM A 48, Class 35 gray iron, unless otherwise indicated. 


b. Protective Coating:  Foundry-applied, SSPC-Paint 16, coal-tar, epoxy-
polyamide paint; 10-mil minimum thickness applied to all surfaces, unless 
otherwise indicated. 


C. Cast-in-Place Concrete Manholes:  Construct of reinforced-concrete bottom, walls, and top; 
designed according to ASTM C 890 for A-16 (ASSHTO HS20-44), heavy-traffic, structural 
loading; of depth, shape, dimensions, and appurtenances indicated. 


1. Ballast:  Increase thickness of concrete, as required to prevent flotation. 


2. Resilient Pipe Connectors:  ASTM C 923, cast or fitted into manhole walls, for each 
pipe connection. 
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3. Steps: ASTM A 615/A 615M, deformed, 1/2-inch steel reinforcing rods encased in 
ASTM D 4101, PP, wide enough to allow worker to place both feet on 1 step and 
designed to prevent lateral slippage off of step.  Cast or anchor steps into sidewalls 
at 12- to 16-inch intervals.  Omit steps if total depth from floor of manhole to finished 
grade is less than 48 inches. 


4. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and 
diameter matching manhole frame and cover.  Include sealant recommended by ring 
manufacturer. 


5. Grade Rings:  Reinforced-concrete rings, 6- to 9-inch total thickness, to match 
diameter of manhole frame and cover. 


6. Manhole Frames and Covers:  Ferrous; 24-inch ID by 7- to 9-inch riser with 4-inch- 
minimum width flange and 26-inch- diameter cover.  Include indented top design with 
lettering cast into cover, using wording equivalent to "STORM SEWER." 


a. Material:  ASTM A 48, Class 35 gray iron, unless otherwise indicated. 


b. Protective Coating:  Foundry-applied, SSPC-Paint 16, coal-tar, epoxy-
polyamide paint; 10-mil minimum thickness applied to all surfaces, unless 
otherwise indicated. 


2.9 CONCRETE 


A. General:  Cast-in-place concrete according to ACI 318/318R, ACI 350R, and the following: 


1. Cement:  ASTM C 150, Type II. 


2. Fine Aggregate:  ASTM C 33, sand. 


3. Coarse Aggregate:  ASTM C 33, crushed gravel. 


4. Water:  Potable. 


B. Portland Cement Design Mix:  4000 psi minimum, with 0.45 maximum water-cementitious 
materials ratio. 


1. Reinforcement Fabric:  ASTM A 185, steel, welded wire fabric, plain. 


2. Reinforcement Bars:  ASTM A 615/A 615M, Grade 60, deformed steel. 


C. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi minimum, with 0.58 
maximum water-cementitious materials ratio. 


1. Reinforcement Fabric:  ASTM A 185, steel, welded wire fabric, plain. 


2. Reinforcement Bars:  ASTM A 615/A 615M, Grade 60, deformed steel. 
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2.10 CATCH BASINS 


A. Standard Precast Concrete Catch Basins:  ASTM C 478, precast, reinforced concrete, of 
depth indicated, with provision for sealant joints. 


1. Base Section:  6-inch minimum thickness for floor slab and 4-inch minimum thickness 
for walls and base riser section, and having separate base slab or base section with 
integral floor. 


2. Riser Sections:  4-inch minimum thickness, 48-inch diameter, and lengths to provide 
depth indicated. 


3. Top Section:  Eccentric-cone type unless concentric-cone or flat-slab-top type is 
indicated.  Top of cone of size that matches grade rings. 


4. Joint Sealant:  ASTM C 990, bitumen or butyl rubber. 


5. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and shape 
matching catch basin frame and grate.  Include sealant recommended by ring 
manufacturer. 


6. Grade Rings:  Include 2 or 3 reinforced-concrete rings, of 6- to 9-inch total thickness, 
that match 24-inch- diameter frame and grate. 


7. Steps: ASTM A 615/A 615M, deformed, 1/2-inch steel reinforcing rods encased in 
ASTM D 4101, PP, wide enough to allow worker to place both feet on 1 step and 
designed to prevent lateral slippage off of step.  Cast or anchor steps into sidewalls 
at 12- to 16-inch intervals.  Omit steps if total depth from floor of catch basin to 
finished grade is less than 48 inches. 


8. Pipe Connectors:  ASTM C 923, resilient, of size required, for each pipe connecting 
to base section. 


B. Designed Precast Concrete Catch Basins:  ASTM C 913, precast, reinforced concrete; 
designed according to ASTM C 890 for A-16 (ASSHTO HS20-44), heavy-traffic, structural 
loading; of depth, shape, and dimensions indicated, with provision for sealant joints. 


1. Joint Sealants:  ASTM C 990, bitumen or butyl rubber. 


2. Adjusting Rings:  Interlocking rings with level or sloped edge in thickness and shape 
matching catch basin frame and grate.  Include sealant recommended by ring 
manufacturer. 


3. Grade Rings:  Include 2 or 3 reinforced-concrete rings, of 6- to 9-inch total thickness, 
that match 24-inch- diameter frame and grate. 


4. Steps: ASTM A 615/A 615M, deformed, 1/2-inch steel reinforcing rods encased in 
ASTM D 4101, PP, wide enough to allow worker to place both feet on 1 step and 
designed to prevent lateral slippage off of step.  Cast or anchor steps into sidewalls 
at 12- to 16-inch intervals.  Omit steps if total depth from floor of catch basin to 
finished grade is less than 48 inches. 
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5. Pipe Connectors:  ASTM C 923, resilient, of size required, for each pipe connecting 
to base section. 


C. Cast-in-Place Concrete, Catch Basins:  Construct of reinforced concrete; designed 
according to ASTM C 890 for structural loading; of depth, shape, dimensions, and 
appurtenances indicated. 


1. Bottom, Walls, and Top:  Reinforced concrete. 


2. Channels and Benches:  Concrete. 


3. Steps:  Individual FRP steps or FRP ladder , wide enough to allow worker to place 
both feet on 1 step and designed to prevent lateral slippage off of step.  Cast or 
anchor steps into sidewalls at 12- to 16-inch intervals.  Omit steps if total depth from 
floor of catch basin to finished grade is less than 48I inches. 


D. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for A-16, 
structural loading.  Include flat grate with small square or short-slotted drainage openings. 


1. Size:  24 by 24 inches minimum, unless otherwise indicated. 


2. Grate Free Area:  Approximately 50 percent, unless otherwise indicated. 


E. Frames and Grates:  ASTM A 536, Grade 60-40-18, ductile iron designed for A-16, 
structural loading.  Include 24-inch ID by 7- to 9-inch riser with 4-inch minimum width flange, 
and 26-inch- diameter flat grate with small square or short-slotted drainage openings. 


1. Grate Free Area:  Approximately 50 percent, unless otherwise indicated. 


2.11 STORMWATER INLETS 


A. Curb Inlets:  Made with vertical curb opening, of materials and dimensions according to 
utility standards. 


B. Gutter Inlets:  Made with horizontal gutter opening, of materials and dimensions according 
to utility standards.  Include heavy-duty frames and grates. 


C. Combination Inlets:  Made with vertical curb and horizontal gutter openings, of materials 
and dimensions according to utility standards.  Include heavy-duty frames and grates. 


D. Frames and Grates:  Heavy-duty frames and grates according to utility standards. 


E. Curb Inlets:  Vertical curb opening, of materials and dimensions indicated. 


F. Gutter Inlets:  Horizontal gutter opening, of materials and dimensions indicated.  Include 
heavy-duty frames and grates. 


G. Combination Inlets:  Vertical curb and horizontal gutter openings, of materials and 
dimensions indicated.  Include heavy-duty frames and grates. 


H. Frames and Grates:  Dimensions, opening pattern, free area, and other attributes indicated. 
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PART 3 - EXECUTION 


3.1 EARTHWORK 


A. Excavation, trenching, and backfilling are specified in Division 31 Section "Earth Moving." 


3.2 PIPING APPLICATIONS 


A. Pipe couplings and special pipe fittings with pressure ratings at least equal to piping rating 
may be used in applications below, unless otherwise indicated. 


1. Use nonpressure-type flexible couplings where required to join gravity-flow, 
nonpressure sewer piping, unless otherwise indicated. 


a. Unshielded flexible or rigid couplings for same or minor difference OD pipes. 


b. Unshielded, increaser/reducer-pattern, flexible or rigid couplings for pipes with 
different OD. 


c. Ring-type flexible couplings for piping of different sizes where annular space 
between smaller piping's OD and larger piping's ID permits installation. 


2. Use pressure-type pipe couplings for force-main joints. 


B. Special Pipe Fittings:  Use for pipe expansion and deflection.  Pipe couplings and special 
pipe fittings with pressure ratings at least equal to piping rating may be used in applications 
below, unless otherwise indicated. 


C. Gravity-Flow, Nonpressure Sewer Piping:  Use the following pipe materials for each size 
range: 


1. NPS 3 to NPS 4:  PVC water-service pipe; PVC Schedule 40, water-service-pipe 
fittings; and solvent-cemented joints. 


2. NPS 4 to NPS 8:  SDR-42 PVC sewer pipe and fittings, gaskets, and gasketed joints. 


3. NPS 6 to NPS 36:  Corrugated HDPE drainage pipe and fittings silttight  couplings, 
and coupled joints. 


3.3 PIPING INSTALLATION 


A. General Locations and Arrangements:  Drawing plans and details indicate general location 
and arrangement of underground storm drainage piping.  Location and arrangement of 
piping layout take design considerations into account.  Install piping as indicated, to extent 
practical.  Where specific installation is not indicated, follow piping manufacturer's written 
instructions. 


B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, 
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sleeves, and couplings according to manufacturer's written instructions for use of lubricants, 
cements, and other installation requirements. 


C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for 
branch connections unless direct tap into existing storm sewer is indicated. 


D. Install proper size increasers, reducers, and couplings where different sizes or materials of 
pipes and fittings are connected.  Reducing size of piping in direction of flow is prohibited. 


E. Tunneling:  Install pipe under streets or other obstructions that cannot be disturbed by 
tunneling, jacking, or a combination of both. 


F. Install gravity-flow, nonpressure drainage piping according to the following: 


1. Install piping pitched down in direction of flow, at minimum slope of 1 percent, unless 
otherwise indicated. 


2. Install piping with 24-inch minimum cover. 


3. Install HDPE corrugated drainage piping according to Greenbook Standards and 
Manufacturers recommendations. 


4. Install PVC profile gravity sewer piping according to ASTM D 2321 and 
ASTM F 1668. 


3.4 PIPE JOINT CONSTRUCTION 


A. Basic pipe joint construction is specified in Division 33 Section "Common Work Results for 
Utilities." Where specific joint construction is not indicated, follow piping manufacturer's 
written instructions. 


B. Join gravity-flow, nonpressure drainage piping according to the following: 


1. Join corrugated PE piping according to CPPA 100 and the following: 


a. Use silttight couplings for Type 2, silttight joints. 


b. Use soiltight couplings for Type 1, soiltight joints. 


2. Join PVC profile gravity sewer piping according to ASTM D 2321 for elastomeric-seal 
joints or ASTM F 794 for gasketed joints. 


3. Join dissimilar pipe materials with nonpressure-type flexible or rigid couplings. 


 


3.5 CLEANOUT INSTALLATION 


A. Install cleanouts and riser extension from sewer pipe to cleanout at grade.  Use cast-iron 
soil pipe fittings in sewer pipes at branches for cleanouts and cast-iron soil pipe for riser 
extensions to cleanouts.  Install piping so cleanouts open in direction of flow in sewer pipe. 
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1. Use medium-duty, top-loading classification cleanouts in earthen and paved foot-
traffic areas. 


2. Use extra-heavy-duty, top-loading classification cleanouts in vehicle traffic service 
areas and roads. 


B. Set cleanout frames and covers in earth in cast-in-place concrete block, 18 by 18 by 12 
inches deep.  Set with tops 1 inch above surrounding earth grade. 


C. Set cleanout frames and covers in concrete pavement with tops flush with pavement 
surface. 


3.6 DRAIN INSTALLATION 


A. Install type of drains in locations indicated. 


1. Use light-duty, top-loading classification cleanouts in earth or unpaved foot-traffic 
areas. 


2. Use heavy-duty, top-loading classification cleanouts in paved foot-traffic areas and 
vehicle-traffic service areas. 


B. Embed drains in 4-inch minimum depth of concrete around bottom and sides. 


C. Fasten grates to drains if indicated. 


D. Set drain frames and covers with tops flush with pavement surface. 


E. Assemble trench sections with flanged joints. 


F. Embed trench sections in 4-inch minimum concrete around bottom and sides. 


3.7 MANHOLE INSTALLATION 


A. General:  Install manholes, complete with appurtenances and accessories indicated. 


B. Install precast concrete manhole sections according to ASTM C 891. 


C. Construct cast-in-place manholes as indicated. 


D. Install PE sheeting on earth where cast-in-place-concrete manholes are to be built. 


E. Install FRP manholes according to manufacturer's written instructions. 


F. Set tops of frames and covers flush with finished surface of manholes that occur in 
pavements.  Set tops 3 inches above finished surface elsewhere, unless otherwise 
indicated. 
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3.8 CATCH BASIN INSTALLATION 


A. Construct catch basins to sizes and shapes indicated. 


B. Set frames and grates to elevations indicated. 


3.9 CONCRETE PLACEMENT 


A. Place cast-in-place concrete according to ACI 318/318R. 


3.10 DRAINAGE SYSTEM INSTALLATION 


A. Assemble and install components according to manufacturer's written instructions. 


B. Install with top surfaces of components, except piping, flush with finished surface. 


C. Assemble channel sections to form slope down toward drain outlets.  Use sealants, 
adhesives, fasteners, and other materials recommended by system manufacturer. 


D. Embed channel sections and drainage specialties in 4-inch minimum concrete around 
bottom and sides. 


E. Fasten grates to channel sections if indicated. 


F. Assemble channel sections with flanged or interlocking joints. 


G. Embed channel sections in 4-inch minimum concrete around bottom and sides. 


3.11 CONNECTIONS 


A. Connect nonpressure, gravity-flow drainage piping in building's storm building drains 
specified in Division 22 Section "Facility Storm Drainage Piping." 


B. Connect to sediment interceptors specified in Division 22 Section "Sanitary Waste 
Interceptors." 


3.12 CLOSING ABANDONED STORM DRAINAGE SYSTEMS 


A. Abandoned Piping:  Close open ends of abandoned underground piping indicated to remain 
in place.  Include closures strong enough to withstand hydrostatic and earth pressures that 
may result after ends of abandoned piping have been closed.  Use either procedure below: 


1. Close open ends of piping with at least 8-inch- thick, brick masonry bulkheads. 


2. Close open ends of piping with threaded metal caps, plastic plugs, or other 
acceptable methods suitable for size and type of material being closed.  Do not use 
wood plugs. 
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B. Abandoned Manholes and Structures:  Excavate around manholes and structures as 
required and use one procedure below: 


1. Remove manhole or structure and close open ends of remaining piping. 


C. Backfill to grade according to Division 31 Section "Earth Moving." 


3.13 PAINTING 


A. Clean and prepare concrete manhole surfaces for field painting.  Remove loose 
efflorescence, chalk, dust, grease, oils, and release agents.  Roughen surface as required 
to remove glaze.  Paint the following concrete surfaces as recommended by paint 
manufacturer: 


1. Cast-in-Place-Concrete Manholes:  All interior. 


2. Precast Concrete Manholes:  All interior. 


B. Prepare ferrous frame and cover surfaces according to SSPC-PA 1 and paint according to 
SSPC-PA 1 and SSPC-Paint 16.  Do not paint surfaces with foundry-applied, corrosion-
resistant coating. 


3.14 IDENTIFICATION 


A. Materials and their installation are specified in Division 31 Section "Earth Moving." Arrange 
for installation of green warning tape directly over piping and at outside edge of 
underground structures. 


1. Use detectable warning tape over ferrous piping. 


2. Use detectable warning tape over nonferrous piping and over edges of underground 
structures. 


3.15 FIELD QUALITY CONTROL 


A. Inspect interior of piping with closed circuit television (CCTV) to determine whether line 
displacement or other damage has occurred.  Inspect after approximately 24 inches of 
backfill is in place, and again at completion of Project, prior to occupancy.  


1. Submit separate videos and reports for each system inspection to review and 
approval by the Inspector of Record. 


2. Defects requiring correction include the following: 


a. Alignment:  Less than full diameter of inside of pipe is visible between 
structures. 


b. Deflection:  Flexible piping with deflection that prevents passage of ball or 
cylinder of size not less than 92.5 percent of piping diameter. 
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c. Crushed, broken, cracked, or otherwise damaged piping. 


d. Infiltration:  Water leakage into piping. 


e. Exfiltration:  Water leakage from or around piping. 


3. Replace defective piping using new materials, and repeat inspections until defects 
are within allowances specified. 


4. Reinspect and repeat procedure until results are satisfactory. 


B. Test new piping systems, and parts of existing systems that have been altered, extended, 
or repaired, for leaks and defects. 


1. Do not enclose, cover, or put into service before inspection and approval. 


2. Test completed piping systems according to Greenbook Specification Section 306-
1.4 for Air Testing. 


3. Notify Districts Inspector of Record for scheduled tests and inspections with at least 
24 hours' advance notice. 


4. Submit separate report for each test. 


5. Gravity-Flow Storm Drainage Piping:  Test according to requirements of authorities 
having jurisdiction, UNI-B-6, and the following: 


a. Exception:  Piping with soiltight joints unless required by authorities having 
jurisdiction. 


b. Option:  Test plastic piping according to ASTM F 1417. 


c. Option:  Test concrete piping according to ASTM C 924. 


C. Leaks and loss in test pressure constitute defects that must be repaired. 


D. Replace leaking piping using new materials, and repeat testing until leakage is within 
allowances specified. 


3.16 CLEANING 


A. Clean interior of piping of dirt and superfluous materials. Flush with potable water. 


END OF SECTION 





