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BASIC PLUMBING MATERIALS AND METHODS 

PART 1 - GENERAL 

1.1 GENERAL 

A. Where the word contractor is used in this specification or on the drawings, the term shall apply to a 

prime contractor or a subcontractor.  Where the term "this contractor" is used in this specification, 

the term shall apply to the plumbing contractor as applicable.  Words such as "he" and "she" used in 

this specification is not intended to designate gender. 

B. This Contractor shall refer to the "Instructions to Bidders", General Conditions, Supplementary 

General Conditions and Special Conditions and Applicable Provisions for bidding requirements and 

items that effect his work. 

C. Pertinent Federal, State and Local requirements and regulations of OSHA, National Electrical 

Codes, and NFPA, are hereby made a part of this contract.  Use of the term "code" in sections of 

this specification refers to applicable requirements and regulations of above listed agencies. 

D. It shall be the responsibility of this Contractor to promptly inform the Architects of all deviations in 

the drawings and specifications from the City, County and State Laws, Ordinances, Regulations or 

Rulings.  This Contractor shall install all work strictly in accordance with all such requirements at 

no additional cost to Owner. 

E. In the event the specifications or drawings conflict with such laws or ordinances, the conflicting 

portion of the work affected shall be installed in strict accordance with the laws or ordinances above 

mentioned and the remainder of the drawings and specifications shall remain in full force. 

F. If the requirements of these specifications or drawings are more stringent than the conflicting laws 

or ordinances, the requirements of the specifications and drawings shall govern unless amended by 

the Engineer. 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and the Supplementary Conditions 

and Division 1 Specification Sections, apply to this Section. 

1.3 SUMMARY 

A. This Section includes the following basic mechanical materials and methods to complement other 

Division 22 Sections. 

1. Piping materials and installation instructions common to most piping systems. 

2. Concrete equipment base construction requirements. 
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3. Equipment nameplate data requirements. 

4. Labeling and identifying mechanical systems and equipment is specified in Division 22 

Section "Plumbing Identification." 

5. Nonshrink grout for equipment installations. 

6. Field-fabricated metal and wood equipment supports. 

7. Installation requirements common to equipment specification Sections. 

8. Mechanical demolition. 

9. Cutting and patching. 

10. Touchup painting and finishing. 

11. Firestopping 

B. Pipe and pipe fitting materials are specified in piping system Sections. 

1.4 DEFINITIONS 

A. Pipe, pipe fittings, and piping include tube, tube fittings, and tubing. 

B. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe 

and duct shafts, unheated spaces immediately below the roof, spaces above ceilings, unexcavated 

spaces, crawl spaces, and tunnels. 

C. Exposed Interior Installations:  Exposed to view indoors.  Examples include finished occupied 

spaces and mechanical equipment rooms. 

D. Exposed Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient 

temperatures and weather conditions.  Examples include rooftop locations. 

E. Concealed Interior Installations:  Concealed from view and protected from physical contact by 

building occupants.  Examples include above ceilings and in duct shafts. 

F. Concealed Exterior Installations:  Concealed from view and protected from weather conditions and 

physical contact by building occupants, but subject to outdoor ambient temperatures.  Examples 

include installations within unheated shelters. 

1.5 MATERIAL AND EQUIPMENT SELECTION  

A. Product Options:  The specification of each item of major equipment required for the project may 

include a list of manufacturers, with one “basis of design” manufacturer, type, and model identified 

by virtue of their being the first listed manufacturer in the specifications.  Where several 

manufacturers in addition to the “basis of design” manufacturer are listed in the specifications, it 

shall be understood that the words “or approved equal by” are implied to precede each of the other 

manufacturer’s names. 

B. The manufacturers other than the “basis of design” may be furnished at the contractor’s option in 

lieu of the “basis of design” product, provided that the selected manufacturer’s product is equal in 

all material and functional respects.  Additional work required for equipment that is other than the 
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“basis of design”, shall be at the expense of the contractor. In addition to submittal requirements 

that may be specified in this section, submit a line-by-line written verification of the applicable 

specification section(s) identifying compliance with or variations from the specified features, 

materials, performance, capacities, weight, size, durability, energy consumption and efficiency, 

warranty, and visual impact (if exposed to view by other than maintenance persons). The burden of 

proof of manufacturer/product equality is on the contractor. 

C. Where a product is not scheduled on the drawings and, therefore, where no “basis of design” is 

indicated, the first listed manufacturer in the specifications shall be deemed as “basis of design” 

D. Products of manufacturers not listed in the Contract Documents are considered Substitutions and 

are not permitted, except as provided under the General and Supplementary Conditions and 

Division 1 Specifications. Full compliance with section “Product Substitutions” below is mandatory 

for acceptance of products or manufacturers not listed. 

E. Listing of a manufacturer does not imply approval of that manufacturer’s standard product or 

products.  Rather, listing of a manufacturer indicates only a general acceptance of that 

manufacturer’s name and reputation.  Final approval is subject to full compliance with these 

Contract Documents. 

F. Model numbers identified on the Drawings notwithstanding, all equipment must comply with the 

requirements of these Contract Documents.  Do not assume that a manufacturer’s standard product 

is acceptable as is.  For example, one or more custom modifications, custom colors or finishes, 

manufacturer’s options, and/or accessories may be required to meet the specified requirements. 

G. Where drawings indicate sizes, profiles, connections, and dimensional requirements of material and 

equipment, these are based on the “basis of design” manufacturer, type and model indicated.  In the 

event that equipment of power, dimensions, capacities, layout, connections, and/or ratings differing 

from the “basis of design” are selected by the contractor and approved by the Owner’s 

representative, any necessary adjustments are the contractor’s responsibility.  All connecting 

mechanical and electrical services, circuit breakers, conduit, motors, bases, pipe and duct sizes, pipe 

and duct layout, and the like shall be adjusted by the contractor to suit the equipment provided.  No 

additional costs will be approved for these changes. Should revisions to the design because of 

contractor’s selection of manufacturer, type, or model other than the “basis of design” require 

additional review and/or redesign by an Architect or Engineer, the contractor shall reimburse the 

Owner for Owner’s added professional fee expenses. 

H. Where two or more materials are listed in the “Part 2 – Products” subsection of any Division 22 

section, do not assume that the selection of materials is the contractor’s option. Refer to “Part 3 – 

Execution” subsection of that same Division 22 section for an explanation of which specific 

material(s) shall be used for which specific application(s).  For example, Part 2 may list several 

types and grades of piping, and Part 3 will describe which type and grade of pipe to use for a given 

application. 

I. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 

systems, and have been coordinated, as much as possible, based on available information and field 

observations.  Deviations to layout that may require additional fittings, and are within 6’-0” of 

design document layout, shall be at the expense of the contractor.  Deviations to layout shall be 
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documented on the coordination drawings. Indicated locations and arrangements were used to size 

pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install 

piping as indicated, unless deviations to layout are approved on Coordination Drawings. 

1.6 SUBSTITUTIONS 

A. Notwithstanding any reference in the specifications to any article, device, product, material, form or 

type of construction by name, or make, or catalog number, such references shall be interpreted as 

establishing a standard of quality and shall not be construed as limiting competition; and the 

Contractor in such cases may, at his option, use any article, device, product, material, fixture, form 

or type of construction which in the judgment of the Engineer, expressed in writing, is equal to that 

specified. 

B. Any materials or products other than those specified shall be submitted in writing to the Engineer 

for approval at least 10 days prior to the submission of bids.  Materials and products so approved 

will be so stated by addendum. 

C. No substitute equipment will be considered unless sufficient data is submitted with the request to 

allow adequate comparison with the specified equipment. 

D. The Engineer reserves the right to reject any or all substitute equipment, if, in his opinion, said 

equipment is not of equal quality, capacity or like design.  In all cases, the decision of the Engineer 

shall be final. 

E. This Contractor, at his option, may submit any item of material or equipment in a separate letter 

listing volunteer alternatives.  An add or deduct price shall be indicated for each volunteer alternate 

submitted.  Sufficient data shall accompany each volunteer alternate submitted to allow adequate 

comparison with the specified equipment.  The Contractor shall pay all costs associated with 

reviewing proposed substitute material or equipment. 

F. This Contractor shall pay all costs arising from the use of substitute equipment or material.  Such 

costs shall include but shall not be limited to architectural design costs, mechanical, electrical, 

plumbing, fire protection, civil & structural engineering costs & cost to other trades to 

accommodate the substitute equipment. 

1.7 SHOP DRAWINGS 

A. This Contractor shall submit for the Engineer's review a list of all equipment and subcontractors he 

proposes to use.  This list shall be submitted within thirty (30) days after signing of contracts or 

receiving "Letter of Intent".  The engineer will review and comment on this list prior to submission 

of shop drawings. 

B. After the Contractor has received the comments from the engineer concerning the list of equipment 

and subcontractors, this Contractor shall submit either 8 hard copies or electronic PDF of complete 

shop drawings or manufacturer data sheets, certification and descriptive literature for ALL material 

and equipment furnished on this project: 
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C. Shop drawings, manufacturer data sheets and descriptive literature shall include parts lists, 

operating and maintenance manuals, etc. 

D. The Contractor shall review each shop drawing etc. before submitting to the engineer to determine 

that it is acceptable in terms of the means, methods, techniques, orientation, sequences, operations 

of construction, safety precautions and programs incidental there to, all of which are the contractor's 

responsibility. 

E. The engineer shall review each shop drawing, etc. for its conformity with design intent and 

compliance with information given in the construction documents. 

F. The Contractor shall bring to the engineer’s attention any shop drawing, etc. that varies from the 

contract documents requirements. 

G. The engineers review time for all submittals will be 10 working days. 

H. The Contractor shall pay for the review of all shop drawings, etc. that varies from the requirements 

of the contract documents. 

I. Shop drawings, etc. submitted for equipment or material which was not specified, included in the 

specification or drawings by written addendum, or submitted by separate letter with the contractors 

bid will be returned without review and will not be considered for this project. 

J. At the completion of the project, this Contractor shall give the Owner three copies of all shop 

drawings, data sheets, operating manuals, parts lists, maintenance manuals, etc. which shall be 

bound in vinyl-covered three-ring binders with a complete index and index tabs.  All manuals to be 

submitted to the Engineer's Office for review and acceptance prior to transmittal to the Owner. 

1.8 OWNERS RECORD SET OF DRAWINGS 

A. This Contractor shall keep a careful record of all changes in location of all piping, valves, controls, 

etc. underground and on all floors from that actually shown on the working drawings.  Upon 

completion of this project, this Contractor shall transmit these changes on electronic medial in PDF 

format.  The set of drawings shall include all drawings, even if no changes were made.  Each 

"record drawing" shall be so labeled, dated and signed by this Contractor. 

B. This Contractor shall indicate all changes to the Architectural backgrounds and Plumbing and 

Sewering systems in the identical manner as the original drawings, i.e., without  crossouts, etc. and 

shall also transcribe to these drawings all change orders. 

C. The cost of the reproductions shall be paid by this Contractor. 
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1.9 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end-caps.  Maintain end-caps through shipping, 

storage, and handling to prevent pipe-end damage and prevent entrance of dirt, debris, and 

moisture. 

B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade.  When stored inside, do 

not exceed structural capacity of the floor. 

C. Protect flanges, fittings, and piping specialties from moisture and dirt. 

D. Protect stored plastic pipes from direct sunlight.  Support to prevent sagging and bending. 

1.10 SEQUENCING AND SCHEDULING 

A. Coordinate mechanical equipment installation with other building components. 

B. Arrange for chases, slots, and openings in building structure during progress of construction to 

allow for mechanical installations. 

C. Coordinate the installation of required supporting devices and set sleeves in poured-in-place 

concrete and other structural components as they are constructed. 

D. Sequence, coordinate, and integrate installations of mechanical materials and equipment for 

efficient flow of the Work.  Coordinate installation of large equipment requiring positioning prior to 

closing in the building. 

E. Coordinate connection of electrical services. 

F. Coordinate requirements for access panels and doors where mechanical items requiring access are 

concealed behind finished surfaces.  Access panels and doors are specified in this section. 

G. Coordinate installation of identifying devices after completing covering and painting where devices 

are applied to surfaces.  Install identifying devices prior to installing acoustical ceilings and similar 

concealment. 

1.11 COORDINATION DRAWINGS 

A. Coordination drawings are not required on this project.  Contractor shall coordinate their work with 

the work of other trades.  In the event a Contractor fails to coordinate with other trades, he will be 

held responsible for all costs incurred for adjustments to the work of others made necessary to 

accommodate the uncooperative Contractor's installations. 

1. The Contractor shall oversee the preparation of coordination drawings as follows:  

a. Contractors responsible for the following items of work located in or above ceilings 

shall participate in preparation of Coordination Drawings. 

1) Recessed light fixtures. 
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2) Pneumatic tube systems. 

3) Ductwork and appurtenances. 

4) Plumbing waste and roof drainage. 

5) Fire Protection (Sprinkler System). 

6) HVAC piping 

7) Plumbing vent, supply and medical gas piping. 

8) Plumbing domestic water piping. 

9) Medical gas piping. 

10) Electrical conduit. 

b. The above list, in descending order, is the precedence assigned the work items for 

space priority.  Recessed light fixtures and space for their installation has first priority, 

pneumatic tube and other record or material conveying systems, second priority, etc.  

An exception to the precedence listing would be the gravity flow requirements for 

plumbing waste and roof drainage. 

2. After award of contracts and prior to start of construction, the General Contractor will 

schedule a meeting with the Contractors responsible for the work items listed above.  The 

purpose of the meeting is to introduce the coordination program and to determine its 

implementation in relation to the progress schedule. 

3. At the initial coordination meeting, the General Contractor will provide to the HVAC 

Contractor electronic AutoCAD drawings showing column center lines, interior partition 

locations, and ceiling heights.  The HVAC Contractor, with reference and consideration to 

the structural, mechanical, electrical, fire protection, plumbing and reflected ceiling plans, 

will draw, to scale, his proposed installation showing duct sizes, equipment layouts, and 

dimensions from column lines and from finished floors to bottom of ducts.  Ductwork will be 

maintained as tight as possible to the underside of floor slabs and/or beams.  In congested 

areas, the HVAC Contractor will, in addition, prepare drawings in section view.  During this 

phase of the program, it will be the Electrical Contractor's responsibility to furnish the 

HVAC Contractor with recessed lighting installation and clearance requirements.  This 

information will be outlined on the drawings by the HVAC Contractor. 

4. The ductwork layouts will be produced in sequence as mandated by the project schedule.  

The earliest area indicated in the schedule will receive the first effort, etc. 

5. When the ductwork drawings for the earliest scheduled area have been completed (time 

limitation as determined at the initial coordination meeting), the HVAC Contractor will 

provide the General Contractor electronic AutoCAD drawing files for each participant in the 

effort.  The General Contractor will distribute the drawings to the participating Contractors 

for their use in drawing thereon the major components of their proposed installations using 

the general scheme shown on the Contract Drawings as a guide. 

a. The major components to be indicated include (but are not limited to): 

1) Roof drain leaders 

2) Large waste piping 

3) Sprinkler mains 

4) Heating hot water mains 

5) Chilled water mains 

6) Conveying systems 

7) Significant conduit runs 

8) Cable trays 

9) Domestic water mains 

10) Pnuematic Tube System 
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b. Information delineated will be distance from column center lines, pipe/equipment size 

and distance from finished floor to bottom of pipe/equipment. 

6. Within a period of not to exceed two (2) weeks after distribution of the drawings, the 

General Contractor will schedule a meeting with the participating Contractors at which time, 

the drawings will be over layed to identify areas of conflict.  All parties including ceiling 

contractor will then cooperate in resolving the conflicts. Records of the agreements will be 

entered on the HVAC Contractor's AutoCAD drawings, acknowledged by all participants by 

signature in a space provided for this purpose, and two (2) blueline copies distributed to all 

involved parties.  All drawing reproduction costs will be borne by the General Contractor.  

The above drawing review and coordination process will be repeated until all areas on the 

Project have been coordinated. 

7. In the event a Contractor fails to cooperate in the Coordination Program, he will be held 

responsible for all costs incurred for adjustments to the work of others made necessary to 

accommodate the uncooperative Contractor's installations. 

8. When a Change Order request is issued, the affected Contractors shall review the 

Coordination Drawings and bring to the attention of the General Contractor any revisions 

necessary to the work of others not directly affected by the Change Order. 

PART 2 -  PRODUCTS 

2.1 PIPE AND PIPE FITTINGS 

A. Refer to individual piping system specification Sections for pipe and fitting materials and joining 

methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.a) JOINING 

MATERIALS 

C. Refer to individual piping system specification Sections in Division 22 for special joining materials 

not listed below. 

D. Pipe Flange Gasket Materials:  Suitable for the chemical and thermal conditions of the piping 

system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3mm) maximum thickness, except 

where thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125 cast-iron and cast-bronze flanges. 

b. Narrow-Face Type:  For raised-face, Class 250 cast-iron and steel flanges. 

2. ASME B16.20 for grooved, ring-joint, steel flanges. 

3. AWWA C110, rubber, flat face, 1/8 inch (3 mm) thick, except where other thickness is 

indicated; and full-face or ring type, except where type is indicated. 

E. Flange Bolts and Nuts:  ASME B18.2.1, stainless steel, except where other material is indicated. 

F. Plastic Pipe Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, except where other type or material is indicated. 
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G. Solder Filler Metal:  ASTM B 32. 

1. Alloy Sn95: Lead Free 

2. Alloy Sn50:  Tin (50 percent) and lead (50 percent). 

3. Alloy E:  Tin (approximately 95 percent) and copper (approximately 5 percent). 

4. Alloy HA:  Tin-antimony-silver-copper-zinc. 

5. Alloy HB:  Tin-antimony-silver-copper-nickel. 

H. Brazing Filler Metals:  AWS A5.8. 

1. BCuP Series: Stay Silv 15 

2. BAg1:  Silver alloy. 

I. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall 

thickness and chemical analysis of steel pipe being welded. 

J. Solvent Cements:  Manufacturer's standard solvents complying with the following: 

1. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235. 

2. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM F 493. 

3. Poly(Vinyl Chloride) (PVC):  ASTM D 2564. 

4. PVC to ABS Transition:  Made to requirements of ASTM D 3138, color other than orange. 

K. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket. 

L. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon steel 

bolts and nuts. 

M. Couplings:  Iron body sleeve assembly, fabricated to match outside diameters of plain-end pressure 

pipes. 

1. Sleeve:  ASTM A 126, Class B, gray iron. 

2. Followers:  ASTM A 47 (ASTM A 47M), Grade 32510 or ASTM A 536 ductile iron. 

3. Gaskets:  Rubber. 

4. Bolts and Nuts:  AWWA C111. 

5. Finish:  Enamel paint. 

2.2 PIPING SPECIALTIES 

A. Escutcheons:  Manufactured wall, ceiling, and floor plates; deep-pattern type where required to 

conceal protruding fittings and sleeves. 

1. Inside Diameter:  Closely fit around pipe, tube, and insulation. 

2. Outside Diameter:  Completely cover opening. 

3. Cast Brass:  One-piece, with set-screw. 

a. Finish:  Polished chrome plate. 

4. Cast Brass:  Split casting, with concealed hinge and set-screw. 

a. Finish:  Polished chrome plate. 

B. Dielectric Fittings:  Assembly or fitting having insulating material isolating joined dissimilar metals 

to prevent galvanic action and stop corrosion. 
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1. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld 

neck end types and matching piping system materials. 

2. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

3. Dielectric Unions:  Factory-fabricated, union assembly for 250-psig (1725kPa) minimum 

working pressure at a 180 deg F (82 deg C) temperature. 

4. Dielectric Flanges:  Factory-fabricated, companion-flange assembly for 150- or 300-psig 

(1035kPa or 2070kPa) minimum pressure to suit system pressures. 

5. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly, full-face or 

ring type.  Components include neoprene or phenolic gasket, phenolic or polyethylene bolt 

sleeves, phenolic washers, and steel backing washers. 

a. Provide separate companion flanges and stainless steel bolts and nuts for 150- or 

300-psig (1035kPa or 2070kPa) minimum working pressure to suit system pressures. 

6. Dielectric Couplings:  Galvanized-steel coupling, having inert and noncorrosive, 

thermoplastic lining, with threaded ends and 300-psig (2070kPa) minimum working pressure 

at 225 deg F (107 deg C) temperature. 

7. Dielectric Nipples:  Electroplated steel nipple, having inert and noncorrosive thermoplastic 

lining, with combination of plain, threaded, or grooved end types and 300-psig (2070kPa) 

working pressure at 225 deg F (107 deg C) temperature. 

C. Mechanical Sleeve Seals:  Modular, watertight mechanical type.  Components include interlocking 

synthetic rubber links shaped to continuously fill annular space between pipe and sleeve.  

Connecting bolts and pressure plates cause rubber sealing elements to expand when tightened. 

D. Sleeves:  The following materials are for wall, floor, slab, and roof penetrations: 

1. Steel Sheet-Metal:  24-gage (0.70mm) or heavier galvanized sheet metal, round tube closed 

with welded longitudinal joint. 

2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends. 

3. Cast-Iron:  Cast or fabricated wall pipe equivalent to ductile-iron pressure pipe, having plain 

ends and integral water stop, except where other features are specified. 

4. Wall Penetration Systems:  Wall sleeve assembly, consisting of housing, gaskets, and pipe 

sleeve, with 1 mechanical-joint end conforming to AWWA C110 and 1 plain pipe-sleeve 

end. 

a. Penetrating Pipe Deflection:  5 percent without leakage. 

b. Housing:  Ductile-iron casting having waterstop and anchor ring, with ductile-iron 

gland, steel studs and nuts, and rubber gasket conforming to AWWA C111, of 

housing and gasket size as required to fit penetrating pipe. 

c. Pipe Sleeve:  AWWA C151, ductile-iron pipe. 

d. Housing-to-Sleeve Gasket:  Rubber or neoprene push-on type of manufacturer's 

design. 

5. Cast-Iron Sleeve Fittings:  Commercially made sleeve having an integral clamping flange, 

with clamping ring, bolts, and nuts for membrane flashing. 

a. Underdeck Clamp:  Clamping ring with set-screws. 

6. PVC Plastic:  Manufactured, permanent, with nailing flange for attaching to wooden forms. 

7. PVC Plastic Pipe:  ASTM D 1785, Schedule 40. 

8. PE Plastic:  Manufactured, reusable, tapered, cup-shaped, smooth outer surface, with nailing 

flange for attaching to wooden forms. 
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2.3 GROUT 

A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B. 

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining, 

noncorrosive, nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi (34.50MPa), 28-day compressive strength. 

3. Packaging:  Premixed and factory-packaged. 

PART 3 -  EXECUTION 

3.1 PIPING SYSTEMS--COMMON REQUIREMENTS 

A. General:  Install piping as described below, except where system Sections specify otherwise.  

Individual piping system specification Sections in Division 15 specify piping installation 

requirements unique to the piping system. 

B. General Locations and Arrangements:  Drawings (plans, schematics, and diagrams) indicate general 

location and arrangement of piping systems.  Indicated locations and arrangements were used to 

size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  

Install piping as indicated, except where deviations to layout are approved on coordination 

drawings. 

C. Install piping at indicated slope. 

D. Install components having pressure rating equal to or greater than system operating pressure. 

E. Install piping in concealed interior and exterior locations, except in equipment rooms and service 

areas. 

F. Install piping free of sags and bends. 

G. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diagonal 

runs are prohibited, except where indicated. 

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow 

sufficient space above removable ceiling panels to allow for ceiling panel removal. 

I. Install piping to allow application of insulation plus 1-inch (25mm) clearance around insulation. 

J. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 

K. Install fittings for changes in direction and branch connections. 

L. Install couplings according to manufacturer's printed instructions. 
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M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board partitions, 

and suspended ceilings according to the following: 

1. Chrome-Plated Piping:  Cast-brass, one-piece, with set-screw, and polished chrome-plated 

finish.  Use split-casting escutcheons, where required, for existing piping. 

2. Uninsulated Piping Wall Escutcheons:  Cast-brass or stamped-steel, with set-screw. 

3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates. 

4. Insulated Piping:  Cast-brass or stamped-steel, with concealed hinge, spring clips, and 

chrome-plated finish. 

5. Piping in Utility Areas:  Cast-brass or stamped-steel, with set-screw or spring clips. 

N. Sleeves are not required for core drilled holes. 

O. Above Grade, Exterior Wall, Pipe Penetrations:  Seal penetrations using sleeves and mechanical 

sleeve seals.  Size sleeve for 1-inch (25mm) annular clear space between pipe and sleeve for 

installation of mechanical seals. 

1. Install steel pipe for sleeves smaller than 6 inches (150 mm). 

2. Install cast-iron wall pipes for sleeves 6 inches (150 mm) and larger. 

3. Assemble and install mechanical seals according to manufacturer's printed instructions. 

P. Fire Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 

pipe penetrations.  Seal pipe penetrations with firestopping sealant material.  

Q. Verify final equipment locations for roughing in. 

R. Refer to equipment specifications in other Sections for roughing-in requirements. 

S. Piping Joint Construction:  Join pipe and fittings as follows and as specifically required in 

individual piping system Sections. 

1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 

assembly. 

3. Soldered Joints:  Construct joints according to AWS "Soldering Manual," Chapter 22 "The 

Soldering of Pipe and Tube." 

4. Brazed Joints:  Construct joints according to AWS "Brazing Manual" in the "Pipe and Tube" 

chapter. 

5. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut 

threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore 

full inside diameter.  Join pipe fittings and valves as follows: 

a. Note the internal length of threads in fittings or valve ends, and proximity of internal 

seat or wall, to determine how far pipe should be threaded into joint. 

b. Apply appropriate tape or thread compound to external pipe threads (except where dry 

seal threading is specified). 

c. Align threads at point of assembly. 

d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being 

threaded. 

e. Damaged Threads:  Do not use pipe or pipe fittings having threads that are corroded 

or damaged.  Do not use pipe sections that have cracked or open welds. 
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6. Welded Joints:  Construct joints according to AWS D10.12 "Recommended Practices and 

Procedures for Welding Low Carbon Steel Pipe" using qualified processes and welding 

operators according to the "Quality Assurance" Article. 

7. Flanged Joints:  Align flange surfaces parallel.  Select appropriate gasket material, size, type, 

and thickness for service application.  Install gasket concentrically positioned.  Assemble 

joints by sequencing bolt tightening to make initial contact of flanges and gaskets as flat and 

parallel as possible.  Use suitable lubricants on bolt threads.  Tighten bolts gradually and 

uniformly using torque wrench. 

8. Plastic Pipe and Fitting Solvent-Cement Joints:  Clean and dry joining surfaces by wiping 

with clean cloth or paper towels.  Join pipe and fittings according to the following standards: 

a. Comply with ASTM F 402 for safe handling of solvent-cement and primers. 

b. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235 and ASTM D 2661. 

c. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM D 2846 and ASTM F 493. 

d. Poly(Vinyl Chloride) (PVC) Pressure Application:  ASTM D 2672. 

e. Poly(Vinyl Chloride) (PVC) Non-Pressure Application:  ASTM D 2855. 

f. PVC to ABS (Non-Pressure) Transition:  Procedure and solvent cement described in 

ASTM D 3138. 

9. Plastic Pipe and Fitting Heat-Fusion Joints:  Prepare pipe and fittings and join with 

heat-fusion equipment according to manufacturer's printed instructions. 

a. Plain-End Pipe and Fittings:  Butt joining. 

b. Plain-End Pipe and Socket-Type Fittings:  Socket joining. 

T. Piping Connections:  Except as otherwise indicated, make piping connections as specified below. 

1. Install unions in piping 2 inches (50 mm) and smaller adjacent to each valve and at final 

connection to each piece of equipment having a 2-inch (50mm) or smaller threaded pipe 

connection. 

2. Install flanges in piping 2-1/2 inches (65 mm) and larger adjacent to flanged valves and at 

final connection to each piece of equipment having flanged pipe connection. 

3. Dry Piping Systems (Gas, Compressed Air, and Vacuum):  Install dielectric unions and 

flanges to connect piping materials of dissimilar metals. 

4. Wet Piping Systems (Water):  Install dielectric coupling and nipple fittings to connect piping 

materials of dissimilar metals. 

3.2 PAINTING AND FINISHING 

A. Damage and Touch Up:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish. 

3.3 ERECTION OF METAL SUPPORTS AND ANCHORAGE 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor mechanical materials and equipment. 

B. Field Welding:  Comply with AWS D1.1 "Structural Welding Code--Steel." 
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3.4 DEMOLITION 

A. This Contractor shall include all demolition and removal of the present piping, plumbing fixtures, 

mechanical equipment, stands, domestic water piping,  storm water piping etc., indicated on the 

Drawings and all connecting water, waste & vent piping related to the fixtures which are located in 

the areas to be remodeled.  This Contractor shall make a thorough investigation of these areas along 

with the drawings to determine the exact extent of this work. 

B. All water, waste & vent piping serving the existing fixtures and equipment to be removed; all 

existing water, soil, waste, downspout and vent piping which no longer remains in active service, 

and all existing water, soil, waste, downspout, and vent piping indicated to be removed, replaced or 

relocated, shall be removed to a point where the piping remains active or to a point where the 

piping passes into another area of the building which is not included in the scope of this contract.  

Where piping is removed, also remove the hangers. 

C. Where piping has been removed, cap or plug the piping at the point where the lines remain active or 

cap the inactive piping behind the finished wall, above the finished ceiling, or below the finished 

floor.  Where existing shut-off valves will remain in the existing piping system and they will be 

covered by new un-removable furring or walls, furnish and install new access panels. 

D. Where soil, waste, and vent piping is removed; plug the remaining piping at the point where the 

lines remain active, below the finished floor, behind the finished wall or above the finished ceiling. 

E. Any piping which remains active and is presently connected to a line indicated to be removed shall 

be connected to the new piping of the same service or reconnected to an existing pipe of the same 

service. 

F. The debris and materials removed and not to be reused, except where called for to be retained by 

the Owner, shall become the property of the Plumbing Contractor and are to be removed from the 

premises as fast as possible and under no circumstances be allowed to accumulate. 

G. All wrecking operations, shall be done in such a manner and at such a time that it will not interfere 

with the operation or occupancy of the building.  All noise, dust, etc., shall be kept at a minimum, 

and the work shall be handled so as to prevent any damage to permanent parts of the building or 

mechanical system. 

H. No soil, waste or vent piping shall be left open at any time during the wrecking and new 

construction period.  All openings must be temporarily plugged.  We prohibit the accidental or 

intentional depositing of construction debris into the sewers. 

I. This Contractor shall be responsible for the draining and refilling of all piping required for the 

performance of his work. 

J. The Owner, at his option, will retain all Plumbing Fixtures and trim. All other material removed 

shall become the property of this Contractor. 
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3.5 CUTTING AND PATCHING 

A. This Contractor shall sleeve all holes in the new construction for the installation of his work.   

B. This Contractor shall cut all holes in floors, walls, ceiling, and roof necessary for the installation of 

the work in the existing building, except work shown on the Architectural Wrecking Drawings to be 

performed by the General Contractor.  

C. The holes for piping shall be cut with a diamond edge core drill.  Under no circumstances shall a 

pneumatic or electric hammer be used to cut holes in walls or floors with the exception of the floor 

on ground.  Saw cutting of concrete slab on grade will not be required; however, the floors shall be 

scored with a sharp instrument to outline the trench before breaking floor to obtain a fairly straight 

line trench.  Provide watertight receptacle, wedged to bottom of structure, where core drilling 

occurs; preventing water from staining finishes of floors below. 

D. Before cutting holes in floors and ceilings; make careful field measurements at floor and ceiling to 

determine location of structural beams, and under no circumstances shall structural beams be cut or 

damaged during the cutting of these holes. 

E. This Contractor shall coordinate the cutting of existing construction with the (Construction 

Manager, Owner, General Contractor) and shall obtain approval prior to commencing any 

demolition work. 

F. The patching of all holes shall be by this Contractor.  Where holes are left after removal of pipes or 

equipment, the openings shall be closed.  All plaster ceiling, ceiling tile, floor tile, wall covering, 

etc. which must be removed in areas which will not receive new finishes under the General 

Contract Work must be replaced by this Contractor including all necessary painting to match 

existing colors.  If the painted area does not blend into and match the adjacent area of a ceiling 

panel or wall panel, the entire ceiling or wall panel must be repainted.  All such patching and 

painting shall restore areas to like conditions at time of starting work, subject to the direction and 

satisfaction of the Architect and Owner.  This Contractor shall hire mechanics skilled in their trades 

to perform all patching work and painting where required.  Refer to the Architectural Plans and to 

the Room Finish Schedules to determine the scope of other Contractors work. 

G. Where holes are left after removal of pipes or plumbing equipment or due to revisions, alteration, 

changes or errors, the openings shall be closed. 

H. This Contractor shall hire mechanics skilled in their trades to perform all patching such as concrete 

work, plastering, painting, etc.  Such patching shall restore areas to like conditions at time of 

starting work, and shall be subject to the approval of the Architect. 

3.6 CAULKING AND SEALANT 

A. Refer to division 7 for fire caulking requirements. 
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B. This Contractor shall furnish and install caulking and sealant for all piping passing through fire 

rated floor structural slab and partition walls.  this shall apply to all piping whether concealed in 

chases, above dropped ceiling areas, or exposed. 

C. A Fire-Stop System equivalent to 3M brand fire protection products as required for the specific 

application shall be used to seal penetrations of pipes and conduits through fire-rated walls and 

floors per NEC 300-21, NEC 800-3 (C), and ASTM E-814. 

D. All piping shall be firmly secured prior to installation of putty or caulk.  Inspect and clean opening 

of all loose foreign material prior to the installation of the putty or caulk. 

E. Install caulk or putty as recommended by the manufacturer.   

3.7 ACCESS TO EQUIPMENT 

A. All control devices, specialties, etc., shall be so located as to provide for easy access for operation, 

repair and maintenance; if concealed, access doors shall be provided by this Contractor. 

B. The doors shall be Acudor Products Inc (www.acudor.com) of the following types: 

1. Plaster ceilings-------------------------------------Type "PS5030" 

2. Plaster walls-----------------------------------------Type "PS5030" 

3. Masonry walls---------------------------------------Type "UF5000" 

4. Gypsum drywall walls-----------------------------Type "DW5040" 

5. Gypsum drywall ceilings--------------------------Type "DW5040" 

6. Gypsum drywall above finished ceiling -------Type “UF5000” 

C. No access doors shall be smaller than 18" x 18". 

D. SPECIAL NOTE:  Install "FW5050” “B" labeled access doors in all 1-hour and  

E. 2 -hour fire rated walls and ceilings. 

F. Furnish all ceiling panels with a factory applied baked-on off-white enamel finish, and all wall 

panels with a factory applied prime coat, baked-on enamel finish. 

G. Where valves, control devices, etc., are located above removable ceiling panels, this Contractor 

shall furnish   and install color coded screws or tacks installed in the ceiling tile to identify the 

location.  

H. All access panels will be installed by the contractor for the installation of the walls or the ceilings in 

locations designated by this Contractor. 

I. Comparable access panels by Cesco or Milcor will be acceptable. 
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3.8 GROUTING 

A. Install nonmetallic nonshrink grout for mechanical equipment base bearing surfaces, pump and 

other equipment base plates, and anchors.  Mix grout according to manufacturer's printed 

instructions. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms for placement of grout, as required. 

D. Avoid air entrapment when placing grout. 

E. Place grout to completely fill equipment bases. 

F. Place grout on concrete bases to provide a smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout according to manufacturer's printed instructions. 

END OF SECTION 22 05 00 
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SECTION 22 05 49 

PLUMBING SYSTEMS 

SUPPORTS, BRACING AND SEISMIC RESTRAINTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

B. St. Louis County, Missouri  Rules, Regulations, and Interpretations; Earthquake Resistant 

Architectural, Mechanical, Electrical, & Plumbing System Components dated November 30, 

2006. 

C. ASCE (American Society of Civil Engineers) 7 - Minimum Design Loads for Buildings and 

Other Structures Latest Edition SMACNA Seismic Restraint Manual Guidelines for Mechanical 

Systems                      (latest edition). 

D. International Code Council (ICC) Evaluation Service Program-provided seismic restraint, 

anchorage, and only bracing guidelines and details (latest editions). 

E. Office of Statewide Health Planning and Development published seismic restraint manuals, 

guidelines and details (latest editions). 

1.2 SUMMARY 

A. This Section includes designing, furnishing, and installing the following: 

1. Hangers and supports for mechanical (HVAC or process) and plumbing or fire protection 

equipment and systems. 

2. Seismic restraints for mechanical (HVAC or process) and plumbing or fire protection 

equipment and systems. 

3. Concrete bases for mechanical, plumbing or fire protection equipment. 

1.3 DEFINITIONS 

A. ASTM:  American Society for Testing and Materials 

B. AWS:  American Welding Society 

C. IBC:  International Building Code (2015 IBC). 
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D. ICC:  International Code Council. 

E. MFMA:  Metal Framing Manufacturer’s Association. 

F. MSS:  Manufacturer's Standardization Society. 

G. NBC:  National Building Code (latest edition). 

H. NFPA:  National Fire Protection Association. 

I. OSHPD:  Office of Statewide Health Planning and Development. 

J. SBC:  Standard Building Code (latest edition). 

K. Seismic Restraint:  A structural support element (such as a metal framing member, a cable, an 

anchor bolt or stud, a fastening device, or an assembly of these items) used to transfer seismic 

forces from an item of equipment or system to a building structural element and/or to limit 

movement of such item during a seismic event. 

L. SMACNA:  Sheet Metal and Air Conditioning Contractor's National Association. 

M. UBC:  Uniform Building Code (latest edition). 

1.4 SUBMITTALS 

A. Product Data submitted shall illustrate and indicate style, material, strength, fastening provision, 

and finish for each type and size of electrical support or seismic-restraint component used: 

1. Tabulate types, sizes and points of application of all seismic restraints, anchorages, sway 

bracing and other support elements to be used complete with report on numbers and rated 

strength in tension and shear, as evaluated by an agency acceptable to authorities having 

jurisdiction. 

2. Annotate to indicate application point of each product submitted and to document 

compliance with requirements. 

B. Shop Drawings submitted shall indicate materials and dimensions as well as identify hardware, 

(including attachment and anchorage devices), identify seismic support locations, all signed and 

sealed by a qualified registered professional engineer.  Professional engineer qualification 

requirements are specified in Division 1 of this Specification include the following, as a 

minimum: 

1. Fabricated Supports:  Representations of field-fabricated supports for all required 

locations. 

2. Seismic Restraints:  Detailing anchorage bracing, and location.  Include the following: 

a. Design Analysis:  To support selection and arrangement of seismic restraints.  

Include calculations of combined tensile and shear loads. Include location of 

designed restraint. 
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b. Details:  Fabrication and arrangement, as well as attachments of restraints to the 

restrained items and to the structure shall be detailed.  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. 

c. Pre-approval and Evaluation Documentation from by an agency acceptable to 

authorities having jurisdiction shall be submitted, showing maximum ratings of 

restraint items and the basis for approval (tests or calculations). 

d. Location: Identify by tables or drawings all required seismic restraint locations and 

associated restraints for this Project. 

3. Contractor is hereby cautioned that the design of the anchorages, sway bracing, seismic 

restraints, and other support elements required to be completed under this Section of this 

Specification by a qualified, registered professional engineer may NOT be accomplished 

solely by means of general references to published design manuals, tables, standard 

details, or other such references from Accepted Engineering Practice documents.  

However, incorporating such information, tables, details, or other published reference 

material directly into the specific design of such anchorages, sway bracing, seismic 

restraints, and other support elements required to be completed under this Section of this 

Specification (that will ultimately be signed and sealed by the registered professional 

engineer prior to submittal) is permissible. 

4. Contractor is hereby further cautioned that the use of earthquake resistance practices or 

guidelines contained in 2002 NFPA 13 Standard in the design of the anchorages, sway 

bracing, seismic restraints, and other support elements required to be completed under 

this Section of this Specification by a qualified, registered professional engineer is 

allowed ONLY to the extent that the exceptions and precautions contained in the St. 

Louis County, Missouri  Rules, Regulations, and Interpretations; Earthquake Resistant 

Architectural, Mechanical, Electrical, & Plumbing System Components are observed. 

C. Coordination Drawings shall show coordination of seismic bracing for mechanical, plumbing 

and fire protection components with other systems and equipment in the vicinity, including 

other supports and seismic restraints. 

D. Welding certificates shall be submitted, as appropriate. 

E. Qualification Data for registered professional design engineer and testing agency shall be 

submitted. 

F. Field quality-control test reports shall be submitted. 

1.5 QUALITY ASSURANCE 

A. Comply with seismic-restraint requirements in the IBC, unless requirements in these Contract 

Documents are more stringent. 

B. Testing of Seismic Anchorage Devices:  Comply with testing requirements in Part 3 of this 

Specification Section. 
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C. Welding:  Qualify welding procedures and welding personnel capabilities according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

D. Seismic restraint devices shall have been subjected to both horizontal and vertical load testing 

and analysis acceptable to authorities having jurisdiction, showing maximum seismic restraint 

ratings. 

E. Ratings based on independent testing are preferred to ratings based on calculations.  Testing 

and/or calculations must include both shear and tensile loads (including combined shear and 

tensile loads), and one test or analysis at 45 degrees to the weakest mode.   

1.6 PROJECT CONDITIONS 

A. See Table(s) on Contract Drawings for specific project conditions. 

B. Site Class = D. 

C. Spectral Response Factors: 

1. Refer to geotechnical report or structural drawings. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists of acceptable manufacturers, the 

following requirements apply to product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified or Engineer-approved equal. 

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 

calculated or imposed on mechanical and plumbing system components for this Project, with a 

minimum structural safety factor of five (5) times the applied force. 

B. Steel Slotted Support Systems shall comply with MFMA-3, factory-fabricated components for 

field assembly. 

1. Acceptable Manufacturers: 

a. Cooper B-Line; a division of Cooper Industries. 

b. ERICO International Corporation. 

c. Allied Support Systems; Power-Strut Unit. 

d. GS Metals Corp. 

e. Michigan Hanger Co., Inc.; O-Strut Div. 
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f. National Pipe Hanger Corp. 

g. Thomas & Betts Corporation. 

h. Unistrut; Tyco International, Ltd. 

i. Wesanco, Inc. 

j. Engineer-approved equal. 

2. Finishes: 

a. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to 

MFMA-3. 

b. Painted Coatings:  Manufacturer's standard painted coating applied according to 

MFMA-3. 

3. Channel Dimension shall be selected for structural loading condition and applicable 

seismic forces. 

C. Raceway and Cable Tray Support shall be as described in the IBC and ASCE 7 documents. 

D. Conduit and Cable Support Device shall be steel hangers, clamps, and associated fittings, 

specifically designed for the types and sizes of raceway or pipe to be supported. 

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, 

shapes, and bars; black and galvanized. 

F. Mounting, Anchoring, and Attachment Components:  Requirements for items for fastening 

mechanical or plumbing items or their supports to building surfaces shall include the following: 

1. Verify suitability of all fasteners for use with lightweight concrete or concrete slabs less 

than 4 inches thick. 

2. Powder-Actuated Fasteners shall be 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. Acceptable Manufacturers: 

1) Hilti, Inc. 

2) ITW Construction Products. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co. Inc. 

5) Engineer-approved equal. 

3. Mechanical-Expansion Anchors shall be insert-wedge-type, stainless steel, for use in 

hardened portland cement concrete; with tension, shear, and pullout capacities 

appropriate for supported loads and building materials in which used. 

a. Acceptable Manufacturers: 

1) Cooper B-Line; a division of Cooper Industries. 

2) Empire Tool and Manufacturing Co., Inc 

3) Hilti, Inc. 

4) ITW Construction Products. 

5) MKT Fastening, LLC. 

6) Powers Fasteners. 

7) Engineer-approved equal. 

4. Concrete Inserts shall be steel or malleable-iron slotted-support-system units similar to 

MSS Type 18; complying with MFMA-3 or MSS SP-58. 
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5. Clamps for Attachment to Steel Structural Elements shall conform to MSS SP-58, type 

suitable for attached structural element. 

6. Through Bolts shall be structural type, hex head, high-strength.  Comply with 

ASTM A 325. 

7. Toggle Bolts shall be all-steel springhead type. 

8. Hanger Rods shall be threaded steel. 

2.3 SEISMIC RESTRAINT COMPONENTS 

A. Manufacturers: 

1. Amber/Booth Company, Inc. 

2. B-Line Systems, Inc. 

3. California Dynamics Corp. 

4. Kinetics Noise Control, Inc. 

5. Loos & Co., Inc.; Cableware Technology Division. 

6. Mason Industries, Inc. 

7. Unistrut Diversified Products Co.; Wayne Manufacturing Division. 

8. Vibration Eliminator Co., Inc. 

9. Vibration Isolation Co., Inc. 

10. Vibration Mountings & Controls/Korfund. 

B. Rated Strength, Features, and Application Requirements for Restraint Components shall be as 

defined by an agency acceptable to authorities having jurisdiction. 

1. Structural Safety Factor:  Strength in tension, shear, and pullout force of components 

used shall be at least five (5) times the maximum seismic forces to which they will be 

subjected. 

C. Angle and Channel-Type Brace Assemblies:  Steel angles or steel slotted-support-system 

components; with accessories for attachment to braced component at one end and to building 

structure at the other end. 

D. Cable Restraints:  ASTM A 603, zinc-coated, steel wire rope attached to steel or stainless-steel 

thimbles, brackets, swivels, and bolts designed for restraining cable service. 

E. Seismic Mountings, Anchors, and Attachments:  For this application, items shall be selected to 

resist seismic forces. 

1. Hanger Rod Stiffeners shall be steel tube or steel slotted-support-system sleeves with 

internally bolted connections or reinforcing steel angle clamped to hanger rod, of design 

recognized by an agency acceptable to authorities having jurisdiction. 

2. Bushings for Floor-Mounted Equipment Anchors shall be neoprene units designed for 

seismically rated rigid equipment mountings, and matched to type and size of anchor 

bolts and studs used. 

3. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene 

elements and steel sleeves shall be designed for seismically-rated rigid equipment 

mountings, and matched to type and size of attachment devices used. 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

22 05 49 - 7  
PLUMBING SYSTEMS 

SUPPORTS, BRACING, AND 
SEISMIC RESTRAINTS  

 

 

 

F. Seismic 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:  1-piece, molded, bridge-bearing neoprene 

complying with AASHTO M 251 and having a durometer of 50, plus or minus 5. 

2.4 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 

of supported equipment. 

PART 3 - EXECUTION 

3.1 GENERAL REQUIREMENTS 

A. Comply with IBC for specific application requirements for hangers and supports for mechanical 

and plumbing equipment and systems, except if requirements in these Contract Documents are 

stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway or Pipes:  Space 

supports as required by NFPA 70.  Minimum rod size shall be 1/4 inchin diameter. 

C. Multiple Raceways or Pipes:  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; and: 

1. Secure raceways and pipes to trapeze member with clamps approved for application by 

an agency acceptable to authorities having jurisdiction. 

2. Secure raceways and pipes to these supports with two-bolt pipe clamps. 

D. Spring-steel clamps designed for supporting single pipes without bolts may be used for 1-1/2-

inchand smaller raceways, and for fastening raceways to trapeze supports. 

E. Install all supports, restraints, attachments, and other elements specified in this Section of this 

Specification in strict conformance with the written installation requirements of the 

manufacturers of each support, restraint, attachment, or other element. 

3.2 SUPPORT AND SEISMIC RESTRAINT INSTALLATION 

A. Comply with SMACNA and MSS for installation requirements, except as otherwise specified in 

this Article of this Section of this Specification. 
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B. Install seismic restraint components using methods approved by the evaluation service 

providing required submittals for component. 

C. Strength of Support and Seismic Restraint Assemblies:  Where not otherwise indicated, select 

sizes of components so that strength will be adequate to carry present and future static and 

seismic loads within specified loading limits.  Minimum static design load used for strength 

determination shall be the weight of the supported components plus 200 lb. 

D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten 

mechanical and plumbing 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. 

3. To Masonry:  Use approved toggle-type bolts on hollow masonry units and expansion 

anchor fasteners on solid masonry units. 

4. To Existing Concrete:  Fasten with expansion anchors. 

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 inchesthick or 

greater.  Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 

4 inchesthick. 

6. To Steel:  Use welded threaded studs complying with AWS D1.1/D1.1M, with lock 

washers and nuts or beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with 

MSS SP-69 or Spring-tension clamps. 

7. To Light Steel:  Use sheet metal screws. 

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount such 

devices on slotted-channel racks attached to substrate by means that meet seismic 

restraint strength and anchorage requirements. 

E. Drill holes for expansion anchors in reinforced concrete at locations and to depths that avoid 

reinforcing bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 

to support and anchor electrical materials and equipment. 

B. Field Welding:  Comply with AWS D1.1/D1.1M. 

3.4 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's 

written instructions and seismic requirements for Project. 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

22 05 49 - 9  
PLUMBING SYSTEMS 

SUPPORTS, BRACING, AND 
SEISMIC RESTRAINTS  

 

 

 

B. Construct concrete bases of dimensions indicated but not less than 4 incheslarger in both 

directions than supported unit, and such that expansion anchors will be a minimum of 10 bolt 

diameters from edge of the base; and: 

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, 

install dowel rods on 18-inchcenters around full perimeter of the base. 

2. Install epoxy-coated anchor bolts for supported equipment that extend through concrete 

base, and anchor into structural concrete floor. 

3. Place and secure anchorage devices using the equipment to be supported manufacturer's 

setting drawings, templates, diagrams, instructions, and directions furnished with items to 

be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported equipment. 

5. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

6. Use 3000-psi 28-day compressive-strength concrete, minimum.   

3.5 INSTALLATION OF SEISMIC RESTRAINT COMPONENTS 

A. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide 

resilient media between anchor bolt and mounting hole in concrete base. 

B. 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. 

C. Restraint Cables shall be installed with slack within maximum tolerance recommended by cable 

manufacturer. 

D. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at 

flanges of beams, upper truss chords of bar joists, or at concrete members. 

3.6 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Make flexible connections in runs of raceways and piping where they cross expansion and 

seismic control joints, where adjacent sections or branches are supported by different structural 

elements, and where they terminate with connection to mechanical and plumbing equipment 

that is anchored to a different structural element from the one supporting them as they approach 

equipment. 

3.7 FIELD QUALITY CONTROL TESTS 

A. Testing Agency:  Engage a qualified independent testing and inspecting agency to perform field 

tests and inspections and prepare test reports. 

B. Record test results and submit to Engineer. 

C. Test pullout resistance of seismic anchorage devices, and: 
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1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to 

authorities having jurisdiction. 

2. Schedule test with Owner and Engineer present before connecting anchorage devices to 

components to be restrained (unless post-connection testing has been approved by 

Engineer in advance).  Provide at least 7 days advance notice of scheduled test. 

3. Obtain Engineer’s concurrence before transferring test loads to structure.  Provide 

temporary load-spreading members. 

4. Test at least four of each type and size of installed anchorages and fasteners. 

5. Test anchorages and fasteners to 90 percent of rated proof load of item. 

6. If any item fails test, modify all installations of same type for project, then retest item 

until satisfactory test result is achieved.    

3.8 PAINTING AND FINISHING 

A. Refer to Section 09900 – Protective Coatings of this Specification for field painting 

requirements. 

B. Damage and Touch-Up:  Repair marred and damaged factory-painted finishes with materials 

and procedures to match original factory finish. 

3.9 CUTTING AND PATCHING 

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for 

mechanical installations.  Perform cutting by skilled mechanics of the trades involved. 

B. Repair cut surfaces to match adjacent surfaces. 

3.10 GROUTING 

A. Install non-metallic, non-shrink grout for mechanical equipment base bearing surfaces, pump 

and other equipment base plates and anchors.  Mix grout according to manufacturer's printed 

instructions. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms for placement of grout, as required. 

D. Avoid air entrapment when placing grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases to provide a smooth bearing surface for equipment. 

G. Place grout around anchors. 
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H. Cure placed grout according to manufacturer's printed instructions. 

3.11 ERECTION OF WOOD SUPPORTS AND ANCHORAGE 

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor 

mechanical materials and equipment. 

B. Select fastener sizes that will not penetrate members where opposite side will be exposed to 

view or will receive finish materials.  Make tight connections between members.  Install 

fasteners without spilling wood members. 

C. Attach to substrates as required to support applied loads. 

END OF SECTION 22 05 49 
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SECTION 22 06 00 

PLUMBING HANGERS AND SUPPORTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes hangers and supports for mechanical system piping and equipment. 

B. Related Sections include the following: 

1. Division 5 Section "Metal Fabrications" for materials for attaching hangers and supports 

to building structure. 

2. Division 21 Sections on fire-suppression piping for fire-suppression pipe hangers. 

3. Section 22 05 49 “Plumbing Systems; Supports, Bracing and Seismic Requirements”. 

4. Section 22 05 00 “Basic Mechanical Materials and Methods”. 

1.3 DEFINITIONS 

A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry. 

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and 

Supports." 

1.4 PERFORMANCE REQUIREMENTS 

A. Design channel support systems for piping to support multiple pipes capable of supporting 

combined weight of supported systems, system contents, and test water. 

B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of supporting 

combined weight of supported systems, system contents, and test water. 

C. Design seismic restraint hangers and supports for piping and equipment. 

D. Design and obtain approval from authorities having jurisdiction for seismic restraint hangers and 

supports for piping and equipment. 

1.5 SUBMITTALS 

A. Product Data:  For each type of pipe hanger, channel support system component, and thermal-

hanger shield insert indicated. 

B. Shop Drawings:  Signed and sealed by a qualified professional engineer for multiple piping 

supports and trapeze hangers.  Include design calculations and indicate size and characteristics 

of components and fabrication details. 

C. Welding Certificates:  Copies of certificates for welding procedures and operators. 

1.6 QUALITY ASSURANCE 
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A. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 

Code:  Section IX, "Welding and Brazing Qualifications." 

B. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for 

each multiple pipe support and trapeze by a qualified professional engineer. 

C. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for 

each multiple pipe support, trapeze, and seismic restraint by a qualified professional engineer. 

1. Professional Engineer Qualifications:  A professional engineer who is legally qualified to 

practice in jurisdiction where Project is located and who is experienced in providing 

engineering services of the kind indicated.  Engineering services are defined as those 

performed for installations of hangers and supports that are similar to those indicated for 

this Project in material, design, and extent. 

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. Pipe Hangers: 

a. B-Line Systems, Inc. 

b. Globe Pipe Hanger Products, Inc. 

c. Grinnell Corp. 

d. Michigan Hanger Co., Inc. 

e. National Pipe Hanger Corp. 

2. Channel Support Systems: 

a. B-Line Systems, Inc. 

b. Grinnell Corp.; Power-Strut Unit. 

c. Michigan Hanger Co., Inc.; O-Strut Div. 

d. National Pipe Hanger Corp. 

e. Unistrut Corp. 

3. Thermal-Hanger Shield Inserts: 

a. Michigan Hanger Co., Inc. 

b. Pipe Shields, Inc. 

2.2 MANUFACTURED UNITS 
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A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer 

to "Hanger and Support Applications" Article in Part 3 for where to use specific hanger and 

support types. 

1. Galvanized, Metallic Coatings:  For piping and equipment that will not have field-applied 

finish. 

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are 

in direct contact with copper tubing. 

B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly. 

1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated. 

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are 

in direct contact with copper tubing. 

C. Thermal-Hanger Shield Inserts:  100-psi minimum compressive-strength insulation, encased in 

sheet metal shield. 

1. Material for Cold Piping:  ASTM C 552, Type I cellular glass with vapor barrier. 

2. Material for Hot Piping:  ASTM C 552, Type I cellular glass. 

3. For Trapeze or Clamped System:  Insert and shield cover entire circumference of pipe. 

4. For Clevis or Band Hanger:  Insert and shield cover lower 180 degrees of pipe. 

5. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below 

ambient air temperature. 

2.3 MISCELLANEOUS MATERIALS 

A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities 

appropriate for supported loads and building materials where used. 

B. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized. 

C. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and nonmetallic, dry, 

hydraulic-cement grout. 

1. Characteristics:  Post hardening and volume adjusting;  recommended for both interior 

and exterior applications. 

2. Properties:  Nonstaining, noncorrosive, and nongaseous. 

3. Design Mix:  5000-psi, 28-day compressive strength. 

PART 3 - EXECUTION 

3.1 HANGER AND SUPPORT APPLICATIONS 

A. Specific hanger requirements are specified in Sections specifying equipment and systems. 

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in 

piping system Specification Sections. 
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C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in 

piping system Specification Sections, install the following types: 

1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or 

insulated stationary pipes, NPS 2-1/2  to NPS 30.  Provide Plastic coated hangers for hot 

piping. 

2. Adjustable Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of 

noninsulated or insulated stationary pipes, NPS 1/2 to NPS 2.  provide plastic coated 

hangers for hot piping. 

3. Adjustable Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated 

stationary pipes, NPS 1/2 to NPS 2. 

4. Adjustable Pipe Saddle Supports (MSS Type 38):  For stanchion-type support for pipes, 

NPS 2-1/2 to NPS 36, if vertical adjustment is required, with steel pipe base stanchion 

support and cast-iron floor flange. 

D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, NPS 3/4 to 

NPS 20. 

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, NPS 3/4 

to NPS 20, if longer ends are required for riser clamps. 

E. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads. 

2. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings. 

3. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of 

building attachments. 

F. Building Attachments:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend 

pipe hangers from concrete ceiling. 

2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist 

construction to attach to top flange of structural shape. 

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles. 

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams. 
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5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads 

are considerable and rod sizes are large. 

6. C-Clamps (MSS Type 23):  For structural shapes. 

7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to 

flange edge. 

8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams. 

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-

beams for heavy loads. 

10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-

beams for heavy loads, with link extensions. 

11. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to 

structural steel. 

12. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams. 

13. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required. 

14. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear 

horizontal movement where head room is limited. 

G. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types: 

1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with 

insulation that matches adjoining insulation. 

2. Protection Shields (MSS Type 40):  Of length recommended by manufacturer to prevent 

crushing insulation. 

3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe, 360-degree insert of high-

density, 100-psi minimum compressive-strength, water-repellent-treated calcium silicate 

or cellular-glass pipe insulation, same thickness as adjoining insulation with vapor barrier 

and encased in 360-degree sheet metal shield. 

3.2 HANGER AND SUPPORT INSTALLATION 

A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install 

hangers, supports, clamps, and attachments as required to properly support piping from 

building structure. 

B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and 

support together on field-assembled channel systems. 

1. Field assemble and install according to manufacturer's written instructions. 

C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal piping 

and support together on field-fabricated, heavy-duty trapezes. 
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1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or 

install intermediate supports for smaller diameter pipes as specified above for individual 

pipe hangers. 

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  

Weld steel according to AWS D-1.1. 

D. Install building attachments within concrete slabs or attach to structural steel.  Space 

attachments within maximum piping span length indicated in MSS SP-69.  Install additional 

attachments at concentrated loads, including valves, flanges, guides, strainers, and expansion 

joints, and at changes in direction of piping.  Install concrete inserts before concrete is placed; 

fasten inserts to forms and install reinforcing bars through openings at top of inserts. 

E. Install mechanical-anchor fasteners in concrete after concrete is placed and completely cured.  

Install fasteners according to manufacturer's written instructions. 

F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and 

other accessories. 

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 

systems, to permit freedom of movement between pipe anchors, and to facilitate action of 

expansion joints, expansion loops, expansion bends, and similar units. 

H. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses 

from movement will not be transmitted to connected equipment. 

I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum 

pipe deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded. 

J. Insulated Piping:  Comply with the following: 

1. Attach clamps and spacers to piping. 

a. Piping Operating above Ambient Air Temperature:  Clamp may project through 

insulation. 

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield 

insert with clamp sized to match OD of insert. 

c. Do not exceed pipe stress limits according to ASME B31.9. 

2. Install MSS SP-58, Type 39 protection saddles, if insulation without vapor barrier is 

indicated.  Fill interior voids with insulation that matches adjoining insulation. 

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier.  Shields 

shall span arc of 180 degrees. 

4. Shield Dimensions for Pipe:  Not less than the following: 

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick. 

b. NPS 4:  12 inches long and 0.06 inch thick. 
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c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick. 

d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick. 

e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick. 

5. Pipes NPS 8 and Larger:  Include wood inserts. 

6. Insert Material:  Length at least as long as protective shield. 

7. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation. 

3.3 EQUIPMENT SUPPORTS 

A. Fabricate structural-steel stands to suspend equipment from structure above or to support 

equipment above floor. 

B. Grouting:  Place grout under supports for equipment and make smooth bearing surface. 

3.4 METAL FABRICATION 

A. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes and equipment 

supports. 

B. Fit exposed connections together to form hairline joints.  Field-weld connections that cannot be 

shop-welded because of shipping size limitations. 

C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance 

and quality of welds, and methods used in correcting welding work, and with the following: 

1. Use materials and methods that minimize distortion and develop strength and corrosion 

resistance of base metals. 

2. Obtain fusion without undercut or overlap. 

3. Remove welding flux immediately. 

4. Finish welds at exposed connections so no roughness shows after finishing and contours 

of welded surfaces match adjacent contours. 

3.5 ADJUSTING 

A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve 

indicated slope of pipe. 

3.6 PAINTING 

A. Touching Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas 

immediately after erecting hangers and supports.  Use same materials as used for shop 

painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils. 

B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded 

areas of shop paint on miscellaneous metal are specified in Division 9 Section "Painting." 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 
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END OF SECTION 
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SECTION 22 07 50 

PLUMBING IDENTIFICATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following mechanical identification materials and their installation: 

1. Access panel and door markers. 

2. Pipe markers. 

3. Valve tags. 

4. Valve schedules. 

5. Warning tags. 

B. Related Sections include the following: 

1. Section 22 05 00 “Basic Mechanical Materials and Methods”. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Samples:  For color, letter style, and graphic representation required for each identification 

material and device. 

C. Valve numbering scheme. 

D. Valve Schedules:  For each piping system.  Furnish extra copies (in addition to mounted copies) 

to include in maintenance manuals. 

1.4 QUALITY ASSURANCE 

A. ASME Compliance:  Comply with ASME A13.1, "Scheme for the Identification of Piping 

Systems," for letter size, length of color field, colors, and viewing angles of identification 

devices for piping. 

1.5 COORDINATION 
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A. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied. 

B. Coordinate installation of identifying devices with location of access panels and doors. 

C. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.1 PIPING IDENTIFICATION DEVICES 

A. Manufactured Pipe Markers, General:  Preprinted, color-coded, with lettering indicating service, 

and showing direction of flow. 

1. Colors:  Comply with ASME A13.1, unless otherwise indicated. 

2. Lettering: Use piping system terms indicated and abbreviate only as necessary for each 

application length. 

3. Pipes with OD, Including Insulation, Less Than 6 Inches:  Full-band pipe markers 

extending 360 degrees around pipe at each location. 

4. Pipes with OD, Including Insulation, 6 Inches and Larger:  Either full-band or strip-type 

pipe markers at least three times letter height and of length required for label. 

5. Arrows:  Integral with piping system service lettering to accommodate both directions; or 

as separate unit on each pipe marker to indicate direction of flow. 

B. Shaped Pipe Markers:  Preformed semirigid plastic formed to partially cover circumference of 

pipe and to attach to pipe with mechanical fasteners that do not penetrate insulation vapor 

barrier. 

C. Self-Adhesive Pipe Markers:  Plastic with pressure-sensitive, permanent-type, self-adhesive 

back. 

D. Plastic Tape:  Continuously printed, vinyl tape at least 3 mils thick with pressure-sensitive, 

permanent-type, self-adhesive back. 

1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches:  3/4 inch 

minimum. 

2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches or Larger:  1-1/2 

inches minimum. 

2.2 VALVE TAGS 

A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-

inch numbers, with numbering scheme approved by Owner.  Provide 5/32-inch hole for fastener. 

1. Material:  3/32-inch- thick laminated plastic with 2 black surfaces and white inner layer. 

2. Valve-Tag Fasteners:  Brass wire-link or beaded chain; or S-hook. 
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2.3 VALVE SCHEDULES 

A. Valve Schedules:  For each piping system, on standard-size bond paper.  Tabulate valve 

number, piping system, system abbreviation (as shown on valve tag), location of valve (room or 

space), normal-operating position (open, closed, or modulating), and variations for 

identification.  Mark valves for emergency shutoff and similar special uses. 

1. Valve-Schedule Frames:  Glazed display frame for removable mounting on masonry 

walls for each page of valve schedule.  Include mounting screws. 

2. Frame:  Extruded aluminum. 

3. Glazing:  ASTM C 1036, Type I, Class 1, Glazing Quality B, 2.5-mm, single-thickness 

glass. 

2.4 WARNING TAGS 

A. Warning Tags:  Preprinted or partially preprinted, accident-prevention tags; of plasticized card 

stock with matte finish suitable for writing. 

1. Size:  3 by 5-1/4 inches minimum. 

2. Fasteners:  Brass grommet and wire. 

3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or DO NOT 

OPERATE. 

4. Color:  Yellow background with black lettering. 

PART 3 - EXECUTION 

3.1 APPLICATIONS, GENERAL 

A. Products specified are for applications referenced in other Division 22 Sections.  If more than 

single-type material, device, or label is specified for listed applications, selection is Installer's 

option. 

3.2 PIPING IDENTIFICATION 

A. Install manufactured pipe markers indicating service on each piping system.  Install with flow 

indication arrows showing direction of flow. 

1. Pipes with OD, Including Insulation, Less Than 6 Inches:  Self-adhesive pipe markers.  

Use color-coded, self-adhesive plastic tape, at least 3/4 inch wide, lapped at least 1-1/2 

inches at both ends of pipe marker, and covering full circumference of pipe. 

2. Pipes with OD, Including Insulation, 6 Inches and Larger:  Self-adhesive pipe markers.  

Use color-coded, self-adhesive plastic tape, at least 1-1/2 inches wide, lapped at least 3 

inches at both ends of pipe marker, and covering full circumference of pipe. 

B. Locate pipe markers and color bands where piping is exposed in finished spaces; machine 

rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior 

nonconcealed locations as follows: 
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1. Near each valve and control device. 

2. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  

Where flow pattern is not obvious, mark each pipe at branch. 

3. Near penetrations through walls, floors, ceilings, and nonaccessible enclosures. 

4. At access doors, manholes, and similar access points that permit view of concealed 

piping. 

5. Near major equipment items and other points of origination and termination. 

6. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in 

areas of congested piping and equipment. 

7. On piping above removable acoustical ceilings.  Omit intermediately spaced markers. 

3.3 VALVE-TAG INSTALLATION 

A. Install tags on valves and control devices in piping systems, except check valves; valves within 

factory-fabricated equipment units; plumbing fixture supply stops; shutoff valves; faucets; 

convenience and lawn-watering hose connections; and HVAC terminal devices and similar 

roughing-in connections of end-use fixtures and units.  List tagged valves in a valve schedule. 

B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and 

with captions similar to those indicated in the following: 

1. Valve-Tag Size and Shape: 

a. Cold Water:  2 inches, round. 

b. Hot Water:  2 inches, round. 

c. Gas:  2 inches, round. 

2. Valve-Tag Color: 

a. Cold Water:  Blue. 

b. Hot Water:  Blue 

c. Gas:  Green 

3. Letter Color: 

a. Cold Water:  White. 

b. Hot Water:  White. 

c. Gas: White. 

3.4 VALVE-SCHEDULE INSTALLATION 

A. Mount valve schedule on wall in accessible location in each major equipment room. 

3.5 WARNING-TAG INSTALLATION 

A. Write required message on, and attach warning tags to, equipment and other items where 

required. 

3.6 ADJUSTING 
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A. Relocate mechanical identification materials and devices that have become visually blocked by 

other work. 

3.7 CLEANING 

A. Clean faces of mechanical identification devices and glass frames of valve schedules. 

END OF SECTION 22 07 50 
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SECTION 22 08 40  

PLUMBING PIPE INSULATION 

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 includes pipe and equipment insulation. 

B. Related Sections include the following: 

 1. Section 22 05 00 “Basic Mechanical Materials and Methods”. 

1.3 DEFINITIONS 

A. Hot Surfaces:  Normal operating temperatures of 100 deg F or higher. 

B. Dual-Temperature Surfaces:  Normal operating temperatures that vary from hot to cold. 

C. Cold Surfaces:  Normal operating temperatures less than 75 deg F. 

D. Thermal Resistivity:  "r-values" represent the reciprocal of thermal conductivity (k-value).  

Thermal conductivity is the rate of heat flow through a homogenous material exactly 1 

inch thick.  Thermal resistivities are expressed by the temperature difference in degrees F 

between two exposed faces required to cause one Btu to flow through one square foot of 

material, in one hour, at a given mean temperature. 

E. Density:  Is expressed in lb/sq.ft. 

1.4 SUBMITTALS 

A. General:  Submit the following in accordance with Conditions of Contract and Division 1 

Specification Sections. 

B. Product data for each type of mechanical insulation identifying k-value, thickness, and 

accessories. 

1.5 QUALITY ASSURANCE 

A. Fire Performance Characteristics:  Conform to the following characteristics for insulation 

including facings, cements, and adhesives, when tested according to ASTM E 84, by UL 

or other testing or inspecting organization acceptable to the authority having jurisdiction.  

Label insulation with appropriate markings of testing laboratory. 

1. Interior Insulation:  Flame spread rating of 25 or less and a smoke developed rating 

of 50 or less. 

2. Exterior Insulation:  Flame spread rating of 75 or less and a smoke developed rating 

of 150 or less. 
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1.6 SEQUENCING AND SCHEDULING 

A. Schedule insulation application after testing of piping systems. 

B. Schedule insulation application after installation and testing of heat trace tape. 

 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated in 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. Glass Fiber: 

a. CertainTeed Corporation. 

b. Knauf Fiberglass GmbH. 

c. Manville. 

d. Owens-Corning Fiberglas Corporation. 

2. Flexible Elastomeric Cellular: 

a. Armstrong World Industries, Inc. 

b. IMCOA. 

c. Rubatex Corporation. 

2.2 GLASS FIBER 

A. Material:  Inorganic glass fibers, bonded with a thermosetting resin. 

B. Jacket:  All-purpose, factory-applied, laminated glass-fiber-reinforced, flame-retardant 

kraft paper and aluminum foil having self-sealing lap. 

C. Preformed Pipe Insulation:  ASTM C 547, Class 1, rigid pipe insulation, jacketed. 

1. Thermal Conductivity:  0.26 average maximum at 75 deg F mean temperature. 

2. Density:  10 average maximum. 

D. Adhesive:  Produced under the UL Classification and Follow-up service. 

1. Type:  Non-flammable, solvent-based. 

2. Service Temperature Range:  Minus 20 to 180 deg F. 

E. Vapor Barrier Coating:  Waterproof coating recommended by insulation manufacturer for 

outside service. 

2.3 FLEXIBLE ELASTOMERIC CELLULAR 

A. Material:  Flexible expanded closed-cell structure with smooth skin on both sides. 

1. Tubular Materials:  ASTM C 534, Type I. 
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2. Sheet Materials:  ASTM C 534, Type II. 

B. Thermal Conductivity:  0.30 average maximum at 75 deg F. 

C. Coating:  Water based latex enamel coating recommended by insulation manufacturer. 

2.4 ADHESIVES 

A. Flexible Elastomeric Cellular Insulation Adhesive:  Solvent-based, contact adhesive 

recommended by insulation manufacturer. 

B. Lagging Adhesive:  MIL-A-3316C, non-flammable adhesive in the following Classes and 

Grades: 

1. Class 1, Grade A for bonding glass cloth and tape to unfaced glass fiber insulation, 

sealing edges of glass fiber insulation, and bonding lagging cloth to unfaced glass 

fiber insulation. 

2. Class 2, Grade A for bonding glass fiber insulation to metal surfaces. 

2.5 ACCESSORIES AND ATTACHMENTS 

A. Glass Tape:  Woven glass fiber fabrics, plain weave, presized a minimum of 8 ounces per 

sq. yd. 

1. Tape Width:  4 inches. 

2. Tape Standard:  MIL-C-20079H, Type II. 

B. Bands:  3/4-inch wide, in one of the following materials compatible with jacket: 

1. Aluminum:  0.007 inch thick. 

2.6 SEALING COMPOUNDS 

A. Vapor Barrier Compound:  Water-based, fire-resistive composition. 

1. Water Vapor Permeance:  0.08 perm maximum. 

2. Temperature Range:  Minus 20 to 180 deg F. 

B. Weatherproof Sealant:  Flexible-elastomer-based, vapor-barrier sealant designed to seal 

metal joints. 

1. Water Vapor Permeance:  0.02 perm maximum. 

2. Temperature Range:  Minus 50 to 250 deg F. 

3. Color:  Aluminum. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Surface Preparation:  Clean, dry, and remove foreign materials such as rust, scale, and 

dirt. 

3.2 INSTALLATION, GENERAL 

A. Refer to schedules at the end of this Section for materials, forms, jackets, and 

thicknesses required for each plumbing system. 
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B. Select accessories compatible with materials suitable for the service.  Select accessories 

that do not corrode, soften, or otherwise attack the insulation or jacket in either the wet or 

dry state. 

C. Install vapor barriers on insulated pipes and equipment having surface operating 

temperatures below 60 deg F. 

D. Apply insulation material, accessories, and finishes according to the manufacturer's 

printed instructions. 

E. Install insulation with smooth, straight, and even surfaces. 

F. Seal joints and seams to maintain vapor barrier on insulation requiring a vapor barrier. 

G. Seal penetrations for hangers, supports, anchors, and other projections in insulation 

requiring a vapor barrier. 

H. Seal Ends:  Except for flexible elastomeric insulation, taper ends at 45 degree angle and 

seal with lagging adhesive.  Cut ends of flexible elastomeric cellular insulation square and 

seal with adhesive. 

I. Apply adhesives and coatings at manufacturer's recommended coverage-per-gallon rate. 

J. Keep insulation materials dry during application and finishing. 

K. Items Not Insulated:  Unless otherwise indicated do not apply insulation to the following 

systems, materials, and equipment: 

1. Flexible connectors for pipes. 

2. Vibration control devices. 

3. Testing laboratory labels and stamps. 

4. Nameplates and data plates. 

5. Access panels and doors in air distribution systems. 

6. Fire protection piping systems. 

7. Sanitary drainage and vent piping. 

8. Below grade piping. 

9. Chrome-plated pipes and fittings, except for plumbing fixtures for the disabled. 

10. Piping specialties including  unions, strainers, check valves and flow regulators. 

11. Radient floor manifolds. 

12. PEX piping. 

3.3 PIPE INSULATION INSTALLATION, GENERAL 

A. Tightly butt longitudinal seams and end joints.  Bond with adhesive. 

B. Stagger joints on double layers of insulation. 

C. Apply insulation continuously over fittings, valves, and specialties, except as otherwise 

indicated. 
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D. Apply insulation with a minimum number of joints. 

E. Apply insulation with integral jackets as follows: 

1. Pull jacket tight and smooth. 

2. Cover circumferential joints with butt strips, at least 3-inches wide, and of same 

material as insulation jacket.  Secure with adhesive and outward clinching staples 

along both edges of butt strip and space 4 inches on center. 

3. Longitudinal Seams:  Overlap seams at least 1-1/2 inches.  Apply insulation with 

longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing 

lap.  Staple laps with outward clinching staples along edge at 4 inches on center. 

4. Vapor Barrier Coatings:  Where vapor barriers are indicated, apply on seams and 

joints, over staples, and at ends butt to flanges, unions, valves, and fittings. 

5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids 

with vapor barrier coating. 

6. Repair damaged insulation jackets, except metal jackets, by applying jacket material 

around damaged jacket.  Adhere, staple, and seal.  Extend patch at least 2 inches in 

both directions beyond damaged insulation jacket and around the entire 

circumference of the pipe. 

F. Roof Penetrations:  Apply insulation for interior applications to a point even with the top of 

the roof flashing.  Seal with vapor barrier coating.  Apply insulation for exterior 

applications butted tightly to interior insulation ends.  Extend metal jacket for exterior 

insulation outside roof flashing at least 2 inches below top of roof flashing.  Seal metal 

jacket to roof flashing with vapor barrier coating. 

G. Exterior Wall Penetrations:  For penetrations of below grade exterior walls, terminate 

insulation flush with mechanical sleeve seal.  Seal terminations with vapor barrier coating. 

H. Exterior Wall Penetrations:  For penetrations of below grade exterior walls, extend metal 

jacket for exterior insulation through penetration to a point 2 inches from interior surface 

of wall inside the building.  Seal ends of metal jacket with vapor barrier coating.  Secure 

metal jacket ends with metal band.  At point where insulation metal jacket contacts 

mechanical sleeve seal, insert cellular glass preformed pipe insulation to allow sleeve 

seal tightening against metal jacket.  Tighten and seal sleeve to jacket to form a 

watertight seal. 

I. Interior Walls and Partitions Penetrations:  Apply insulation continuously through walls 

and partitions, except fire-rated walls and partitions.  

J. Fire-Rated Walls and Partitions Penetrations:  Terminate insulation at penetrations 

through fire-rated walls and partitions.  Seal insulation ends with vapor barrier coating.  
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Seal around penetration with firestopping or fire-resistant joint sealer.  

K. Floor Penetrations:  Apply insulation continuously through floors. 

L. Flanges, Fittings, and Valves - Interior Exposed and Concealed:  Coat pipe insulation 

ends with vapor barrier coating.  Apply premolded, precut, or field-fabricated segments of 

insulation around flanges, unions, valves, and fittings.  Make joints tight.  Bond with 

adhesive. 

1. Use same material and thickness as adjacent pipe insulation. 

2. Overlap nesting insulation by 2 inches or 1-pipe diameter, which ever is greater. 

3. Apply materials with adhesive, fill voids with mineral fiber insulating cement.  Secure 

with wire or tape. 

4. Insulate elbows and tees smaller than 3-inches pipe size with premolded insulation. 

5. Insulate elbows and tees 3 inches and larger with premolded insulation or insulation 

material segments.  Use at least 3 segments for each elbow. 

6. Cover insulation, except for metal jacketed insulation, with PVC fitting covers and 

seal circumferential joints with butt strips. 

7. Cover insulation, except for metal jacketed insulation, with 2 layers of lagging 

adhesive to a minimum thickness of 1/16 inch.  Install glass cloth between layers.  

Overlap adjacent insulation by 2 inches in both directions from joint with glass cloth 

and lagging adhesive. 

M. Hangers and Anchors:  Apply insulation continuously through hangers and around anchor 

attachments.  Install saddles, shields, and inserts as specified in Division 15150.   For 

cold surface piping, extend insulation on anchor legs a minimum of 12 inches and taper 

and seal insulation ends. 

1. Inserts and Shields:  Cover hanger inserts and shields with jacket material matching 

adjacent pipe insulation. 

3.4 GLASS FIBER PIPE INSULATION INSTALLATION 

A. Bond insulation to pipe with lagging adhesive. 

B. Seal exposed ends with lagging adhesive. 

C. Seal seams and joints with vapor barrier compound. 

3.5 FLEXIBLE ELASTOMERIC CELLULAR PIPE INSULATION INSTALLATION 

A. Slip insulation on the pipe before making connections wherever possible.  Seal joints with 

adhesive.  Where the slip-on technique is not possible, cut one side longitudinally and 

apply to the pipe.  Seal seams and joints with adhesive. 

B. Valves, Fittings, and Flanges:  Cut insulation segments from pipe or sheet insulation.  

Bond to valve, fitting, and flange and seal joints with adhesive. 



   

 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

22 08 40 - 7  PLUMBING PIPE INSULATION  

 

 

 

1. Miter cut materials to cover soldered elbows and tees. 

2. Fabricate sleeve fitting covers from flexible elastomeric cellular insulation for 

screwed valves, fittings, and specialties.  Miter cut materials.  Overlap adjoining pipe 

insulation. 

3.6 FINISHES 

A. Flexible Elastomeric Cellular Insulation:  After adhesive has fully cured, apply 2 coats of 

Armaflex UV protective coating to exposed insulation. 

3.7 APPLICATIONS 

A. General:  Materials and thicknesses are specified in schedules at the end of this Section. 

B. Interior, Exposed Piping Systems:  Unless otherwise indicated, insulate the following 

piping systems: 

1. Domestic cold water. 

2. Domestic hot water. 

3. Recirculated hot water. 

4. water heater flue piping 

C. Interior, Concealed Piping Systems:  Unless otherwise indicated, insulate the following 

piping systems: 

1. Domestic cold water. 

2. Domestic hot water. 

3. Recirculated hot water. 

4. water heater flue piping 

D. Exterior, Exposed Piping Systems:  Unless otherwise indicated, insulate the following 

piping systems: 

1. Domestic cold, hot and hot water recirculated water. 

3.8 PIPE INSULATION SCHEDULES 

A. General:  Abbreviations used in the following schedules include: 

1. Field-Applied Jackets:  P - PVC, K - Foil and Paper, A - Aluminum, SS - Stainless Steel. 

2. Pipe Sizes:  NPS - Nominal Pipe Size. 

3.9 PVC PIPE INSULATION IN PLENUM SPACES 

A. Insulate all PVC pipe and fittings and water heater intake and exhaust flue piping in the 

return air plenum spaces with 1" thick, 3M Fire Barrier Plenum Wrap 5A pipe insulation.  

Install per manufactures instructions.  

 

INTERIOR DOMESTIC HOT WATER AND RECIRCULATED HOT WATER 
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PIPE  THICKNESS VAPOR FIELD- 

SIZES  IN BARRIER APPLIED 

(NPS)        MATERIALS           INCHES REQ'D   JACKET  

 

1/2 TO 2 GLASS FIBER 1/2 NO NONE 

 FLEXIBLE  1/2 NO NONE 

   ELASTOMERIC 

 

INTERIOR DOMESTIC COLD WATER  

 

PIPE  THICKNESS VAPOR FIELD- 

SIZES   IN BARRIER APPLIED 

(NPS)      MATERIALS            INCHES REQ'D    JACKET  

 

1/2 TO 2 GLASS FIBER 1/2 YES NONE 

 FLEXIBLE 1/2 YES NONE 

  ELASTOMERIC 

 

END OF SECTION 
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SECTION 22 11 00 

PLUMBING VALVES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 

Supplementary 

 Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes general duty valves common to plumbing  piping systems. 

 Related Sections:  The following Sections contain requirements that relate to this 

Section: 

1. Special purpose valves are specified in Division 22 piping system Sections. 

2. Valve tags and charts are specified in Division 22 Section "Plumbing 

Identification." 

3. Section 22 05 00 “Basic Mechanical Materials and Methods”. 

1.3 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract 

and Section 22 Specification Sections. 

B. Product Data for each valve type.  Include body material, valve design, pressure and 

temperature classification, end connection details, seating materials, trim material and 

arrangement, dimensions and required clearances, and installation instructions.  

Include list indicating valve and its application. 

C. Maintenance data for valves to include in the operation and maintenance manual 

specified in Division 1.  Include detailed manufacturer's instructions on adjusting, 

servicing, disassembling, and repairing. 

1.4 QUALITY ASSURANCE 

A.  ASTM Compliance: Brass valves- ASTM B-61, ASTM B-62, and ASTM B-584. Silicon 

Brass- ASTM B-371 Alloy 694 or ASTM B-99 Alloy 651. Only valves containing 15% 

or less of zinc will be acceptable. 

B. ASME Compliance:  Comply with ASME B31.9 for building services piping and 

ASME B31.1 for power piping. 

C. ASME Compliance for Ferrous Valves: ASME B16.10 and ASME B16.34 for 

dimension and design criteria. 

D. MSS Compliance:  Comply with the various MSS Standard Practice documents 

referenced. 
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E. NSF Compliance: NSF 61 for valve materials for potable water. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Prepare valves for shipping as follows: 

1. Protect internal parts against rust and corrosion. 

2. Protect threads, flange faces, and grooves. 

3. Set ball valves open to minimize exposure of functional surfaces. 

4. Set butterfly valves closed or slightly open. 

5. Block check valves in either closed or open position. 

B. Use the following precautions during storage: 

1. Maintain valve end protection. 

2. Store indoors and maintain valve temperature higher than ambient dew-point 

temperature.  If outdoor storage is necessary, store valves off the ground in 

watertight enclosures. 

C. Use a sling to handle large valves.  Rig to avoid damage to exposed parts.  Do not 

use handwheels and stems as lifting or rigging points. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of 

the following: 

1. Ball Valves: 

a. Conbraco Industries, Inc.; Apollo Division. 

b. Hammond Valve Corporation. 

c. NIBCO Inc. 

d. Stockham Valves & Fittings, Inc. 

e. Watts 

2.2 BASIC, COMMON FEATURES 

A. Pressure and Temperature Ratings:  As indicated in the "Application Schedule" of 

Part 3 of this Section and as required to suit system pressures and temperatures. 

B. Sizes:  Same size as upstream pipe, unless otherwise indicated. 

C. Operators:  Use specified operators and handwheels, except provide the following 

special operator features: 

1. Handwheels:  For valves other than quarter turn. 

2. Lever Handles:  For quarter-turn valves 4 inches and smaller. 

3. Gear-Drive Operators:  For quarter-turn valves 6 inches and larger. 

D. Extended Stems:  Where insulation is indicated or specified, provide extended stems 
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arranged to receive insulation. 

E. Bypass and Drain Connections:  Comply with MSS SP-45 bypass and drain 

connections. 

F. Threads:  ASME B1.20.1. 

G. Flanges:  ASME B16.1 for cast iron, ASME B16.5 for steel, and ASME B16.24 for 

bronze valves. 

2.3 BALL VALVES 

A. Ball Valves, 4 Inches and Smaller:  MSS SP-110, Class 150, 600-psi CWP, 

ASTM B 584 bronze body and bonnet, 2-piece construction; stainless steel ball, full 

port; blowout proof; stainless steel stem; teflon seats and seals; threaded or soldered 

end connections: 

1. Operator: Vinyl-covered steel lever handle. 

2. Operator:  Lever operators with lock where called for on the drawings. 

3. Stem Extension:  For valves installed in insulated piping. 

4. Memory Stop:  For operator handles. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine piping system for compliance with requirements for installation tolerances 

and other conditions affecting performance of valves.  Do not proceed with installation 

until unsatisfactory conditions have been corrected. 

B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  

Remove special packing materials, such as blocks, used to prevent disc movement 

during shipping and handling. 

C. Operate valves from fully open to fully closed positions.  Examine guides and seats 

made accessible by such operation. 

D. Examine threads on valve and mating pipe for form and cleanliness. 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting 

for proper size, length, and material.  Check gasket material for proper size, material 

composition suitable for service, and freedom from defects and damage. 

F. Do not attempt to repair defective valves; replace with new valves. 

3.2 INSTALLATION 

A. Install valves as indicated, according to manufacturer's written instructions. 

B. Piping installation requirements are specified in other Division 22 Sections.  Drawings 

indicate the general arrangement of piping, fittings, and specialties. 

C. Install valves with unions or flanges at each piece of equipment arranged to allow 
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servicing, maintenance, and equipment removal without system shutdown. 

D. Locate valves for easy access and provide separate support where necessary. 

E. Install valves in horizontal piping with stem at or above the center of the pipe. 

F. Install valves in a position to allow full stem movement. 

G. For chain-wheel operators, extend chains to 60 inches above finished floor elevation. 

3.3 THREADED CONNECTIONS 

A. Note the internal length of threads in valve ends and proximity of valve internal seat or 

wall to determine how far pipe should be threaded into valve. 

B. Align threads at point of assembly. 

C. Apply appropriate tape or thread compound to the external pipe threads, except where 

dry seal threading is specified. 

D. Assemble joint, wrench tight.  Wrench on valve shall be on the valve end into which 

the pipe is being threaded. 

3.4 FLANGED CONNECTIONS 

A. Align flange surfaces parallel. 

B. Assemble joints by sequencing bolt tightening to make initial contact of flanges and 

gaskets as flat and parallel as possible.  Use suitable lubricants on bolt threads.  

Tighten bolts gradually and uniformly with a torque wrench. 

C. For dead-end service, butterfly valves require flanges both upstream and downstream 

for proper shutoff and retention. 

3.5 VALVE END SELECTION 

A. Select valves with the following ends or types of pipe/tube connections: 

1. Copper Tube Size, 2 Inches and Smaller: Threaded ends. 

2. Copper Tube Size 2-1/2 Inches and Larger: Flanged ends.  

3.6 APPLICATION SCHEDULE 

A. General Application:  Use gate, ball, and butterfly valves for shutoff duty; globe, ball, 

and butterfly for throttling duty.  Refer to piping system Specification Sections for 

specific valve applications and arrangements. 

B. Domestic Water Systems:  Use the following valve types: 

1. Ball Valves:  Class 150, 600-psi CWP, with stem extension. 

2. Check Valves:  Class 125, swing or wafer type as indicated. 

1.  

3.7 ADJUSTING 

A. Adjust or replace packing after piping systems have been tested and put into service, 

but before final adjusting and balancing.  Replace valves if leak persists. 
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SECTION 22 41 10 

WATER DISTRIBUTION PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes water distribution piping from locations indicated to fixtures and 

equipment inside building. 

B. Related Sections include the following: 

1. Division 221400 Section "Meters and Gages" for water meters, thermometers, 

pressure gages, and fittings. 

2. Division 224300 Section "Plumbing Specialties" for water distribution piping 

specialties. 

3. Section 22 05 49 “Plumbing Systems; Supports, Bracing and Seismic 

Requirements”. 

4. Section 22 05 00 “Basic Mechanical Materials and Methods”.. 

1.3 DEFINITIONS 

A. Water Service Piping:  Water piping outside building that conveys water to building. 

B. Service Entrance Piping:  Water piping at entry into building between water service piping 

and water distribution piping. 

C. Water Distribution Piping:  Water piping inside building that conveys water to fixtures and 

equipment throughout the building. 

D. The following are industry abbreviations for plastic piping materials: 

1. CPVC:  Chlorinated polyvinyl chloride. 

2. PVC:  Polyvinyl chloride. 

1.4 SYSTEM PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing piping systems with the 

following minimum working-pressure ratings, unless otherwise indicated: 

1. Water Distribution Piping:  150 psig. 

1.5 QUALITY ASSURANCE 

A. Provide listing/approval stamp, label, or other marking on piping made to specified 

standards. 

PART 2 - PRODUCTS 
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2.1 COPPER TUBE AND FITTINGS 

A. Hard Copper Tube: ASTM B 88, Type L. 

B. Wrought-Copper, Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings. 

C. Copper Unions: 

1) MSS SP-123. 

2) Cast-copper-alloy, hexagonal-stock body. 

3) Ball-and-socket, metal-to-metal seating surfaces. 

4) Solder-joint or threaded ends. 

D. Copper Pressure-Seal-Joint Fittings: 

1) Fittings for NPS 2 and Smaller: Wrought-copper fitting with EPDM-rubber, O-ring 

seal in each end. 

2) Fittings for NPS 2-1/2 to NPS 4: Cast-bronze or wrought-copper fitting with EPDM-

rubber, O-ring seal in each end. 

2.2 JOINING MATERIALS 

A. General:  Applications of the following piping joining materials are indicated in Part 3 

"Piping Applications" Article. 

B. Solder:  ASTM B 32, Alloy Sn95; lead free. 

C. Ductile-Iron, Keyed Couplings:  AWWA C606 for ductile-iron-pipe dimensions.  Include 

ferrous housing sections, gasket suitable for hot water, and bolts and nuts. 

D. Transition Couplings:  Coupling or other manufactured fitting same size as, with 

pressure rating at least equal to, and with ends compatible with piping to be joined. 

2.3 VALVES 

A. Refer to Division 221100 Section "Plumbing Valves" for general-duty valves. 

PART 3 - EXECUTION 

3.1 EXCAVATION 

A. Refer to Division 22 Section "Piping Excavation and Backfilling" for excavating, trenching, 

and backfilling. 

3.2 PIPING APPLICATIONS 

A. Transition and special fittings with pressure ratings at least equal to piping pressure rating 

may be used in applications below, unless otherwise indicated. 

B. Flanges may be used on aboveground piping, unless otherwise indicated. 

C. Aboveground, Water Distribution Piping:  Use the following: 

1. 2-1/2-Inch NPSand Smaller:  Hard copper tube, Type L; copper, solder-joint fittings; 

and soldered joints. 

3.3 VALVE APPLICATIONS 
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A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, 

the following requirements apply: 

1. Shutoff Duty:  Use ball, or butterfly valves. 

B. Grooved-end butterfly valves may be used with grooved-end piping. 

3.4 PIPING INSTALLATION, GENERAL 

A. Refer to Division 22 Section "Basic Mechanical Materials and Methods" for basic piping 

installation. 

A.  

3.5 WATER DISTRIBUTION PIPING INSTALLATION 

A. Install piping with 0.25 percent slope downward toward drain. 

3.6 JOINT CONSTRUCTION 

A. Refer to Division 22 Section "Basic Mechanical Materials and Methods" for basic piping 

joint construction. 

B. Grooved Joints:  Assemble joints with coupling, gasket, lubricant, and bolts according to 

coupling and fitting manufacturer's written instructions. 

C. Solvent-Cemented, Thermoplastic Pipe and Fitting Joints:  Handle cleaners, primers, and 

solvent cements according to ASTM F 402. 

 

3.7 VALVE INSTALLATION 

A. Sectional Valves:  Install sectional valves close to main on each branch and riser serving 

plumbing fixtures or equipment, and where indicated.  Use ball valves for piping 2-inch 

NPS and smaller.  Use butterfly valves for piping 2-1/2-inch NPS and larger. 

B. Shutoff Valves:  Install shutoff valve on each water supply to equipment, on each supply 

to plumbing fixtures without supply stops, and where indicated.  Use ball valves for piping 

2-inch NPS and smaller.  Use butterfly valves for piping 2-1/2-inch NPS and larger. 

3.8 HANGER AND SUPPORT INSTALATION 

A. Comply with requirements in Division 22 Section "Vibration and Seismic Controls for 

Plumbing Piping and Equipment" for seismic-restraint devices. 

B. Comply with requirements in Division 22 Section "Hangers and Supports for Plumbing 

Piping and Equipment" for pipe hanger and support products and installation. 

1) Vertical Piping:  MSS Type 8 or 42, clamps. 

2) Individual, Straight, Horizontal Piping Runs: 

a) 100 Feet and Less:  MSS Type 1, adjustable, steel clevis hangers. 

b) Longer Than 100 Feet:  MSS Type 43, adjustable roller hangers. 

c) Longer Than 100 Feet If Indicated:  MSS Type 49, spring cushion rolls. 
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3) Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer:  MSS Type 44, pipe 

rolls.  Support pipe rolls on trapeze. 

4) Base of Vertical Piping:  MSS Type 52, spring hangers. 

C. Support vertical piping and tubing at base and at each floor. 

D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch. 

E. Install hangers for copper tubing with the following maximum horizontal spacing and 

minimum rod diameters: 

1) NPS 3/4 and Smaller:  60 inches with 3/8-inch rod. 

F. Install supports for vertical copper tubing every 10 feet. 

G. Install hangers for PEX or PEX-AL piping every 48-inches. 

H. Install hangers for galvanized steel piping with the following maximum horizontal spacing 

and minimum rod diameters: 

1) NPS 8 to NPS 12:  12 feet with 7/8-inch rod. 

I. Install supports for vertical steel piping every 15 feet. 

J. Support piping and tubing not listed in this article according to MSS SP-69 and 

manufacturer's written instructions. 

3.9 CONNECTIONS 

A. Connect service entrance piping to exterior water service piping.  Use transition fitting to 

join dissimilar piping materials. 

B. Connect water distribution piping to service entrance piping at shutoff valve, and extend 

to and connect to the following: 

1. Plumbing Fixtures:  Connect hot- and cold-water supply piping in sizes indicated, but 

not smaller than required by plumbing code.  Refer to Division 22 Section "Plumbing 

Fixtures." 

3.10 FIELD QUALITY CONTROL 

A. Inspect water distribution piping as follows: 

B. Inspect service entrance piping and water distribution piping as follows: 

1. Do not enclose, cover, or put piping into operation until it is inspected and approved 

by authorities having jurisdiction. 

2. During installation, notify authorities having jurisdiction at least 24 hours before 

inspection must be made.  Perform tests specified below in presence of authorities 

having jurisdiction. 

A. Roughing-In Inspection:  Arrange for inspection of piping before concealing or 

closing-in after roughing-in and before setting fixtures. 

B. Final Inspection:  Arrange for final inspection by authorities having jurisdiction to 
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observe tests specified below and to ensure compliance with requirements. 

3. Reinspection:  If authorities having jurisdiction find that piping will not pass test or 

inspection, make required corrections and arrange for reinspection. 

4. Reports:  Prepare inspection reports and have them signed by authorities having 

jurisdiction. 

C. Test service entrance piping and water distribution piping as follows: 

1. Test for leaks and defects in new piping and parts of existing piping that have been 

altered, extended, or repaired.  If testing is performed in segments, submit separate 

report for each test, complete with diagram of portion of piping tested. 

2. Leave uncovered and unconcealed new, altered, extended, or replaced water piping 

until it has been tested and approved.  Expose work that has been covered or 

concealed before it has been tested and approved. 

3. Cap and subject piping to static water pressure of 150 psig.  Isolate test source and 

allow to stand for 4 hours.  Leaks and loss in test pressure constitute defects that 

must be repaired. 

4. Repair leaks and defects with new materials and retest piping or portion thereof until 

satisfactory results are obtained. 

5. Prepare reports for tests and required corrective action. 

3.11 CLEANING 

A. Clean and disinfect service entrance piping and water distribution piping as follows: 

1. Purge new piping and parts of existing water piping that have been altered, 

extended, or repaired before using. 

2. Use purging and disinfecting procedure prescribed by authorities having jurisdiction 

or, if method is not prescribed, procedure described in either AWWA C651 or 

AWWA C652 or as described below: 

A. Flush piping system with clean, potable water until dirty water does not 

appear at outlets. 

B. Fill and isolate system according to either of the following: 

1) Fill system or part thereof with water/chlorine solution with at least 

50 ppm of chlorine.  Isolate with valves and allow to stand for 24 

hours. 

2) Fill system or part thereof with water/chlorine solution with at least 

200 ppm of chlorine.  Isolate and allow to stand for 3 hours. 

C. Flush system with clean, potable water until chlorine is no longer in water 

coming from system after the standing time. 
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D. Submit water samples in sterile bottles to authorities having jurisdiction.  

Repeat procedure if biological examination shows contamination. 

B. Prepare and submit reports for purging and disinfecting activities. 

C. Clean interior of piping system.  Remove dirt and debris as work progresses. 

3.12 COMMISSIONING 

A. Fill water piping.  Check components to determine that they are not air bound and that 

piping is full of water. 

B. Perform the following steps before putting into operation: 

1. Close drain valves, hydrants, and hose bibbs. 

2. Open shutoff valves to fully open position. 

3. Set ballancing valves to proper setting. 

4. Remove plugs used during testing of piping and plugs used for temporary sealing of 

piping during installation. 

5. Remove and clean strainer screens.  Close drain valves and replace drain plugs. 

6. Remove filter cartridges from housings and verify that cartridges are as specified for 

application where used and that cartridges are clean and ready for use. 

C. Check plumbing equipment and verify proper settings, adjustments, and operation.  Do 

not operate water heaters before filling with water. 

D. Check plumbing specialties and verify proper settings, adjustments, and operation. 

1. Water-Pressure Regulators:  Set outlet pressure at 80 psig maximum, unless 

otherwise indicated. 

E. Energize pumps and verify proper operation. 

END OF SECTION 
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SECTION 22 43 00 

PLUMBING SPECIALTIES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes plumbing specialties for the following: 

1. Water distribution systems. 

2. Soil, waste, and vent systems. 

B. Related Sections include the following: 

1. Division 220500  Section "Basic Mechanical Materials and Methods"  

2. Section 22 05 49 “Plumbing Systems; Supports, Bracing and Seismic 

Requirements”. 

3. Division 221100 Section "Valves" for general-duty ball, butterfly, check, gate, and 

globe valves. 

4. Division 221400  Section "Meters and Gages" for thermometers, pressure gages, 

fittings, and water meters. 

5. Division 224110 Section "Water Distribution Piping" for water-supply piping and 

connections. 

6. Division 224200 Section "Drainage and Vent Piping" for drainage and vent piping 

and connections. 

1.3 SYSTEM PERFORMANCE REQUIREMENTS 

A. Provide components and installation capable of producing piping systems with following 

minimum working-pressure ratings, unless otherwise indicated: 

1. Water Distribution Piping:  150 psig 

2. Soil, Waste, and Vent Piping:  10-foot head of water 

1.4 SUBMITTALS 

A. Product Data:  For each plumbing specialty indicated.  Include rated capacities of 

selected equipment and shipping, installed, and operating weights.  Indicate materials, 

finishes, dimensions, required clearances, and methods of assembly of components; and 

piping and wiring connections for the following plumbing specialty products: 

1. Thermostatic water mixing valves and water tempering valves. 

2. Water hammer arresters. 
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3. Cleanouts. 

4. Floor drains, open receptors, and trench drains. 

B. Reports:  Specified in "Field Quality Control" Article. 

C. Maintenance Data:  For specialties to include in the maintenance manuals specified in 

Division 1.  Include the following: 

1. Thermostatic water mixing valves and water tempering valves. 

1.5 QUALITY ASSURANCE 

A. Product Options:  Drawings indicate size, profiles, dimensional requirements, and 

characteristics of plumbing specialties and are based on the specific types and models 

indicated.  Other manufacturers' products with equal performance characteristics may be 

considered.  Refer to Division 1 Section "Substitutions." 

B. Provide listing/approval stamp, label, or other marking on plumbing specialties made to 

specified standards. 

C. Listing and Labeling:  Provide electrically operated plumbing specialties specified in this 

Section that are listed and labeled. 

1. Terms "Listed" and "Labeled":  As defined in National Electrical Code, Article 100. 

D. Comply with ASME B31.9, "Building Services Piping," for materials, products, and 

installation. 

E. Comply with NFPA 70, "National Electrical Code," for electrical components. 

F. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic 

potable-water piping components.  Include marking "NSF-pw" on plastic potable-water 

piping and "NSF-dwv" on plastic drain, waste, and vent piping. 

1.6 EXTRA MATERIALS 

A. Deliver extra materials to Owner.  Furnish extra materials described below that match 

products installed, are packaged with protective covering for storage, and are identified 

with labels describing contents. 

1. Water Filter Cartridges:  Furnish quantity not less than 100 percent of amount of 

each type and size installed. 

2. Operating Key Handles:  Furnish one extra key for each key-operated hose bibb and 

hydrant installed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1.  
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2. Water Hammer Arresters: 

a. Precision Plumbing Products, Inc. 

b. Sioux Chief Manufacturing Co., Inc. 

c. Watts Industries, Inc.; Water Products Div. 

3.  

10. Trap Primers: 

a. PPP Industries. 

b. Watts Industries, Inc.; Water Products Div. 

c. Sioux Chief 

2.2 TRAP PRIMERS 

A. Install trap seal primers on all floor drains.  Trap seal primers shall be equal to PPP model 

PR-500 or equal.  

2.3  

2.4  

2.5  

2.6 CLEANOUTS 

A. Cleanout Plugs:  Cast bronze or brass, threads complying with ANSI B2.1; countersunk 

type. 

B. Floor Cleanouts: Cast iron body and frame; cleanout plug; adjustable nickel-bronze top, 

flush type, standard non-slip scored or abrasive finish similar to J. R. Smith 4108C. 

C. Wall Cleanouts:  Cast iron body adaptable to pipe with cast bronze or brass cleanout 

plug; stainless steel cover including screw similar to J. R. Smith 4532S. 

D. Sanitary soil and waste system:  Install cleanouts to floor in all underground piping where 

shown on the drawings and in the vertical riser at the base of the stack a minimum of 

three (3) feet above the floor. 

E. Cleanouts shall be of the same nominal size as the pipes up to 6 inches and not less than 

6 inches for larger piping. 

F. Cleanouts on concealed piping shall be extended through and terminate flush with the 

finished wall or floor. 

2.7  FLOOR DRAINS 

A. Install trap seal primers on all floor drains.  Trap seal primers shall be equal to PPP model 

PR-500.  

B. FD-1 Floor drain shall be equal to J. R. Smith 2005-A-NB cast iron floor drain with flange, 

integral clamping collar and adjustable nickel brass standard strainer, inside caulk outlet.  

Strainer size to be 5" for 2" outlet, 6" for 3" outlet and 8" for 4" outlet.  Install in finished 
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room areas.  Provide a deep seal P-trap under each drain. 

2.8  

2.9 SHOCK ABSORBERS 

A. Furnish and install where indicated on the drawings, Sioux Chief or equivalent Series 650 

Dual ‘O’ Ring Piston, Copper Chamber, Shock Absorbers according to the following 

schedule. 

Shock Absorber Designation     Sioux Chief No. 

   “A”     652-AS 

   "B"     653-BS 

   "C"     654-CS 

   "D"     655-DS 

   "E"     656-ES 

   "F"     657-FS 

 

B. Install the shock absorbers in the piping between the manual shut-off valve and the 

connection to the equipment noted on the drawings. 

C. Contractor shall be responsible for final sizing of shock absorbers if field installation 

differs from documents. 

D. Shock Absorbers must meet PDI-WH-201 standards. 

E. Only Dual ‘O’ Ring Piston, Copper Chamber style shock absorbers will be accepted. 

PART 3 - EXECUTION 

3.1 PLUMBING SPECIALTY INSTALLATION 

A. General:  Install plumbing specialty components, connections, and devices according to 

manufacturer's written instructions. 

 

B. Install trap seal primer valves with valve outlet piping pitched down toward drain trap a 

minimum of one percent and connect to floor-drain body, trap, or inlet fitting.  Adjust valve 

for proper flow. 

C. Install cleanouts in aboveground piping and building drain piping as indicated, and where 

not indicated, according to the following: 

1. Size same as drainage piping up to 64-inch NPS.  Use 6-inch NPS for larger 

drainage piping unless larger cleanout is indicated. 

2. Locate at each change in direction of piping greater than 45 degrees. 

3. Locate at minimum intervals of 50 feet for piping 4-inch NPS and smaller and 100 

feet for larger piping. 
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4. Locate at base of each vertical soil, storm water and waste stack. 

D. Install cleanout wall access covers, of types indicated, with frame and cover flush with 

finished wall, for cleanouts located in concealed piping. 

E. Set floor drains below elevation of surrounding finished floor to allow floor drainage.  Set 

with grates depressed according to the following drainage area radii: 

1. Radius, 30 Inches or Less:  Equivalent to 1 percent slope, but not less than 1/4-inch 

total depression. 

F. Install individual traps for floor drains connected to sanitary building drain, unless 

otherwise indicated. 

G. Install floor-drain flashing collar or flange so no leakage occurs between drain and 

adjoining flooring.  Maintain integrity of waterproof membranes where penetrated. 

H. Position floor drains for easy access and maintenance. 

I. Fasten wall-hanging plumbing specialties securely to supports attached to building 

substrate if supports are specified and to building wall construction if no support is 

indicated. 

J. Fasten recessed, wall-mounting plumbing specialties to reinforcement built into walls. 

K. Secure supplies to supports or substrate. 

L. Install individual stop valve in each water supply to plumbing specialties.  Use ball, gate, 

or globe valve if specific valve is not indicated. 

M. Install water-supply stop valves in accessible locations. 

N. Install traps on plumbing specialty drain outlets.  Omit traps on indirect wastes unless trap 

is indicated. 

O. Locate drainage piping as close as possible to bottom of floor slab supporting fixtures and 

drains. 

P. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations 

and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal 

protruding pipe fittings. 

 

Q. Include wood-blocking reinforcement for recessed and wall-mounting plumbing 

specialties. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings 

indicate general arrangement of piping, fittings, and specialties.  The following are specific 

connection requirements: 

1. Install piping connections between plumbing specialties and piping specified in other 
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Division 22 Sections. 

2. Install piping connections indicated between appliances and equipment specified in 

other Sections; connect directly to plumbing piping systems. 

3. Install piping connections indicated as indirect wastes from appliances and 

equipment specified in other Sections, to spill over receptors connected to plumbing 

piping systems. 

B. Install hoses between plumbing specialties and appliances as required for connections. 

C. Arrange for electric-power connections to plumbing specialties and devices that require 

power.  Electric power is specified in Division 16 Sections. 

D. Supply Runouts to Plumbing Specialties:  Install hot- and cold-water-supply piping of 

sizes indicated, but not smaller than required by authorities having jurisdiction. 

E. Drainage Runouts to Plumbing Specialties:  Install drainage and vent piping, with 

approved trap, of sizes indicated, but not smaller than required by authorities having 

jurisdiction. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Provide services of factory-authorized service 

representative to supervise the field assembly of components and installation of grease 

recovery units, including piping and electrical connections, and to report results in writing. 

1. Test and adjust plumbing specialty controls and safeties.  Replace damaged and 

malfunctioning controls and components. 

3.4 COMMISSIONING 

A. Before startup, perform the following checks: 

1. System tests are complete. 

2. Damaged and defective specialties and accessories have been replaced or 

repaired. 

3. Clear space is provided for servicing specialties. 

B. Before operating systems, perform the following steps: 

1. Close drain valves, hydrants, and hose bibbs. 

2. Open general-duty valves to fully open position. 

3. Remove and clean strainers. 

4. Verify that drainage and vent piping are clear of obstructions.  Flush with water until 

clear. 

C. Startup Procedures:  Follow manufacturer's written instructions.  If no procedures are 

prescribed by manufacturer, proceed as follows: 

1. Energize circuits for electrically operated units.  Start and run units through complete 
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sequence of operations. 

D. Adjust operation and correct deficiencies discovered during commissioning. 

3.5 DEMONSTRATION 

A. Startup Services:  Engage a factory-authorized service representative to perform startup 

services and train Owner's maintenance personnel as specified below: 

1. Train Owner's maintenance personnel on procedures and schedules related to 

startup of and servicing interceptors. 

2. Review data in the maintenance manuals.  Refer to Division 1 Section "Contract 

Closeout." 

3. Review data in the maintenance manuals.  Refer to Division 1 Section "Operation 

and Maintenance Data." 

4. Schedule training with Owner with at least 7 days' advance notice. 

3.6 PROTECTION 

A. Protect drains during remainder of construction period to avoid clogging with dirt and 

debris and to prevent damage from traffic and construction work. 

B. Place plugs in ends of uncompleted piping at end of each day or when work stops. 

END OF SECTION 
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SECTION 22 44 00 

PLUMBING FIXTURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes plumbing fixtures and trim, faucets, other fittings, and related 

components. 

B. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 7 Section "Joint Sealants" for sealing between fixtures and walls, floors, and 

counters. 

2. Division 22 Section "Plumbing Valves" for general-duty valves used as supply stops. 

3. Section 22 05 49 “Plumbing Systems; Supports, Bracing and Seismic Requirements”. 

4. Section 22 05 00 “Basic Mechanical Materials and Methods”. 

1.3 DEFINITIONS 

A. Accessible:  Plumbing fixture, building, facility, or portion thereof that can be approached, 

entered, and used by physically handicapped, disabled, and elderly people. 

B. Fitting:  Device that controls flow of water into or out of plumbing fixture.  Fittings 

specified in this Section include supplies and stops, faucets and spouts, shower heads 

and tub spouts, drains and tailpieces, traps and waste pipes.  Pipe fittings, tube fittings, 

and general-duty valves are included where indicated. 

1.4 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 

Division 1 Specification Sections. 

B. Product Data for each plumbing fixture category and type specified.  Include selected 

fixture, trim, fittings, accessories, appliances, appurtenances, equipment, and supports.  

Indicate materials and finishes, dimensions, construction details, and flow-control rates. 

C. Maintenance data for plumbing fixtures and components to include in the operation and 

maintenance manuals specified in Division 1. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain plumbing fixtures, faucets, and other components of each 

category from one source and by a single manufacturer. 

1. Exception:  Where fixtures, faucets, or other components are not available from a 

single manufacturer, obtain similar products from other manufacturers specified for 



   

 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

22 44 00 - 2  PLUMBING FIXTURES  

 

 

 

this category. 

B. Energy Policy Act Requirements:  Comply with requirements of Public Law 102-486, 

"Energy Policy Act," regarding water flow rate and water consumption of plumbing 

fixtures. 

C. Listing and Labeling:  Provide electrically operated fixtures and components specified in 

this Section that are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 

Article 100. 

D. Select combinations of fixtures and trim, faucets, fittings, and other components that are 

compatible. 

E. Product Options:  Drawings indicate size, profiles, dimensional requirements, and 

characteristics of plumbing fixtures and are based on specific types and models 

indicated.  Other manufacturers' fixtures with equal performance characteristics may be 

considered.  Refer to Division 1 Section "Substitutions." 

F. Comply with the following applicable standards and other requirements specified for 

plumbing fixtures: 

1. Plastic Mop-Service Basins:  ANSI Z124.6. 

2. Plastic Shower Enclosures:  ANSI Z124.2. 

3. Slip-Resistant Bathing Surfaces:  ASTM F 462. 

4. Vitreous-China Fixtures:  ASME A112.19.2M. 

5. Water-Closet, Flushometer Tank Trim:  ASSE 1037. 

G. Comply with the following applicable standards and other requirements specified for 

lavatory and sink faucets: 

1. Backflow Protection Devices for Faucets with Hose-Thread Outlet:  

ASME A112.18.3M. 

2. Diverter Valves for Faucets with Hose Spray:  ASSE 1025. 

3. Faucet Hose:  ASTM D 3901. 

4. Faucets:  ASME A112.18.1M. 

5. Hose-Connection Vacuum Breakers:  ASSE 1011. 

6. Hose-Coupling Threads:  ASME B1.20.7. 

7. Integral, Atmospheric Vacuum Breakers:  ASSE 1001. 

8. NSF Materials:  NSF 61. 

9. Pipe Threads:  ASME B1.20.1. 

10. Sensor-Actuated Faucets and Electrical Devices:  UL 1951. 
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11. Supply and Drain Fittings:  ASME A112.18.1M. 

H. Comply with the following applicable standards and other requirements specified for 

shower faucets: 

1. Backflow Protection Devices for Hand-Held Showers:  ASME A112.18.3M. 

2. Combination, Pressure-Equalizing and Thermostatic-Control Antiscald Faucets:  

ASSE 1016. 

3. Faucets:  ASME A112.18.1M. 

4. Hand-Held Showers:  ASSE 1014. 

5. High-Temperature-Limit Controls for Thermal-Shock-Preventing Devices:  

ASTM F 445. 

6. Hose-Coupling Threads:  ASME B1.20.7. 

7. Manual-Control Antiscald Faucets:  ASTM F 444. 

8. Pipe Threads:  ASME B1.20.1. 

9. Pressure-Equalizing-Control Antiscald Faucets:  ASTM F 444 and ASSE 1016. 

10. Sensor-Actuated Faucets and Electrical Devices:  UL 1951. 

11. Thermostatic-Control Antiscald Faucets:  ASTM F 444 and ASSE 1016. 

I. Comply with the following applicable standards and other requirements specified for 

miscellaneous fittings: 

1. Atmospheric Vacuum Breakers:  ASSE 1001. 

2. Brass and Copper Supplies:  ASME A112.18.1M. 

3. Manual-Operation Flushometers:  ASSE 1037. 

4. Plastic Tubular Fittings and Piping:  ASTM F 409. 

5. Sensor-Operation Flushometers:  ASSE 1037 and UL 1951. 

6. Tubular Brass Drainage Fittings and Piping:  ASME A112.18.1M. 

J. Comply with the following applicable standards and other requirements specified for 

miscellaneous components: 

1. Floor Drains:  ASME A112.21.1M. 

2. Grab Bars:  ASTM F 446. 

3. Hose-Coupling Threads:  ASME B1.20.7. 

4. Off-Floor Fixture Supports:  ASME A112.6.1M. 

5. Pipe Threads:  ASME B1.20.1. 

6. Plastic Shower Receptors:  ANSI Z124.2. 

7. Plastic Toilet Seats:  ANSI Z124.5. 
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8. Supply and Drain Protective Shielding Guards:  ICC A117.1. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver plumbing fixtures in manufacturer's protective packing, crating, and covering. 

B. Store plumbing fixtures on elevated platforms in dry location. 

1.7 PROJECT CONDITIONS 

A. Field Measurements:  Coordinate roughing-in and final fixture locations and verify that 

plumbing fixtures can be installed to comply with original design and referenced 

standards. 

1.8 EXTRA MATERIALS 

A. Deliver extra materials to Owner.  Furnish extra materials described below that match 

products installed, are packaged with protective covering for storage, and are identified 

with labels describing contents. 

1. Faucet Washers and O-Rings:  Furnish quantity of identical units not less than 10 

percent of each type and size installed. 

2. Supply, Flow-Control Fittings:  Furnish quantity of identical units not less than 5 

percent of each type and size installed. 

 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

 

1. For fixture descriptions in other Part 2 articles where the subparagraph titles 

"Product" and "Manufacturers" introduce a list of manufacturers and their 

products or manufacturers only, the following requirements apply for product 

selection: 

a. Products:  Subject to compliance with requirements, provide one of the 

products specified in other Part 2 articles. 

2.2 PLUMBING FIXTURES AND TRIM 

A. Faucets: Include hot- and cold-water indicators; coordinate faucet inlets with supplies and 

fixture holes and outlet with spout and fixture receptor. 

1. Products: 

a. Chicago Faucet 

b. American Standard 
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c. Kohler 

B. Shower Valves and Trim: Include hot- and cold-water indicators; furnish with integral 

check stops. 

1. Manufacturers: 

a. Symmons 

b. Moen 

2. Performance: See schedule on drawings. 

C. Toilet Seat: Solid plastic. 

1. Manufacturers: 

a. Church 

b. Bemis Manufacturing Co. 

D. Protective Shielding Guard: Manufactured, plastic covering for hot and cold-water 

supplies and trap and drain piping and complying with ADA requirements. 

1. Manufacturers: 

a. Trubro, Inc. 

b. Plumberex Specialty Products 

c. McGuire Manufacturing Co., Inc. 

E. Lavatory Support: Type I, lavatory carrier with exposed arms and tie rods Type II, 

lavatory carrier with concealed arms and tie rod Type III, lavatory carrier with hanger 

plate and tie rod.  Include steel uprights with feet. 

1. Manufacturers: 

a. Jay R. Smith Mfg. Co. 

b. Zurn 

c. Watts Industries, Inc. 

2. Accessible Fixture Support:  Include rectangular steel uprights. 

F. Water Closets:  Floor Mount bottom outlet, vitreous-china fixture designed for flushometer 

or tank valve operation. 

1. Products: 

a. American Standard, Inc. 

b. Kohler Co. 

c. TOTO, Inc. 

G. Lavatories: Wallhung, drop in, undermount, vitreous-china fixture. 

1. Products: 
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a. American Standard, Inc. 

b. Kohler Co. 

c. TOTO, Inc. 

H. Stainless Steel Sinks: Residential, under-mount, counter-mount, stainless-steel fixture. 

1. Products: 

a. Elkay Manufacturing Co. 

b. Just Manufacturing Co. 

c. Acorn 

2.3 FITTINGS 

A. Fittings for Plumbing Fixtures:  Refer to plumbing fixture schedules at the end of this 

Section for materials for supplies, supply stops, supply risers, traps, and other fittings. 

B. Fittings for Equipment Specified in Other Sections:  Fittings include the following: 

1. Supply Inlets:  Brass pipe or copper tube, size required for final connection. 

  2. Supply Stops:  Chrome-plated brass, angle or straight; compression, loose-key 

type; same size as supply inlet and with outlet matching supply riser. 

3. Supply Risers:  3/8-inch NPS flexible copper tube with knob end.  Use chrome-

plated tube for exposed applications. 

4. Traps:  Cast brass with slip-joint inlet, cleanout pipe nipple to wall, wall flange, 

escutcheons, and size to match equipment.  Use chrome-plated tube for exposed 

applications. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for potable, hot- and cold-water supply piping systems; soil, waste, and 

vent piping systems; and supports.  Verify that locations and sizes of piping and locations 

and types of supports match those indicated, before installing and connecting fixtures.  Use 

manufacturer's roughing-in data when roughing-in data are not indicated. 

B. Examine walls, floors, and cabinets for suitable conditions where fixtures are to be installed. 

C. Do not proceed until unsatisfactory conditions have been corrected. 

3.2 APPLICATIONS 

A. Include supports for plumbing fixtures according to the following: 

1. Chair Carriers:  For wall-hanging lavatories, sinks, drinking fountains, and electric 

water coolers.  Carriers shall be equal to J. R. Smith 0635, 0700, 0830 & 0913  Pro-
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Set carriers. 

B. Include fitting insulation kits for accessible fixtures according to the following: 

1. Lavatories:  Cover hot- and cold-water supplies, stops and handles, drain, trap, and 

waste to wall. 

2. Sinks:  Cover hot- and cold-water supplies, stops and handles, drain, trap, and waste 

to wall. 

3. Fixtures with Offset Drain:  Cover hot- and cold-water supplies, offset drain, trap, and 

waste to wall. 

4. Other Fixtures:  Cover exposed fittings below fixture. 

3.3 PLUMBING FIXTURE INSTALLATION 

A. Assemble plumbing fixtures and trim, fittings, faucets, and other components according to 

manufacturers' written instructions. 

B. Install fixtures level and plumb according to manufacturers' written instructions, roughing-in 

drawings, and referenced standards. 

C. Install wall-hanging, back-outlet water closets with support manufacturer's tiling frame or 

setting gage. 

D. Install toilet seats on water closets. 

E. Fasten recessed, wall-mounted fittings to reinforcement built into walls. 

F. Fasten wall-mounted fittings to reinforcement built into walls. 

G. Fasten counter-mounting plumbing fixtures to casework. 

H. Secure supplies to supports or substrate within pipe space behind fixture. 

I. Install individual stop valve in each water supply to fixture. 

1. Exception:  Omit stop valves on supplies to emergency equipment, except when 

permitted by authorities having jurisdiction.  When permitted, install valve chained and 

locked in OPEN position. 

J. Install water-supply stop valves in accessible locations. 

K. Install faucet, laminar-flow fittings with specified flow rates and patterns in faucet spouts 

when faucets are not available with required rates and patterns.  Include adapters when 

required. 

L. Install traps on fixture outlets.  Omit traps on fixtures having integral traps.  Omit traps on 

indirect wastes, except where otherwise indicated. 

M. Install escutcheons at wall, floor, and ceiling penetrations in exposed, finished locations and 

within cabinets and millwork.  Use deep-pattern escutcheons where required to conceal 

protruding pipe fittings. 

N. Seal joints between fixtures and walls, floors, and counters using sanitary-type, 1-part, 
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mildew-resistant, silicone sealant according to sealing requirements specified in Division 7 

Section "Joint Sealants."  Match sealant color to fixture color. 

Q. Provide on all lavatories and sinks where hot water supplies a faucet a Symmons Series 7-

210-CK Maxline, thermostatic mixing valve.  Mixing valve shall supply tempered water to the 

hot water inlet side of each faucet.  Set outlet temperature at 105 degrees Fahrenheit.  

Similar valves by Watts shall be acceptable.  

R. Set high limit temperature on all shower valves to 105 degrees Fahrenheit. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings 

indicate general arrangement of piping, fittings, and specialties.  The following are specific 

connection requirements: 

1. Install piping connections between plumbing fixtures and piping systems and 

plumbing equipment specified in other Division 22 Sections. 

B. Supply and Waste Connections to Plumbing Fixtures:  Refer to plumbing fixture schedules at 

the end of this Section for fitting sizes and connection requirements for each plumbing 

fixture. 

C. Supply and Waste Connections to Equipment Specified in Other Sections:  Connect 

equipment with supply inlets, supply stops, supply risers, and traps specified in this Section.  

Use fitting sizes required to match connected equipment.  Connect fittings to plumbing 

piping. 

D. Ground equipment. 

1. Tighten electrical connectors and terminals according to manufacturer's published 

torque-tightening values.  Where manufacturer's torque values are not indicated, use 

those specified in UL 486A and UL 486B. 

3.5 FIELD QUALITY CONTROL 

A. Verify that installed fixtures are categories and types specified for locations where installed. 

B. Check that fixtures are complete with trim, faucets, fittings, and other specified components. 

C. Inspect installed fixtures for damage.  Replace damaged fixtures and components. 

D. Test installed fixtures after water systems are pressurized and demonstrate proper 

operation.  Replace malfunctioning fixtures and components, then retest.  Repeat procedure 

until units operate properly. 

3.6 ADJUSTING AND CLEANING 

A. Operate and adjust faucets and controls.  Replace damaged and malfunctioning fixtures, 

fittings, and controls. 

B. Operate and adjust disposers, hot-water dispensers, and controls.  Replace damaged and 
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malfunctioning units and controls. 

C. Adjust water pressure at Flushometer valves having controls, to produce proper flow and 

stream. 

D. Replace washers and seals of leaking and dripping faucets and stops. 

E. Clean fixtures, faucets, and other fittings with manufacturers' recommended cleaning 

methods and materials.  Include the following: 

1. Remove faucet spouts and strainers, remove sediment and debris, and reinstall 

strainers and spouts. 

2. Remove sediment and debris from drains. 

3.7 PROTECTION 

A. Provide protective covering for installed fixtures and fittings. 

B. Do not allow use of fixtures for temporary facilities, except when approved in writing by 

Owner. 

PART 4 - PLUMBING FIXTURE SCHEDULE 

A. See fixture schedule on drawing. 

END OF SECTION 
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SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Electrical equipment coordination and installation. 

2. Sleeves for raceways and cables. 

3. Sleeve seals. 

4. Common electrical installation requirements. 

5. Excavation and Backfill. 

6. Fire Stopping. 

7. Utility Service. 

1.3 DEFINITIONS 

A. ATS:  Acceptance Testing Specifications. 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

C. NBR:  Acrylonitrile-butadiene rubber. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1.5 QUALITY ASSURANCE 

A. Test Equipment Suitability and Calibration:  Comply with NETA ATS, "Suitability of Test 

Equipment" and "Test Instrument Calibration." 

1.6 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 
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1. To allow maximum possible headroom unless specific mounting heights that reduce 

headroom are indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 

installations. 

3. To allow right of way for piping and conduit installed at required slope. 

4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 

masonry walls, and other structural components as they are constructed. 

C. Coordinate location of access panels and doors for electrical items that are behind finished 

surfaces or otherwise concealed.   

D. Coordinate electrical testing of electrical, mechanical, and architectural items, so equipment and 

systems that are functionally interdependent are tested to demonstrate successful 

interoperability. 

1.7 SUBSTITUTIONS 

A. Notwithstanding any reference in the specifications to any article, device, product, material, 

form or type of construction by name, or make, or catalog number, such references shall be 

interpreted as establishing a standard of quality and shall not be construed as limiting competi-

tion; and the Contractor in such cases may, at his option, use any article, device, product, 

material, fixture, form or type of construction which in the judgement of the Engineer, 

expressed in writing, is equal to that specified. 

B. Any materials or products other than those specified shall be submitted in writing to the 

Engineer for approval at least 10 days prior to the submission of bids.  Materials and products 

so approved will be so stated by addendum. 

C. No substitute equipment will be considered unless sufficient data is submitted with the request 

to allow adequate comparison with the specified equipment. 

D. The Engineer reserves the right to reject any or all substitute equipment, if, in his opinion, said 

equipment is not of equal quality, capacity or like design.  In all cases, the decision of the 

Engineer shall be final. 

E. This Contractor, at his option, may submit any item of material or equipment in a separate letter 

listing volunteer alternatives.  An add or deduct price shall be indicated for each volunteer 

alternate submitted.  Sufficient data shall accompany each volunteer alternate submitted to 

allow adequate comparison with the specified equipment.  The Contractor shall pay all costs 

associated with reviewing proposed substitute material or equipment. 

F. This Contractor shall pay all costs arising from the use of substitute equipment or material.  

Such costs shall include but shall not be limited to architectural design costs, mechanical, 
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electrical, plumbing, fire protection, civil & structural engineering costs & cost to other trades 

to accommodate the substitute equipment. 

1.8 SHOP DRAWINGS 

A. This Contractor shall submit for the Engineer's review a list of all equipment and subcontractors 

he proposes to use.  This list shall be submitted within thirty (30) days after signing of contracts 

or receiving "Letter of Intent".  The engineer will review and comment on this list prior to 

submission of shop drawings. 

B. After the Contractor has received the comments from the engineer concerning the list of 

equipment and subcontractors, this Contractor shall submit 8 copies of complete shop drawings 

or manufacturer data sheets, certification and descriptive literature for ALL material and 

equipment furnished on this project. 

C. Shop drawings, manufacturer data sheets and descriptive literature shall include parts lists, 

operating and maintenance manuals, etc. 

D. The Contractor shall review each shop drawing etc. before submitting to the engineer to 

determine that it is acceptable in terms of the means, methods, techniques, sequences, and 

operations of construction, safety precautions and programs incidental there to, all of which are 

the contractor's responsibility. 

E. The engineer shall review each shop drawing, etc. for its conformity with design intent and 

compliance with information given in the construction documents. 

F. The Contractor shall bring to the engineers attention any shop drawing, etc. that varies from the 

contract documents requirements. 

G. The Contractor shall pay for the review of all shop drawings, etc. that varies from the 

requirements of the contract documents. 

H. Shop drawings, etc. submitted for equipment or material which was not specified, included in 

the specification or drawings by written addendum, or submitted by separate letter with the 

contractors bid will be returned without review and will not be considered for this project. 

I. At the completion of the project, this Contractor shall give the Owner three copies of all shop 

drawings, data sheets, operating manuals, parts lists, maintenance manuals, etc. which shall be 

bound in vinyl-covered three-ring binders with a complete index and index tabs.  All manuals to 

be submitted to the Engineer's Office for review and acceptance prior to transmittal to the 

Owner. 

1.9 OWNERS RECORD SET OF DRAWINGS 

A. This Contractor shall keep a careful record of all changes in location of all electrical items on all 

floors from that actually shown on the working drawings.  Upon completion of this project, this 
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Contractor shall transmit these changes to a set of “As-Built” record set of drawings.  The set of 

drawings shall include all drawings, even if no changes were made.  Each "record drawing" 

shall be so labeled, dated and signed by this Contractor. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 

product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified. 

2.2 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain 

ends. 

B. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch 

(1.3- or 3.5-mm) thickness as indicated and of length to suit application. 

C. Coordinate sleeve selection and application with selection and application of firestopping. 

2.3 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 

sleeve and raceway or cable. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Metraflex Co. 

d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM or NBR interlocking links shaped to fit surface of cable or 

conduit.  Include type and number required for material and size of raceway or cable. 

3. Pressure Plates:  Carbon steel or stainless steel.  Include two for each sealing element. 

4. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating or stainless 

steel of length required to secure pressure plates to sealing elements.  Include one for 

each sealing element. 

2.4 CONCRETE BASES 

A. Concrete Forms and Reinforcement Materials:  As specified in Division 3 Section "Cast-in-

Place Concrete." 
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PART 3 - EXECUTION 

3.1 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 

B. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit 

for wall-mounting items. 

C. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, 

arrange and install components and equipment to provide maximum possible headroom 

consistent with these requirements. 

D. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components 

of both electrical equipment and other nearby installations.  Connect in such a way as to 

facilitate future disconnecting with minimum interference with other items in the vicinity. 

E. Right of Way:  Give to raceways and piping systems installed at a required slope. 

3.2 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways 

penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

B. Coordinate sleeve selection and application with selection and application of firestopping. 

C. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 

openings are used.  Install sleeves during erection of slabs and walls. 

D. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

E. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side 

greater than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches (1270 

mm) and 1 or more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 

0.138 inch (3.5 mm). 

F. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies 

unless openings compatible with firestop system used are fabricated during construction of floor 

or wall. 

G. Cut sleeves to length for mounting flush with both surfaces of walls. 

H. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 
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I. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway 

or cable unless sleeve seal is to be installed or unless seismic criteria require a different 

clearance. 

J. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with 

approved joint compound for gypsum board assemblies. 

K. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve 

and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.   

L. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, 

and floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable 

penetration sleeves with firestop materials.   

M. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical 

sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe 

and sleeve for installing mechanical sleeve seals. 

N. Underground, Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size 

sleeves to allow for 1-inch (25-mm) annular clear space between raceway or cable and sleeve 

for installing mechanical sleeve seals. 

3.3 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground, exterior wall penetrations. 

B. Use 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. 

3.4 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly. 

3.5 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger, in both 

directions, than supported unit.  Follow supported equipment manufacturer's anchorage 

recommendations and setting templates for anchor-bolt and tie locations, unless otherwise 

indicated.  Use 3000-psi, 28-day compressive-strength concrete and reinforcement. 
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3.6 FIELD QUALITY CONTROL 

A. Inspect installed sleeve and sleeve-seal installations and associated firestopping for damage and 

faulty work. 

END OF SECTION 26 05 00 
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

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. Copper building wire rated 600 V or less. 

2. Metal-clad cable, Type MC, rated 600 V or less. 

3. Connectors, splices, and terminations rated 600 V and less. 

1.3 DEFINITIONS 

A. RoHS: Restriction of Hazardous Substances. 

B. VFC: Variable-frequency controller. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 

an overall insulation layer or jacket, or both, rated 600 V or less. 
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B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Alcan Products Corporation; Alcan Cable Division. 

2. American Insulated Wire Corp.; a Leviton Company. 

3. General Cable Corporation. 

4. Senator Wire & Cable Company. 

5. Southwire Company. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 

intended location and use. 

2. RoHS compliant. 

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 

"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B8 

for stranded conductors. 

E. Conductor Insulation: 

1. Type THHN/THWN: Comply with UL 83. 

2. Type THW: Comply with NEMA WC-70/ICEA S-95-658 and UL 83. 

3. Type XHHW-2: Comply with UL 44. 

F. Shield: 

1. Type TC-ER: Cable designed for use with VFCs, with oversized crosslinked 

polyethylene insulation, and sunlight- and oil-resistant outer PVC jacket. 

2.2 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 

type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and use. 

B. Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set 

screws, designed to connect conductors specified in this Section. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

26 05 19 - 3  
LOW-VOLTAGE ELECTRICAL 
POWER CONDUCTORS AND 

CABLES  
 

 

 

B. Branch Circuits: Copper. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and 

larger. 

3.2 CONDUCTOR INSULATION APPLICATIONS AND WIRING METHODS 

A. Service Entrance: Type THHN/THWN-2, single conductors in raceway,Type XHHW-2, single 

conductors in raceway. 

B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway,Type XHHW-2, single 

conductors in raceway 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, 

single conductors in raceway,Type XHHW-2, single conductors in raceway 

D. Feeders Concealed below Slabs-on-Grade, and Underground: Type THHN/THWN-2, single 

conductors in raceway,Type XHHW-2, single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors 

in raceway. 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single 

conductors in raceway, Metal-clad cable, Type MC. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 

Type THHN/THWN-2, single conductors in raceway,Type XHHW-2, single conductors in 

raceway. 

H. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-

steel, wire-mesh, strain relief device at terminations to suit application. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 

Division 26 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 

cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 

maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 

not damage cables or raceway. 
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E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 

follow surface contours where possible. 

F. Support cables according to Division 26 "Hangers and Supports for Electrical Systems." 

3.4 CONNECTIONS 

A. 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. 

B. 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. 

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Division 26 "Identification for 

Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 

conductor, and identify as spare conductor. 

3.6 FIELD QUALITY CONTROL 

1. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct 

connection according to the single-line diagram. 

b. Test bolted connections for high resistance using one of the following: 

1) A low-resistance ohmmeter. 

2) Calibrated torque wrench. 

3) Thermographic survey. 

c. Inspect compression-applied connectors for correct cable match and indentation. 

d. Inspect for correct identification. 

e. Inspect cable jacket and condition. 

f. Insulation-resistance test on each conductor for ground and adjacent conductors. 

Apply a potential of 500-V dc for 300-V rated cable and 1000-V dc for 600-V 

rated cable for a one-minute duration. 
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g. Continuity test on each conductor and cable. 

h. Uniform resistance of parallel conductors. 

B. Cables will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports to record the following: 

1. Procedures used. 

2. Results that comply with requirements. 

3. Results that do not comply with requirements, and corrective action taken to achieve 

compliance with requirements. 

END OF SECTION 26 05 19 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

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 grounding and bonding systems and equipment. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans showing dimensioned locations of grounding features specified 

in "Field Quality Control" Article, including the following: 

1. Test wells. 

2. Ground rods. 

3. Ground rings. 

4. Grounding arrangements and connections for separately derived systems. 

B. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 

maintenance manuals. 

1. In addition to items specified in Division 1 "Operation and Maintenance Data," include 

the following: 

a. Plans showing as-built, dimensioned locations of grounding features specified in 

"Field Quality Control" Article, including the following: 

1) Test wells. 
2) Ground rods. 
3) Ground rings. 
4) Grounding arrangements and connections for separately derived systems. 
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1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Certified by NETA. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. 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. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 CONDUCTORS 

A. Insulated Conductors:Copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 

2. Stranded Conductors: ASTM B 8. 

3. Tinned Conductors: ASTM B 33. 

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. 

6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches wide and 1/16 inch thick. 

7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper 

ferrules; 1-5/8 inches wide and 1/16 inch thick. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section, 

with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply 

with UL 891 600 V and shall be Lexan or PVC, impulse tested at 5000 V. 

2.3 CONNECTORS 

A. 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. 

B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 

materials being joined and installation conditions. 

C. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless-type wire terminals, and 

long-barrel, two-bolt connection to ground bus bar. 
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D. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals. 

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron. 

G. Conduit Hubs: Mechanical type, terminal with threaded hub. 

H. Ground Rod Clamps: Mechanical type, copper or copper alloy,  

I. Water Pipe Clamps: 

1. Mechanical type, two pieces with stainless-steel bolts. 

a. Listed for direct burial. 

2.4 GROUNDING ELECTRODES 

PART 3 - Ground Rods: Copper clad 3/4 inch by 10 feetEXECUTION 

3.1 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. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, IT 

rooms, and elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches 

above finished floor unless otherwise indicated. Minimum ¼”x4”x24” 

E. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 

2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 

3. Connections to Ground Rods at Test Wells: Bolted connectors. 

4. Connections to Structural Steel: Welded connectors. 
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3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 

ground bus. Install a main bonding jumper between the neutral and ground buses. 

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Install grounding electrode(s) at the generator neutral if indicated on drawings and 4 pole ATS 

is utilized. Otherwise install ground electrode shall be connected to the frame of the generator. 

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. 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. 

3.5 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. 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. 

C. 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. 

D. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate 

insulated equipment grounding conductor in addition to grounding conductor installed with 

branch-circuit conductors. 

1. . 
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3.6 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 Bonding Common with Lightning Protection System: Comply with NFPA 780 and 

UL 96 when interconnecting with lightning protection system. Bond electrical power system 

ground directly to lightning protection system grounding conductor at closest point to electrical 

service grounding electrode. Use bonding conductor sized same as system grounding electrode 

conductor, and install in conduit. 

C. 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. Use exothermic welds for all below-grade connections. 

3. 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. 

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. 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 braided-type 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. 

F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner 

column and at intermediate exterior columns at distances not more than 60 feet apart. 
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G. Ground Ring: Install a grounding conductor, electrically connected to each building structure 

ground rod and to each steel column, extending around the perimeter of building. 

1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps 

to building steel. 

2. Bury ground ring not less than 24” from building's foundation. 

H. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; use a 

minimum of 25’ of bare copper conductor not smaller than #3 AWG. 

1. If concrete foundation is less than 25’ long, coil excess conductor within base of 

foundation. 

2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor 

bolts. Extend grounding conductor below grade and connect to building's grounding grid 

or to grounding electrode external to concrete. 

I. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. 

Select connectors, connection hardware, conductors, and connection methods so metals in direct 

contact are galvanically compatible. 

1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 

contact points closer in 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. 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 

electrical connections with a calibrated torque wrench according to manufacturer's 

written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal. 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, 
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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: 5ohms. 

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. 

 

END OF SECTION 260526 
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SECTION 26 05 29 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

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. Hangers and supports for electrical equipment and systems. 

2. Construction requirements for concrete bases. 

B. Related Sections include the following: 

1. Division 26 Section "Vibration And Seismic Controls For Electrical Systems" for 

products and installation requirements necessary for compliance with seismic criteria. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Design supports for multiple raceways, including comprehensive 

engineering analysis by a qualified professional engineer, using performance requirements and 

design criteria indicated. 

B. Design supports for multiple raceways capable of supporting combined weight of supported 

systems and its contents. 

C. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components. 

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 

calculated or imposed for this Project, with a minimum structural safety factor of five times the 

applied force. 
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1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

2. Nonmetallic slotted support systems. 

B. Shop Drawings:  Signed and sealed by a qualified professional engineer. Show fabrication and 

installation details and include calculations for the following: 

1. Trapeze hangers.  Include Product Data for components. 

2. Steel slotted channel systems.  Include Product Data for components. 

3. Nonmetallic slotted channel systems.  Include Product Data for components. 

4. Equipment supports. 

C. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 

Welding Code - Steel." 

B. Comply with NFPA 70. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified in Division 03. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 

are specified in Division 07 Section "Roof Accessories." 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 

assembly. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. ERICO International Corporation. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut; Tyco International, Ltd. 
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g. Wesanco, Inc. 

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. 

B. Nonmetallic Slotted Support Systems:  Structural-grade, factory-formed, glass-fiber-resin 

channels and angles with 9/16-inch- diameter holes at a maximum of 8 inches o.c., in at least 1 

surface. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. Fabco Plastics Wholesale Limited. 

d. Seasafe, Inc. 

2. Fittings and Accessories:  Products of channel and angle manufacturer and designed for 

use with those items. 

3. Fitting and Accessory Materials:  Same as channels and angles, except metal items may 

be stainless steel. 

4. Rated Strength:  Selected to suit applicable load criteria. 

C. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

D. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed 

for types and sizes of raceway or cable to be supported. 

E. 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. 

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: 

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. Manufacturers:  Subject to compliance with requirements, provide products by one 

of the following: 

1) Hilti Inc. 

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 
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2. Mechanical-Expansion Anchors:  Insert-wedge-type stainless steel, for use in hardened 

portland cement concrete with tension, shear, and pullout capacities appropriate for 

supported loads and building materials in which used. 

a. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 

2) Empire Tool and Manufacturing Co., Inc. 

3) Hilti Inc. 

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

5) MKT Fastening, LLC. 

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. 

2.2 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 Division 05 Section "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. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for 

EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch in 

diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted or 

other support system, sized so capacity can be increased by at least 25 percent in future without 

exceeding specified design load limits. 

1. Secure raceways and cables to these supports.  
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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. 

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 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 meet seismic-restraint strength and anchorage requirements. 

D. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 

bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Division 05 Section "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. 
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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 Division 03 Section.  

C. Anchor equipment to concrete base. 

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: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 

after erecting hangers and supports. Use same materials as used for shop painting. Comply with 

SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils. 

B. Touchup:  Comply with requirements in Division 09 painting Sections for cleaning and touchup 

painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous 

metal. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

END OF SECTION 26 05 29 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

26 05 33 - 1  
RACEWAY AND BOXES FOR 

ELECTRICAL SYSTEMS  
 

 

 

SECTION 26 05 33 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

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 raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. ENT:  Electrical nonmetallic tubing. 

C. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

D. FMC:  Flexible metal conduit. 

E. IMC:  Intermediate metal conduit. 

F. LFMC:  Liquidtight flexible metal conduit. 

G. LFNC:  Liquidtight flexible nonmetallic conduit. 

H. NBR:  Acrylonitrile-butadiene rubber. 

I. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 

enclosures, and cabinets. 

B. Shop Drawings:  For the following raceway components.  Include plans, elevations, sections, 

details, and attachments to other work. 

1. Custom enclosures and cabinets. 

2. For handholes and boxes for underground wiring, including the following: 

a. Duct entry provisions, including locations and duct sizes. 
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b. Frame and cover design. 

c. Grounding details. 

d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons. 

e. Joint details. 

C. Coordination Drawings:  Conduit routing 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. Structural members in the paths of conduit groups with common supports. 

2. HVAC and plumbing items and architectural features in the paths of conduit groups with 

common supports. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that enclosures and 

cabinets and their mounting provisions, including those for internal 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 cabinet or enclosure will remain in place without 

separation of any parts when subjected to the seismic forces specified. 

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. 

E. Qualification Data:  For professional engineer and testing agency. 

F. Source quality-control test reports. 

1.5 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. 

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Allied Tube & Conduit; a Tyco International Ltd. Co. 

2. Maverick Tube Corporation. 

3. O-Z Gedney; a unit of General Signal. 
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4. Wheatland Tube Company. 

B. Rigid Steel Conduit:  ANSI C80.1. 

C. Aluminum Rigid Conduit:  ANSI C80.5. 

D. IMC:  ANSI C80.6. 

E. EMT:  ANSI C80.3. 

F. FMC:  Zinc-coated steel. 

G. LFMC:  Flexible steel conduit with PVC jacket. 

H. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  

NEMA FB 1; listed for type and size raceway with which used, and for application and 

environment in which installed. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886. 

2. Fittings for EMT:compression type. 

I. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies, 

and compounded for use to lubricate and protect threaded raceway joints from corrosion and 

enhance their conductivity. 

2.2 NONMETALLIC CONDUIT  

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Arnco Corporation. 

2. CANTEX Inc. 

3. CertainTeed Corp.; Pipe & Plastics Group. 

4. Condux International, Inc. 

5. ElecSYS, Inc. 

6. Electri-Flex Co. 

7. Lamson & Sessions; Carlon Electrical Products. 

8. Manhattan/CDT/Cole-Flex. 

9. RACO; a Hubbell Company. 

10. Thomas & Betts Corporation. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

C. LFNC:  UL 1660. 

D. Fittings for ENT and RNC:  NEMA TC 3; match to conduit or tubing type and material. 

E. Fittings for LFNC:  UL 514B. 
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2.3 OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Arnco Corporation. 

2. Endot Industries Inc. 

3. IPEX Inc. 

4. Lamson & Sessions; Carlon Electrical Products. 

B. Description: Comply with UL 2024; flexible type, approved for general-use  installation. 

2.4 METAL WIREWAYS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Cooper B-Line, Inc. 

2. Hoffman. 

3. Square D; Schneider Electric. 

B. Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1and / or3R, unless 

otherwise indicated. 

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. Finish: Manufacturer's standard enamel finish. 

2.5 SURFACE RACEWAYS 

A. Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard 

enamel finish in color selected by Architect. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Thomas & Betts Corporation. 

b. Walker Systems, Inc.; Wiremold Company (The). 

c. Wiremold Company (The); Electrical Sales Division. 

B. Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC with 

texture and color selected by Architect from manufacturer's standard colors. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Butler Manufacturing Company; Walker Division. 

b. Enduro Systems, Inc.; Composite Products Division. 

c. Hubbell Incorporated; Wiring Device-Kellems Division. 

d. Lamson & Sessions; Carlon Electrical Products. 
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e. Panduit Corp. 

f. Walker Systems, Inc.; Wiremold Company (The). 

g. Wiremold Company (The); Electrical Sales Division. 

2.6 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 

2. EGS/Appleton Electric. 

3. Erickson Electrical Equipment Company. 

4. Hoffman. 

5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 

6. O-Z/Gedney; a unit of General Signal. 

7. RACO; a Hubbell Company. 

8. Robroy Industries, Inc.; Enclosure Division. 

9. Scott Fetzer Co.; Adalet Division. 

10. Spring City Electrical Manufacturing Company. 

11. Thomas & Betts Corporation. 

12. Walker Systems, Inc.; Wiremold Company (The). 

13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 

B. Sheet Metal Outlet and Device Boxes: NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy, Type FD, with gasketed 

cover. 

D. Metal Floor Boxes: Cast metal, fully adjustable, rectangular. 

E. Nonmetallic Floor Boxes: Nonadjustable, round/rectangular. 

F. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

G. Hinged-Cover Enclosures: 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. 

H. 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. 
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2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. Description:  Comply with SCTE 77. 

1. Color of Frame and Cover: Gray. 

2. Configuration:  Units shall be designed for flush burial and have open bottom, unless 

otherwise indicated. 

3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure. 

4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 

5. Cover Legend:  Molded lettering as indicated for each service. 

6. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 

7. Handholes 12 inches wide by 24 inches longand larger shall have inserts for cable racks 

and pulling-in irons installed before concrete is poured. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and 

aggregate, bound together with polymer resin, and reinforced with steel or fiberglass or a 

combination of the two. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Armorcast Products Company. 

b. Carson Industries LLC. 

c. CDR Systems Corporation. 

d. NewBasis. 

e. Quazite 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit: Rigid steel conduit  

2. Concealed Conduit, Aboveground:  Rigid steel conduit. 

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. 

6. Application of Handholes and Boxes for Underground Wiring: 

a. Handholes and Pull Boxes in Driveway, Parking Lot, and Off-Roadway Locations, 

Subject to Occasional, Nondeliberate Loading by Heavy Vehicles: Polymer 

concrete, SCTE 77, Tier 15 structural load rating. 

b. Handholes and Pull Boxes in Sidewalk and Similar Applications with a Safety 

Factor for Nondeliberate Loading by Vehicles: Polymer-concrete units SCTE 77, 

Tier 8 structural load rating. 
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c. Handholes and Pull Boxes Subject to Light-Duty Pedestrian Traffic Only: 

Fiberglass-reinforced polyester resin, structurally tested according to SCTE 77 

with 3000-lbf (13 345-N) vertical loading. 

B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT.. 

2. Exposed, Not Subject to Severe Physical Damage:  EMT. 

3. Exposed and Subject to Severe Physical Damage:  IMC.  Includes raceways in the 

following locations: 

a. Loading dock. 

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

c. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet 

locations. 

6. Damp or Wet Locations:  Rigid steel conduit. 

7. Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental 

Air:  Plenum-type, optical fiber/communications cable raceway 

8. Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts: Riser-

type, optical fiber/communications cable raceway. 

9. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless 

steel in damp or wet locations. 

C. Minimum Raceway Size:  1/2-inchtrade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless 

otherwise indicated. 

2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with that 

material.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing 

conduits and fittings.  Use sealant recommended by fitting manufacturer. 

E. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum 

raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve. 

F. Do not install aluminum conduits in contact with concrete. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 

except where requirements on Drawings or in this Article are stricter. 

B. 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. 

C. Complete raceway installation before starting conductor installation. 
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D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical 

Systems." 

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 

communications conduits, for which fewer bends are allowed. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise 

indicated. 

H. Raceways Embedded in Slabs: 

1. Do not install conduits in slab. 

I. 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. 

J. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 

to protect conductors, including conductors smaller than No. 4 AWG. 

K. Install pull wires in empty raceways. 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. 

L. Raceways for Optical Fiber and Communications Cable: Install raceways, metallic and 

nonmetallic, rigid and flexible, as follows: 

1. 3/4-Inch Trade Size and Smaller: Install raceways in maximum lengths of 50 feet. 

2. 1-Inch Trade Size and Larger: Install raceways in maximum lengths of 75 feet. 

3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway 

unless Drawings show stricter requirements. Separate lengths with pull or junction boxes 

or terminations at distribution frames or cabinets where necessary to comply with these 

requirements. 

M. Install raceway sealing fittings at suitable, approved, and accessible locations 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 at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 

spaces. 

2. Where otherwise required by NFPA 70. 

N. Expansion-Joint Fittings for RNC: Install in each run of aboveground conduit that is located 

where environmental temperature change may exceed 30 deg F, and that has straight-run length 

that exceeds 25 feet. 

O. Flexible Conduit Connections:  Use maximum of 72 inches of flexible conduit for recessed and 

semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or 

movement; and for transformers and motors. 
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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. 

P. 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. 

Q. Set metal floor boxes level and flush with finished floor surface. 

R. Set nonmetallic floor boxes level. Trim after installation to fit 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  

2. Install backfill as specified. 

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. 

4. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and 

at building entrances through the floor. 

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 and boxes with bottom below the frost line.  

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 the 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. 
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3.5 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 

without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 

manufacturer. 

2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 

END OF SECTION 26 05 33 
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SECTION 26 05 48 - VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS 

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. 

4. Channel support systems. 

5. Restraint cables. 

6. Hanger rod stiffeners. 

7. Anchorage bushings and washers. 

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 DEFINITIONS 

A. The IBC:  International Building Code. 

B. ICC-ES:  ICC-Evaluation Service. 

C. OSHPD:  Office of Statewide Health Planning and Development for the State of California. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  D. 

2. Assigned Seismic Use Group or Building Category as Defined in the IBC: IV 

a. Component Importance Factor: 1.5. 

b. Component Response Modification Factor: 1.5. 

c. Component Amplification Factor: 1.0. 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second):   

4. Design Spectral Response Acceleration at 1.0-Second Period:   
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1.5 SUBMITTALS 

A. Product Data: For the following: 

1. Include rated load, rated deflection, and overload capacity for each vibration isolation 

device. 

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 agency acceptable to 

authorities having jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 

requirements. 

3. Restrained-Isolation Devices:  Include ratings for horizontal, vertical, and combined 

loads. 

B. Delegated-Design Submittal: For seismic-restraint details 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 and seismic restraints. 

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. 

4. Seismic-Restraint Details: 

a. Design Analysis: To support selection and arrangement of seismic 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 

c. 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). 

C. Coordination Drawings:  Show coordination of seismic bracing for electrical components with 

other systems and equipment in the vicinity, including other supports and seismic restraints. 

D. Welding certificates. 

E. Qualification Data:  For professional engineer. 

F. Field quality-control test reports. 
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1.6 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. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall 

bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or 

preapproval by another agency acceptable to authorities having jurisdiction, showing maximum 

seismic-restraint ratings. 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) to support seismic-

restraint designs must be signed and sealed by a qualified professional engineer. 

E. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 VIBRATION ISOLATORS 

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. Ace Mountings Co., Inc. 

2. Amber/Booth Company, Inc. 

3. California Dynamics Corporation. 

4. Isolation Technology, Inc. 

5. Kinetics Noise Control. 

6. Mason Industries. 

7. Vibration Eliminator Co., Inc. 

8. Vibration Isolation. 

9. Vibration Mountings & Controls, Inc. 

B. 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. 
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2.2 SEISMIC-RESTRAINT DEVICES 

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. Amber/Booth Company, Inc. 

2. California Dynamics Corporation. 

3. Cooper B-Line, Inc.; a division of Cooper Industries. 

4. Hilti Inc. 

5. Loos & Co.; Seismic Earthquake Division. 

6. Mason Industries. 

7. TOLCO Incorporated; a brand of NIBCO INC. 

8. Unistrut; Tyco International, Ltd. 

B. General Requirements for Restraint Components: Rated strengths, features, and application 

requirements 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 four  times the maximum seismic forces to which they will 

be subjected. 

C. 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. 

D. Restraint Cables:  ASTM A 603 galvanized steel cables with end connections made of steel 

assemblies with thimbles, brackets, swivels, and bolts designed for restraining cable service; 

and with a minimum of two clamping bolts for cable engagement. 

E. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted 

connections to hanger rod.  Do not weld stiffeners to rods. 

F. Bushings for Floor-Mounted Equipment Anchor: Neoprene bushings designed for rigid 

equipment mountings, and matched to type and size of anchors 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. 

H. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 

neoprene, with a flat washer face. 

I. Mechanical Anchor: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for 

interior applications and stainless steel for exterior applications. Select anchors with strength 

required for anchor and as tested according to ASTM E 488. Minimum length of eight times 

diameter. 
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J. Adhesive Anchor: 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 E 488. 

2.3 FACTORY FINISHES 

A. Finish: Manufacturer's standard prime-coat finish ready for field painting. 

B. 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 galvanize 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 and seismic-control devices to indicate 

capacity range. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and equipment to receive seismic-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. 

3.2 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 due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies: Select sizes of components so strength 

will be adequate to carry present and future static and seismic loads within specified loading 

limits. 
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3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Equipment and Hanger Restraints: 

1. Install restrained isolators on electrical equipment. 

2. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance 

between anchor and adjacent surface exceeds 0.125 inch. 

3. Install seismic-restraint devices using methods approved by an agency acceptable to 

authorities having jurisdiction providing required submittals for component. 

B. 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. 

C. 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. 

D. 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. 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. 

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 they terminate with connection 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 tests and inspections. 
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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. Measure isolator restraint clearance. 

7. Measure isolator deflection. 

8. Verify snubber minimum clearances. 

9. 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. 

3.6 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. 

C. Adjust active height of spring isolators. 

D. Adjust restraints to permit free movement of equipment within normal mode of operation. 

END OF SECTION 26 05 48 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

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. 

8. Miscellaneous identification products. 

1.3 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

B. Samples:  For each type of label and sign to illustrate size, colors, lettering style, mounting 

provisions, and graphic features of identification products. 

C. Identification Schedule:  An index of nomenclature of electrical equipment and system 

components used in identification signs and labels. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 

used by label printers, shall comply with UL 969. 
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1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 

other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 

wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, 

standards, and 29 CFR 1910.145.  Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.1 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each raceway and cable size. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and 

chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 

label. 

2.2 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 

to 2 inches wide. 

B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and 

chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend 

label. 

C. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 

legend machine printed by thermal transfer or equivalent process. 

2.3 UNDERGROUND-LINE WARNING TAPE 

A. Tape: 

1. Recommended by manufacturer for the method of installation and suitable to identify and 

locate underground electrical and communications utility lines. 

2. Printing on tape shall be permanent and shall not be damaged by burial operations. 
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3. Tape material and ink shall be chemically inert, and not subject to degrading when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 

B. Color and Printing: 

1. Comply with ANSI Z535.1 through ANSI Z535.5. 

2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE 

3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE,  

2.4 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels, 

configured for display on front cover, door, or other access to equipment unless otherwise 

indicated. 

C. Baked-Enamel Warning 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. 

D. Warning label and sign 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." 

2.5 INSTRUCTION SIGNS 

A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 

sq. inches and 1/8 inch thick for larger sizes. 

1. Engraved legend with black letters on white face. 

2. Punched or drilled for mechanical fasteners. 

3. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

B. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process.  

Minimum letter height shall be 3/8 inch. 

C. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal 

transfer or equivalent process.  Minimum letter height shall be 3/8 inch.  Overlay shall provide a 

weatherproof and UV-resistant seal for label. 
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2.6 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.  

White letters on a dark-gray background.  Minimum letter height shall be 3/8 inch. 

2.7 CABLE TIES 

A. 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. 

B. 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. 

C. 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. 

2.8 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in Division 09 painting Sections for paint materials and 

application requirements. Select 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 INSTALLATION 

A. Verify identity of each item before installing identification products. 
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B. Location: Install identification materials and devices at locations for most convenient viewing 

without interference with operation and maintenance of equipment. 

C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and 

methods recommended by manufacturer of identification device. 

E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 

appropriate to the location and substrate. 

F. 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. 

G. 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. 

H. Underground-Line Warning Tape: During backfilling of trenches install continuous 

underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use 

multiple tapes where width of multiple lines installed in a common trench exceeds 16 inches 

overall. 

I. Painted Identification: Comply with requirements in Division 09 painting Sections for surface 

preparation and paint application. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull 

box of the following systems with the wiring system legend and system voltage and circuit  

B. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase. 

1. Color-Coding for Phase: Use colors listed below.  

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG 

b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 

2) Phase B: Red. 

3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A:  Brown. 

2) Phase B:  Orange. 

3) Phase C:  Yellow. 
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d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a 

minimum distance of 6 inches from terminal points and in boxes where splices or 

taps are made.  Apply last two turns of tape with no tension to prevent possible 

unwinding.  Locate bands to avoid obscuring factory cable markings. 

C. 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 the 

Operation and Maintenance Manual. 

D. Locations of Underground Lines:  Identify with underground-line warning tape for power, 

lighting, communication, and control wiring and optical fiber cable. 

1. Limit use of underground-line warning tape to direct-buried cables. 

2. Install underground-line warning tape for both direct-buried cables and cables in 

raceway. 

E. Workspace Indication:  Install floor marking tape to show working clearances in the direction of 

access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 

otherwise indicated.  Do not install at flush-mounted panelboards and similar equipment in 

finished spaces. 

F. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:   

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. 

G. 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. 

H. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 

background with minimum 3/8-inch- high letters for emergency instructions.  

I. Equipment Identification Labels: On each unit of equipment, install unique designation label 

that is consistent with wiring diagrams, schedules, and the 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 systems unless equipment is 

provided with its own identification. 

1. Labeling Instructions: 
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a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine label.  

Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters 

on 1-1/2-inch- high label; where two lines of text are required, use labels 2 inches 

high. 

b. Outdoor Equipment: Engraved, laminated acrylic or melamine labelStenciled 

legend 4 inches high. 

c. Elevated Components: Increase sizes of labels and letters to those appropriate for 

viewing from the floor. 

d. Unless provided with self-adhesive means of attachment, fasten labels with 

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 

the enclosure. 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 

panelboard manufacturer. Panelboard identification shall be engraved, laminated 

acrylic or melamine label. 

b. Enclosures and electrical cabinets. 

c. Access doors and panels for concealed electrical items. 

d. Switchgear. 

e. Switchboards. 

f. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 

g. Substations. 

h. Emergency system boxes and enclosures. 

i. Motor-control centers. 

j. Enclosed switches. 

k. Enclosed circuit breakers. 

l. Enclosed controllers. 

m. Variable-speed controllers. 

n. Push-button stations. 

o. Power transfer equipment. 

p. Contactors. 

q. Remote-controlled switches, dimmer modules, and control devices. 

r. Battery-inverter units. 

s. Battery racks. 

t. Power-generating units. 

u. Monitoring and control equipment. 

v. UPS equipment. 

END OF SECTION 26 05 53 
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SECTION 26 27 26 - WIRING DEVICES 

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. Receptacles, receptacles with integral GFCI, and associated device plates. 

2. Snap switches and wall-box dimmers. 

3. Solid-state fan speed controls. 

4. Pendant cord-connector devices. 

5. Cord and plug sets. 

6. 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. 

F. UTP:  Unshielded twisted pair. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings:  List of legends and description of materials and process used for premarking 

wall plates. 

C. Samples:  One for each type of device and wall plate specified, in each color specified. 

D. Field quality-control test reports. 
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E. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing 

label warnings and instruction manuals that include labeling conditions. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain each type of wiring device and associated wall plate through one 

source from a single manufacturer.  Insofar as they are available, obtain all wiring devices and 

associated wall plates from a single manufacturer and one source. 

B. 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. 

C. Comply with NFPA 70. 

1.6 COORDINATION 

A. Receptacles for Owner-Furnished Equipment:  Match plug configurations. 

1. Cord and Plug Sets:  Match equipment requirements. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following 

manufacturers' names are used in other Part 2 articles: 

1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper). 

2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 

3. Leviton Mfg. Company Inc. (Leviton). 

4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour). 

2.2 STRAIGHT BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 

configuration 5-20R, and UL 498. 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated into the Work include, but are not limited to, the following: 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 5351 (single), 5352 (duplex). 

b. Hubbell; HBL5351 (single), CR5352 (duplex). 

c. Leviton; 5891 (single), 5352 (duplex). 

d. Pass & Seymour; 5381 (single), 5352 (duplex). 
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2.3 GFCI RECEPTACLES 

A. General Description:  Straight blade, non-feed-through type.  Comply with NEMA WD 1, 

NEMA WD 6, UL 498, and UL 943, Class A, and include indicator light that is lighted when 

device is tripped. 

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A: 

1. Available Products:  Subject to compliance with requirements, products that may be 

incorporated into the Work include, but are not limited to, the following: 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; GF20. 

b. Pass & Seymour; 2084. 

c. Hubbell; HGF8300. 

d. Leviton; 6898-HG. 

2.4 WALL SWITCH SENSOR LIGHT SWITCH, DUAL TECHNOLOGY 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

1. Eaton (Arrow Hart). 

2. Hubbell Incorporated; Wiring Device-Kellems. 

3. Leviton Manufacturing Co., Inc. 

4. Pass & Seymour/Legrand (Pass & Seymour). 

5. Wattstopper. 

B. Description: Switchbox-mounted, combination lighting-control sensor and conventional switch 

lighting-control unit using dual technology. 

1. Connections: Hard wired. 

2. Rated 960 W at 120-V ac for tungsten lighting, 10 A at 120-V ac or 10 A at 277-V ac for 

fluorescent or LED lighting, and 1/4 hp at 120-V ac. 

3. Adjustable time delay of 20 minutes. 

4. Able to be locked to Automatic-On mode. Occupancy/Vacancy operation 

5. Comply with NEMA WD 1, UL 20, and FS W-S-896. 

2.5 CORD AND PLUG SETS 

A. Description:  Match voltage and current ratings and number of conductors to requirements of 

equipment being connected. 

1. Cord:  Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with 

green-insulated grounding conductor and equipment-rating ampacity plus a minimum of 

30 percent. 

2. Plug:  Nylon body and integral cable-clamping jaws.  Match cord and receptacle type for 

connection. 

http://www.specagent.com/Lookup?ulid=12440
http://www.specagent.com/Lookup?uid=123457038773
http://www.specagent.com/Lookup?uid=123457038774
http://www.specagent.com/Lookup?uid=123457035665
http://www.specagent.com/Lookup?uid=123457035666
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2.6 SNAP SWITCHES 

A. Comply with NEMA WD 1 and UL 20. 

B. Switches, 120/277 V, 20 A: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way). 

b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 

(four way). 

c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four 

way). 

d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 

20AC4 (four way). 

C. Pilot Light Switches, 20 A: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221PL for 120 V and 277 V. 

b. Hubbell; HPL1221PL for 120 V and 277 V. 

c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V. 

d. Pass & Seymour; PS20AC1-PLR for 120 V. 

2. Description:  Single pole, with neon-lighted handle, illuminated when switch is "ON." 

2.7 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. LED Lamp Dimmer Switches: Modular; compatible with LED Fixtures.  

2.8 FAN SPEED CONTROLS 

A. Modular, 120-V, full-wave, solid-state units with integral, quiet on-off switches and audible 

frequency and EMI/RFI filters.  Comply with UL 1917. 

1. Continuously adjustable rotary knob . 

2.9 WALL PLATES 

A. Single and combination types to match corresponding wiring devices. 

1. Plate-Securing Screws:  Metal with head color to match plate finish. 

2. Material for Finished Spaces:  Smooth, high-impact thermoplastic 0.035-inch- thick. 

3. Material for Unfinished Spaces:  Smooth, high-impact thermoplastic. 

4. Material for apparatus bay: stainless steel. 
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B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-

resistant thermoplastic with lockable cover. 

2.10 FINISHES 

A. Color:  Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System:  white unless otherwise indicated 

or required by NFPA 70 or device listing. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise 

noted. 

B. Coordination with Other Trades: 

1. Take steps to insure that devices and their boxes are protected.  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 the 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. 

C. Conductors: 

1. Do not strip insulation from conductors until just 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 NFPA 70, 

Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 

b. Straighten conductors that remain and remove corrosion and foreign matter. 

c. Pigtailing existing conductors is permitted provided the outlet box is large enough. 

D. Device Installation: 

1. Replace all devices that have been in temporary use during construction or that show 

signs that they 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. 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

26 27 26 - 6  WIRING DEVICES  

 

 

 

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, 2/3 to 3/4 of the way around terminal screw. 

6. Use a torque screwdriver when a torque is recommended or required by the manufacturer. 

7. When conductors larger than No. 12 AWG are installed on 15- or 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. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted 

receptacles to the right. 

F. 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. 

G. 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. 

H. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension 

vertical and with grounding terminal of receptacles on top.  Group adjacent switches under 

single, multigang wall plates. 

I. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and 

furnishings. 

3.2 IDENTIFICATION 

A. Comply with Division 26 Section "Identification for Electrical Systems." 

1. Receptacles:  Identify panelboard and circuit number from which served.  Use durable 

wire markers or tags inside outlet boxes. In Hospitals and Healthcare facilities 

Identification shall be with clear tag with black lettering 1/8” high on faceplate of device. 

3.3 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Test Instruments:  Use instruments that comply with UL 1436. 

2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital 

readout or illuminated LED indicators of measurement. 
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SECTION 26 28 16 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Enclosures. 

1.3 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

C. SPDT:  Single pole, double throw. 

1.4 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 and the unit will be fully 

operational after the seismic event." 

1.5 SUBMITTALS 

A. 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. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current ratings (interrupting and withstand, as appropriate). 

4. Include evidence of NRTL listing for series rating of installed devices. 
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5. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 

6. 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. 

B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, 

details, and attachments to other work. 

1. Wiring Diagrams:  For power, signal, and control wiring. 

C. Qualification Data:  For qualified testing agency. 

D. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, 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. 

E. Field quality-control reports. 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

F. Manufacturer's field service report. 

G. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in 

emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 

Section "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit 

breakers. 

2. 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 QUALITY ASSURANCE 

A. 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. 

B. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective 

devices, components, and accessories, within same product category, from single source from 

single manufacturer. 
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C. 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. 

D. 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. 

E. Comply with NFPA 70. 

1.7 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following 

conditions unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F and not exceeding 104 deg F. 

2. Altitude:  Not exceeding 6600 feet. 

1.8 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 SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw,  1200 A and Smaller:  UL 98 and NEMA KS 1, 

horsepower rated, with clips or bolt pads to accommodate fuses, lockable handle with capability 

to accept three padlocks, and interlocked with cover in closed position. 

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
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3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 1200 A and Smaller:  UL 98 and NEMA KS 1, 

horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with 

cover in closed position. 

2.3 ENCLOSURES 

A. 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. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  

NEMA 250, Type 12. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance 

with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 

otherwise indicated. 

B. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration 

and Seismic Controls for Electrical Systems." 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

D. Install fuses in fusible devices. 

E. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 
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1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.4 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, 

test, and adjust components, assemblies, and equipment installations, including connections. 

B. 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. 

C. 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. 

D. 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. 

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 enclosed switch and 

circuit breaker.  Remove front panels so joints and connections are accessible to 

portable scanner. 

b. 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. 

4. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment. 

E. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 

inspections. 

F. 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. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 

recommended by manufacturer. 
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SECTION 26 32 13 ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 WORK INCLUDES 

A. General: 

1. Electrical Contractor Provides. 

a. Generator. 

b. Annunciator. 

c. Sub base fuel tank. 

d. Full tank of gas. 

1.2 SUMMARY 

A. This section includes packaged diesel-engine generator sets with the following features and 

accessories: 

1. Battery charger. 

2. Subbase Fuel tank. 

3. Engine-generator set. 

4. Muffler. 

5. Exhaust piping external to set. 

6. Outdoor enclosure. 

7. Remote annunciator. 

8. Remote stop switch. 

9. Starting battery.  

1.3 DEFINITIONS 

A. Operational Bandwidth:  The total variation from the lowest to highest value of a parameter 

over the range of conditions indicated, expressed as a percentage of the nominal value of the 

parameter. 

B. Steady-State Voltage Modulation:  The uniform cyclical variation of voltage within the 

operational bandwidth, expressed in Hertz or cycles per second. 

1.4 SUBMITTALS 

A. Product Data:  Include the following: 

1. Data on features, components, accessories ratings, and performance. 

2. Thermal damage curve for generator. 
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3. Time-current characteristic curves for generator protective device. 

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. Dimensioned outline plan and elevation drawings of engine-generator set and other 

components specified. 

2. Vibration Isolation Base Details:  Signed and sealed by a qualified professional engineer.  

Detail fabrication, including anchorages and attachments to structure and to supported 

equipment.  Include base weights. 

3. Wiring Diagrams:  Power, signal, and control wiring. 

C. Welding certificates. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that engine-generator 

set, batteries, battery racks, accessories, and components will withstand seismic forces defined 

in Division 16 Section "Seismic Controls for Electrical Work."  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. 

E. Qualification Data:  For manufacturer. 

F. Certified summary of prototype-unit test report. 

G. Certified Test Reports:  For components and accessories that are equivalent, but not identical, to 

those tested on prototype unit. 

H. Certified Summary of Performance Tests:  Demonstrate compliance with specified requirement 

to meet performance criteria for sensitive loads. 

I. Test Reports: 

1. Report of factory test on units to be shipped for this Project, showing evidence of 

compliance with specified requirements. 

2. Report of sound generation. 

3. Report of exhaust emissions showing compliance with applicable regulations. 

4. Field quality-control test reports. 

J. Certification of Torsional Vibration Compatibility:  Comply with NFPA 110. 
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K. Operation and Maintenance Data:  For packaged engine generators to include in emergency, 

operation, and maintenance manuals.  In addition to items specified in Division 1 Section 

"Closeout Procedures Operation and Maintenance Data," include the following: 

1. List of tools and replacement items recommended to be stored at the Project for ready 

access.  Include part and drawing numbers, current unit prices, and source of supply. 

L. Warranty:  Special warranty specified in this Section. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Manufacturer's authorized representative who is trained and approved 

for installation of units required for this Project. 

1. Maintenance Proximity:  Not more than four hours' normal travel time from Installer's 

place of business to Project site. 

2. Engineering Responsibility:  Preparation of data for vibration isolators and seismic 

restraints of engine skid mounts, including Shop Drawings, based on testing and 

engineering analysis of manufacturer's standard units in assemblies similar to those 

indicated for this Project. 

B. Manufacturer Qualifications:  A qualified manufacturer.  Maintain, within 200 miles of Project 

site, a service center capable of providing training, parts, and emergency maintenance repairs. 

C. Source Limitations:  Obtain packaged generator sets and auxiliary components through one 

source from a single manufacturer. 

D. Product Options:  Drawings indicate size, profiles, and dimensional requirements of packaged 

generator sets and are based on the specific system indicated.  Refer to Division 1 Section 

"Product Requirements." 

E. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel 

Code:  Section IX for welding exhaust-system piping. 

F. 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. 

G. Comply with NFPA 37. 

H. Comply with NFPA 70. 

I. Comply with NFPA 110.  

J. Engine Exhaust Emissions:  Comply with applicable state and local government requirements. 

K. 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 
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including engine, engine exhaust, engine cooling-air intake and discharge, and other 

components of installation. 

1.6 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.   

1.7 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace components of packaged engine generators and associated auxiliary components that 

fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  One year from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Caterpillar; Engine Div. 

2. Onan/Cummins 

3. Generac 

2.2 ENGINE-GENERATOR SET 

A. Packaged engine-generator set shall be a coordinated assembly of compatible components. 

B. Power Output Ratings:  Nominal ratings as indicated, with capacity as required to operate as a 

unit as evidenced by records of prototype testing. 

C. Output Connections:  Per Drawings.. 

D. Safety Standard:  Comply with ASME B15.1. 

E. Nameplates:  Each major system component shall be equipped with a nameplate to identify 

manufacturer's name and address, and model and serial number of component. 

F. Fabricate engine-generator-set mounting frame and attachment of components to resist 

generator-set movement during a seismic event. 
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G. Mounting Frame:  Adequate strength and rigidity to maintain alignment of mounted 

components without depending on concrete foundation.  Mounting frame shall be free from 

sharp edges and corners and shall have lifting attachments arranged for lifting with slings 

without damaging components. 

1. Rigging Diagram:  Inscribed on metal plate permanently attached to mounting frame to 

indicate location and lifting capacity of each lifting attachment and generator-set center 

of gravity. 

2.3 GENERATOR-SET PERFORMANCE 

A. Steady-State Voltage Operational Bandwidth:  4 percent of rated output voltage from no load to 

full load. 

B. Steady-State Voltage Modulation Frequency:  Less than 1 Hz. 

C. 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. 

D. Steady-State Frequency Operational Bandwidth:  0.5 percent of rated frequency from no load to 

full load. 

E. 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. 

F. Transient Frequency Performance:  Less than 5 percent variation for a 50 percent step-load 

increase or decrease.  Frequency shall recover and remain within the steady-state operating band 

within five seconds. 

G. 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.  The telephone influence factor, 

determined according to NEMA MG 1, shall not exceed 50 percent. 

H. Sustained Short-Circuit Current:  For a single-phase, bolted short circuit at system output 

terminals, the 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. 

I. Start Time:  Generator shall start and pick up load within 10 seconds of loss of normal power. 
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2.4 SERVICE CONDITIONS 

A. Environmental Conditions:  Engine-generator system shall withstand the following 

environmental conditions without mechanical or electrical damage or degradation of 

performance capability: 

1. Ambient Temperature:  Minus 15 to plus 40 deg C. 

2. Relative Humidity:  0 to 95 percent. 

3. Altitude:  Sea level to 1000 feet. 

2.5 ENGINE 

A. Fuel:  Fuel oil, Grade DF-2. 

B. Rated Engine Speed:  1800 rpm. 

C. Lubrication System:  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. 

D. Engine Fuel System: 

1. Main Fuel Pump:  Mounted on engine.  Pump ensures adequate primary fuel flow under 

starting and load conditions. 

2. Relief-Bypass Valve:  Automatically regulates pressure in fuel line and returns excess 

fuel to source. 

E. Coolant Jacket Heater:  Electric-immersion type, factory installed in coolant jacket system.  

Comply with NFPA 110 requirements for Level 1 equipment for heater capacity. 

F. Governor: Adjustable isochronous, with speed sensing. 

2.6 ENGINE COOLING SYSTEM 

A. Description:  Closed loop, liquid cooled, with radiator factory mounted on engine-generator-set 

mounting frame and integral engine-driven coolant pump. 

B. Radiator:  Rated for specified coolant. 

C. 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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D. 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. 

E. Temperature Control:  Self-contained, thermostatic-control valve modulates coolant flow 

automatically to maintain optimum constant coolant temperature as recommended by engine 

manufacturer. 

F. Coolant Hose:  Flexible assembly with inside surface of nonporous rubber and outer covering of 

aging-, ultraviolet-, and abrasion-resistant fabric. 

1. Rating:  50-psig maximum working pressure with coolant at 180 deg F, and 

noncollapsible under vacuum. 

2. End Fittings:  Flanges or steel pipe nipples with clamps to suit piping and equipment 

connections. 

2.7 FUEL SUPPLY SYSTEM 

A. Comply with NFPA 30. 

B. Base-Mounted Fuel Oil Tank:  Factory installed and piped, complying with UL 142 fuel oil 

tank.  Features include the following: 

1. Tank level indicator. 

2. Capacity:  Fuel for forty (48) eight hours continuous operation at 100 percent rated power 

output. 

3. Vandal-resistant fill cap. 

4. Containment Provisions:  Comply with requirements of authorities having jurisdiction. 

5. Provide full tank diesel fuel with anti-gel inhibitors. 

2.8 ENGINE EXHAUST SYSTEM 

A. Muffler:  Critical type, sized as recommended by engine manufacturer; sound level measured at 

a distance of 10 feet from exhaust discharge shall be 85 dBA or less. 

B. Condensate Drain for Muffler:  Schedule 40, black steel pipe connected to muffler drain outlet 

through a petcock. 

C. Connection from Engine to Exhaust System:  Flexible section of corrugated stainless-steel pipe. 

D. Connection from Exhaust Pipe to Muffler:  Stainless-steel expansion joint with liner. 

E. Muffler shall be internal to weatherproof  housing. 
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2.9 COMBUSTION-AIR INTAKE 

A. Description:  Heavy-duty, engine-mounted air cleaner with replaceable dry-filter element and 

"blocked filter" indicator. 

2.10 STARTING SYSTEM 

A. Description:  24 -V electric, with negative ground and including the following items: 

1. Components:  Sized so they will not be damaged during a full engine-cranking cycle with 

ambient temperature at maximum specified in "Environmental Conditions" Paragraph in 

"Service Conditions" Article. 

2. Cranking Motor:  Heavy-duty unit that automatically engages and releases from engine 

flywheel without binding. 

3. Battery:  Adequate capacity within ambient temperature range specified in 

"Environmental Conditions" Paragraph in "Service Conditions" Article to provide 

specified cranking cycle at least three times without recharging. 

4. Battery Cable:  Size as recommended by engine manufacturer for cable length indicated.  

Include required interconnecting conductors and connection accessories. 

5. Battery Compartment:  Factory fabricated of metal with acid-resistant finish and thermal 

insulation.  Thermostatically controlled heater shall be arranged to maintain battery above 

10 deg C regardless of external ambient temperature within range specified in 

"Environmental Conditions" Paragraph in "Service Conditions" Article.  Include 

accessories required to support and fasten batteries in place. 

6. Battery-Charging Alternator:  Factory mounted on engine with solid-state voltage 

regulation and 35-A minimum continuous rating. 

7. Battery Charger:  Current-limiting, automatic-equalizing and float-charging type.  Unit 

shall comply with UL 1236 and include the following features: 

a. 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. 

b. Automatic Temperature Compensation:  Adjust float and equalize voltages for 

variations in ambient temperature from minus 40 deg C to plus 60 deg C to prevent 

overcharging at high temperatures and undercharging at low temperatures. 

c. Automatic Voltage Regulation:  Maintain constant output voltage regardless of 

input voltage variations up to plus or minus 10 percent. 

d. Ammeter and Voltmeter:  Flush mounted in door.  Meters shall indicate charging 

rates. 

e. 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. 

f. Enclosure and Mounting:  NEMA 250, Type 1, wall-mounted cabinet. 
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2.11 CONTROL AND MONITORING 

A. Functional Description:  When mode-selector switch on the control and monitoring panel is in 

the automatic position, remote-control contacts in one or more separate automatic transfer 

switches initiate starting and stopping of the generator set.  When mode-selector switch is 

switched to the on position, the generator set starts.  The off position of the same switch initiates 

generator-set shutdown.  When generator set is running, specified system or equipment failures 

or derangements automatically shut down the generator set and initiate alarms.  Operation of a 

remote emergency-stop switch also shuts down the generator set. 

B. Functional Description:  Switching on-off switch on the generator control panel to the on 

position starts the generator set.  The off position of the same switch initiates generator-set 

shutdown.  When generator set is running, specified system or equipment failures or 

derangements automatically shut down the generator set and initiate alarms.  Operation of a 

remote emergency-stop switch also shuts down the generator set. 

C. Configuration:  Operating and safety indications, protective devices, basic system controls, and 

engine gages shall be grouped in a common control and monitoring panel mounted on the 

generator set.  Mounting method shall isolate the control panel from generator-set vibration. 

D. Indicating and Protective Devices and Controls: 

1. AC voltmeter. 

2. AC ammeter. 

3. AC frequency meter. 

4. DC voltmeter (alternator battery charging). 

5. Engine-coolant temperature gage. 

6. Engine lubricating-oil pressure gage. 

7. Running-time meter. 

8. Ammeter-voltmeter, phase-selector switch(es). 

9. Generator-voltage adjusting rheostat. 

10. Start-stop switch. 

11. Overspeed shutdown device. 

12. Coolant high-temperature shutdown device. 

13. Coolant low-level shutdown device. 

14. Oil low-pressure shutdown device. 

15. Fuel tank derangement alarm. 

16. Fuel tank high-level shutdown of fuel supply alarm. 

17. Generator overload. 

E. Supporting Items:  Include sensors, transducers, terminals, relays, and other devices and include 

wiring required to support specified items.  Locate sensors and other supporting items on engine 

or generator, unless otherwise indicated. 

F. Connection to Data Link:  A separate terminal block, factory wired to Form C dry contacts, for 

each alarm and status indication is reserved for connections for data-link transmission of 

indications to remote data terminals.   
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G. Common Remote Audible Alarm:  Comply with NFPA 110 requirements for Level 1 systems.  

Include necessary contacts and terminals in control and monitoring panel. 

H. Remote Alarm Annunciator:  Comply with NFPA 99.  Labeled LED shall identify each alarm 

event.  Common audible signal shall sound for alarm conditions.  Silencing switch in face of 

panel shall silence signal without altering visual indication.  Connect so that after an alarm is 

silenced, clearing of initiating condition will reactivate alarm until silencing switch is reset.  

Cabinet and faceplate are surface- or flush-mounting type to suit mounting conditions indicated.  

Mount in apparatus bay. 

2.12 GENERATOR OVERCURRENT AND FAULT PROTECTION 

A. Generator Circuit Breaker:  Molded-case, thermal-magnetic type; 80 percent rated; complying 

with NEMA AB 1 and UL 489. 

1. Tripping Characteristic:  Designed specifically for generator protection. 

2. Trip Rating:  Matched to generator rating. 

3. Mounting:  Adjacent to or integrated with control and monitoring panel. 

B. Generator Protector:  Microprocessor-based unit that continuously monitors current level in 

each phase of generator output, integrates generator heating effect over time, and predicts when 

thermal damage of the alternator will occur.  When signaled by the protector or other generator-

set protective devices, a shunt-trip device in the generator disconnect switch shall open the 

switch to disconnect the generator from the load circuits.  Protector shall perform the following 

functions: 

1. Initiates a generator overload alarm when the generator has operated at an overload 

equivalent to 110 percent of full-rated load for 60 seconds.  Indication for this alarm is 

integrated with other generator-set malfunction alarms. 

2. Under single phase fault conditions, regulates the generator to 300 percent of rated full-

load current for up to 10 seconds. 

3. As the overcurrent heating effect on the generator approaches the thermal damage point 

of the unit, the protector switches the excitation system off, opens the generator 

disconnect device, and shuts down the generator set. 

4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated 

voltage to avoid overshoot. 

2.13 GENERATOR, EXCITER, AND VOLTAGE REGULATOR 

A. Comply with NEMA MG 1 and specified performance requirements. 

B. Drive:  Generator shaft shall be directly connected to engine shaft.  Exciter shall be rotated 

integrally with generator rotor. 

C. Electrical Insulation:  Class H or Class F. 
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D. Stator-Winding Leads:  Brought out to terminal box to permit future reconnection for other 

voltages if required. 

E. 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. 

F. Excitation shall use no slip or collector rings, or brushes, and shall be arranged to sustain 

generator output under short-circuit conditions as specified. 

G. Enclosure:  Dripproof. 

H. Instrument Transformers:  Mounted within generator enclosure. 

I. Voltage Regulator:  Solid-state type, separate from exciter, providing performance as specified. 

1. Adjusting rheostat on control and monitoring panel shall provide plus or minus 5 percent 

adjustment of output-voltage operating band. 

J. Strip Heater:  Thermostatically controlled unit arranged to maintain stator windings above dew 

point. 

K. Windings:  Two-thirds pitch stator winding and fully linked amortisseur winding. 

L. Subtransient Reactance:  12 percent, maximum. 

2.14 OUTDOOR GENERATOR-SET ENCLOSURE 

A. Description:  Vandal-resistant, weatherproof steel housing, wind resistant up to 100 mph.  

Multiple panels shall be lockable and provide adequate access to components requiring 

maintenance.  Panels shall be removable by one person without tools.  Instruments and control 

shall be mounted within enclosure. 

B. Description:  Prefabricated or preengineered enclosure with the following features: 

1. Construction:  Galvanized-steel, metal-clad, integral structural-steel-framed building 

erected on concrete foundation. 

2. Structural Design and Anchorage:  Wind resistant up to 100 mph. 

3. Space Heater:  Thermostatically controlled and sized to prevent condensation. 

4. Louvers:  Equipped with bird screen and filter arranged to permit air circulation when 

engine is not running while excluding exterior dust, birds, and rodents. 

5. Hinged Doors:  With padlocking provisions. 

6. Ventilation:  Louvers equipped with bird screen and filter arranged to permit air 

circulation while excluding exterior dust, birds, and rodents. 

7. Thermal Insulation:  Manufacturer's standard materials and thickness selected in 

coordination with space heater to maintain winter interior temperature within operating 

limits required by engine-generator-set components. 

8. Muffler Location:  Within enclosure. 
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C. Engine Cooling Airflow through Enclosure:  Maintain temperature rise of system components 

within required limits when unit operates at 110 percent of rated load for 2 hours with ambient 

temperature at top of range specified in system service conditions. 

1. Louvers:  Fixed-engine cooling-air inlet and discharge.  Storm-proof and drainable 

louvers prevent entry of rain and snow. 

2. Automatic Dampers:  At engine cooling-air inlet and discharge.  Dampers shall be closed 

to reduce enclosure heat loss in cold weather when unit is not operating. 

2.15 FINISHES 

A. Indoor and Outdoor Enclosures and Components:  Manufacturer's standard enamel over 

corrosion-resistant pretreatment and compatible standard primer. 

2.16 SOURCE QUALITY CONTROL 

A. Prototype Testing:  Factory test engine-generator set using same engine model, constructed of 

identical or equivalent components and equipped with identical or equivalent accessories. 

1. Tests:  Comply with NFPA 110, Level 1 energy converters in Paragraphs 3.2.1, 3.2.1.1, 

and 3.2.1.2. 

2. Generator Tests:  Comply with IEEE 115. 

3. Components and Accessories:  Items furnished with installed unit that are not identical to 

those on tested prototype shall have been factory tested to demonstrate compatibility and 

reliability. 

B. Project-Specific Equipment Tests:  Before shipment, factory test engine-generator set and other 

system components and accessories manufactured specifically for this Project.  Perform tests at 

rated load and power factor.  Include the following tests: 

1. Full load run. 

2. Maximum power. 

3. Voltage regulation. 

4. Transient and steady-state governing. 

5. Single-step load pickup. 

6. Safety shutdown. 

7. Observation of Factory Tests:  Provide 14 days' advance notice of tests and opportunity 

for observation of tests by Owner's representative. 

C. Report factory test results within 10 days of completion of test. 
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PART 3 - EXECUTION 

3.1 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 of 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. 

3.2 CONCRETE BASES 

A. Coordinate size and location of concrete bases.  Verify structural requirements with structural 

engineer. 

3.3 INSTALLATION 

A. Comply with packaged engine-generator manufacturers' written installation and alignment 

instructions and with NFPA 110. 

B. Install packaged engine generators level on concrete base. 

C. Install packaged engine generator to provide access, without removing connections or 

accessories, for periodic maintenance. 

D. Electrical Wiring:  Install electrical devices furnished by equipment manufacturers but not 

specified to be factory mounted. 

3.4 CONNECTIONS 

A. Ground equipment according to Division 16 Section "Grounding and Bonding." 

B. Connect wiring according to Division 16 Section "Conductors and Cables." 

C. 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 and UL 486B. 
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3.5 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. Perform the following field tests and inspections and prepare test reports: 

1. Perform each electrical test and visual and mechanical inspection stated in NETA ATS, 

Sections 7.15.2.1 and 7.22.1 (except for vibration baseline test).  Certify compliance with 

test parameters. 

2. Perform tests recommended by manufacturer. 

3. NFPA 110 Acceptance Tests:  Perform tests required by NFPA 110 that are additional to 

those specified here including, but not limited to, the following: 

a. Single-step full-load pickup test. 

4. 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. 

5. Battery-Charger Tests:  Verify specified rates of charge for both equalizing and float-

charging conditions. 

6. 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. 

7. Exhaust-System Back-Pressure Test:  Use a manometer with a scale exceeding 40-inch 

wg.  Connect to exhaust line close to engine exhaust manifold.  Verify that back pressure 

at full-rated load is within manufacturer's written allowable limits for the engine. 

8. Exhaust Emissions Test:  Comply with applicable government test criteria. 

9. 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. 

10. Harmonic-Content Tests:  Measure harmonic content of output voltage under 25 percent 

and at 100 percent of rated linear load.  Verify that harmonic content is within specified 

limits. 

C. Coordinate tests with tests for transfer switches and run them concurrently. 

D. Test instruments shall have been calibrated within the last 12 months, traceable to standards of 

the National Institute for Standards and Technology, and adequate for making positive 

observation of test results.  Make calibration records available for examination on request. 

E. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no 

leaks exist. 
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F. Operational Test:  After electrical circuitry has been energized, start units to confirm proper 

motor rotation and unit operation. 

G. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

H. Remove and replace malfunctioning units and retest as specified above. 

I. Retest:  Correct deficiencies identified by tests and observations and retest until specified 

requirements are met. 

J. 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. 

3.6 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Inspect field-assembled components and equipment installation, including piping and electrical 

connections.  Report results in writing. 

C. Complete installation and startup checks according to manufacturer's written instructions. 

D. Provide full tank of fuel.  

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain packaged engine generators.   

1. Coordinate this training with that for transfer switches. 

END OF SECTION 26 32 13 
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SECTION 26 36 00 

TRANSFER SWITCHES 

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 transfer switches rated 600 V and less, including the following: 

1. Automatic transfer switches. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, weights, operating 

characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum 

clearances, conductor entry provisions, gutter space, installed features and devices, and material 

lists for each switch specified. 

C. Manufacturer Seismic Qualification Certification:  Submit certification that transfer switches 

accessories, 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. 

D. Qualification Data:  For manufacturer. 

E. Field quality-control test reports. 
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F. Operation and Maintenance Data:  For each type of product to include in emergency, operation, 

and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and 

Maintenance Data," include the following: 

1. Features and operating sequences, both automatic and manual. 

2. List of all factory settings of relays; provide relay-setting and calibration instructions, 

including software, where applicable. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Maintain a service center capable of providing training, parts, and 

emergency maintenance repairs within a response period of less than eight hours from time of 

notification. 

B. 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. 

C. 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. 

D. Comply with NEMA ICS 1. 

E. Comply with NFPA 70. 

F. Comply with NFPA 99. 

G. Comply with NFPA 110. 

H. Comply with UL 1008 unless requirements of these Specifications are stricter. 

1.5 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified in Division 03. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Contactor Transfer Switches: 

a. Caterpillar; Engine Div. 

b. Emerson; ASCO Power Technologies, LP. 

c. GE Zenith Controls. 

d. Kohler Power Systems; Generator Division. 

e. Onan/Cummins Power Generation; Industrial Business Group. 

f. Russelectric, Inc. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total 

system transfer, including tungsten filament lamp loads not exceeding 30 percent of switch 

ampere rating, unless otherwise indicated. 

B. Tested Fault-Current Closing and Withstand Ratings:  Adequate for duty imposed by protective 

devices at installation locations in Project under the fault conditions indicated, based on testing 

according to UL 1008. 

1. Where transfer switch includes internal fault-current protection, rating of switch and trip 

unit combination shall exceed indicated fault-current value at installation location. 

C. 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. 

D. 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. 

E. Electrical Operation:  Accomplish by a nonfused, momentarily energized solenoid or electric-

motor-operated mechanism, mechanically and electrically interlocked in both directions. 

F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated current 

between active power sources. 

1. Limitation:  Switches using molded-case switches or circuit breakers or insulated-case 

circuit-breaker components are not acceptable. 

2. Switch Action:  Double throw; mechanically held in both directions. 

3. Contacts:  Silver composition or silver alloy for load-current switching.  Conventional 

automatic transfer-switch units, rated 225 A and higher, shall have separate arcing 

contacts. 

G. Neutral Terminal:  Refer to drawings. 
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H. 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. 

I. 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 Division 26 Section 

"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. 

J. Enclosures:  General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508, 

unless otherwise indicated. 

2.3 AUTOMATIC TRANSFER SWITCHES 

A. Comply with Level 1 equipment according to NFPA 110. 

B. Switching Arrangement:  Double-throw type, incapable of pauses or intermediate position stops 

during normal functioning, unless otherwise indicated. 

C. Manual Switch Operation:  Under load, with door closed and with either or both sources 

energized.  Transfer time is same as for electrical operation.  Control circuit automatically 

disconnects from electrical operator during manual operation. 

D. 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. 

E. Digital Communication Interface:  Matched to capability of remote annunciator or annunciator 

and control panel. 

F. Transfer Switches Based on Molded-Case-Switch Components:  Comply with NEMA AB 1, 

UL 489, and UL 869A. 

G. In-Phase Monitor:  Factory-wired, internal relay controls transfer so it occurs only when the two 

sources are synchronized in phase.  Relay compares phase relationship and frequency difference 

between normal and emergency sources and initiates transfer when both sources are within 15 

electrical degrees, and only if transfer can be completed within 60 electrical degrees.  Transfer 

is initiated only if both sources are within 2 Hz of nominal frequency and 70 percent or more of 

nominal voltage. 

H. Motor Disconnect and Timing Relay:  Controls designate starters so they disconnect motors 

before transfer and reconnect them selectively at an adjustable time interval after transfer.  

Control connection to motor starters is through wiring external to automatic transfer switch.  
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Time delay for reconnecting individual motor loads is adjustable between 1 and 60 seconds, and 

settings are as indicated.  Relay contacts handling motor-control circuit inrush and seal currents 

are rated for actual currents to be encountered. 

I. 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.  

Factory set for pickup at 90 percent and dropout at 85 percent. 

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. Connect switch 

showing switch in emergency position to elevator control panel. 

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 open, single-pole, double-throw contacts 

for each switch position, rated 10 A at 240-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:  Instantaneous; shall initiate shutdown sequence at remote 

engine-generator controls after retransfer of load to normal source. 

12. 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. 

13. 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. 
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b. Push-button programming control with digital display of settings. 

c. Integral battery operation of time switch when normal control power is not 

available. 

d.  

2.4 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  Ensure 

proper operation.  Check transfer time and voltage, frequency, and time-delay settings for 

compliance with specified requirements.  Perform dielectric strength test complying with 

NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Design each fastener and support to carry load indicated by seismic requirements and according 

to seismic-restraint details.  See Division 26 Section "Vibration and Seismic Controls for 

Electrical Systems." 

B. 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 Division 26 Section "Hangers and Supports for Electrical Systems." 

C. Annunciator and Control Panel Mounting:  Flush in wall, unless otherwise indicated. 

D. Identify components according to Division 26 Section "Identification for Electrical Systems." 

E. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

3.2 CONNECTIONS 

A. Wiring to Remote Components:  Match type and number of cables and conductors to control 

and communication requirements of transfer switches and generator as recommended by 

manufacturer.  Increase raceway sizes at no additional cost to Owner if necessary to 

accommodate required wiring. 

B. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 

Systems." 

C. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 

and Cables." 
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D. Connect auxiliary switch showing ATS in emergency position to elevator controller. 

3.3 FIELD QUALITY CONTROL 

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 installation, including connections, and 

to assist in testing. 

2. After installing equipment and after electrical circuitry has been energized, test for 

compliance with requirements. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester.  Include external annunciation and control circuits.  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. 

5. 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. Perform contact-resistance test across main contacts and correct values exceeding 

500 microhms and values for 1 pole deviating by more than 50 percent from other 

poles. 

g. 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. 

6. 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. 
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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. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 

Acceptance, perform an infrared scan of each switch.  Remove all access panels so joints and 

connections are accessible to portable scanner. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain transfer switches and related equipment as specified below.  Refer 

to Division 01 Section "Demonstration and Training." 

B. Coordinate this training with that for generator equipment. 

END OF SECTION 26 36 00 
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SECTION 264 313 – SURGE PROTECTIVE DEVICE (SPD) FOR LOW-VOLTAGE ELECTRICAL 

POWER CIRCUITS 

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 CODES AND REFERENCE  

A. Qualification Data: Products shall be tested and listed by a Third-Party testing lab or U.S. 

Department of Labor/OSHA approved NRTL 

B. Agency Approval/Testing Agency Qualifications: An independent testing 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.  

 

1. All SPDs shall be tested and listed to ANSI/UL 1449 latest edition & Complimentary 

Listed to UL 1283 by a Nationally Recognized Testing Laboratory (NRTL) (i.e. CSA, UL, 

etc.)  

 

C. Applicable Documents: 

 

1. ANSI/IEEE Std C62.41.1™-2002, IEEE Guide on the Surge Environment in Low- Voltage 

(1000 V and Less) AC Power Circuits 

2. ANSI/IEEE Std C62.41.2™-2002,IEEE Recommended Practice on Characterization of 

Surges in Low-Voltage (1000 V and Less) AC Power Circuits 

3. ANSI/IEEE Std C62.45™-2002, IEEE Recommended Practice on Surge Testing for 

Equipment Connected to Low-Voltage (1000 V and Less) AC Power Circuits 

4. ANSI C84.1, American National Standard for Electric Power Systems and Equipment – 

Voltage Ratings (60 Hertz) 

a. IEEE Standard 1100-2005, IEEE Recommended Practice for Power and Grounding 

Electronic Equipment - Clause 8.6.1 

b. National Fire Protection Association (NFPA) 70 (N.E.C.) –2017 – Article 285 

c. ANSI/UL 1449 latest edition Surge Protective Devices 

d. IEEE Std C62.72-2016 - IEEE Guide for the Application of Surge-Protective 

Devices for Use on the Load Side of Service Equipment in Low-Voltage (1000 V or 

Less, 50 Hz or 60 Hz) AC Power Circuits 
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e. IEEE Std C62.62-2018, IEEE Standard Test Specifications for Surge-Protective 

Devices (SPDs) for Use on the Load Side of the Service Equipment in Low-Voltage 

(1000 V and Less) AC Power Circuits 

1.3 SUMMARY 

A. Section includes field installed SPDs for low-voltage power distribution equipment. 

1.4 SUBMITTALS FOR REVIEW 

A. Product Data:  For each type of product indicated, include all required testing and pertinent 

manufacturer information described in section 1.6, as well as rated capacities, maximum 

continuous operating voltage, weights and dimensions, electrical characteristics, interconnecting 

wiring requirements, accessories, and ANSI/UL 1449 latest edition VPRs. 

B. Letter from manufacturer stating products are in strict compliance with the recommendations of 

IEEE Std 1100-2005, Clause 8.6.1. and incorporate a minimum of 7 individual dedicated discrete 

modes of protection for three-phase Wye systems (3 x L-N, 3 x L-G, 1 x N-G), or 6 individual 

dedicated discrete modes of protection for three-phase Delta systems (3 x L-L, 3 x L-G), or 5 

individual dedicated discrete modes of protection for Split-Phase systems (2 x L-N, 2 x L-G, 1 x 

N-G). (Reduced-Mode variations will not be accepted). 

C. Warranty duration and replacement policy. 

D. Manufacturer’s installation instructions 

E. Provide a table indicating which panel/switchboard/equipment each SPD will serve. Table shall 

include project name, panel name, voltage/phase, and SPD model number to be provided, 

submittals will not be approved without this table. 

F.  

Project Name:  

Panel/Switchboard Name 
 

Volts, Phase SPD Model Number 
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1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain surge protective devices and accessories through one source from a 

single manufacturer. 

B. Product Options:  Drawings indicate size, dimensional requirements, and electrical performance 

of surge protective device and are based on the specific system indicated.  Other manufacturers’ 

products complying with requirements may be considered.  Refer to Division 1 Section 

“Substitutions.” 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by 

a testing agency acceptable to authorities having jurisdiction, and marked for intended location 

and application.  

D. IEEE Tested:  Tested according to IEEE C62.41.1-2002, “IEEE Guide for Surge Environment in 

Low Voltage AC Power Circuits,” IEEE C62.41.2-2002, “IEEE Recommended Practice on 

Characterization of Surges in Low Voltage AC Power Circuits” and test devices according to 

IEEE C62.45-2002, “IEEE Recommended Practice on Surge Testing for Equipment connected to 

Low Voltage AC Power Circuits.” 

E. UL Compliance:  Comply with UL 1283, “Electromagnetic Interference Filters,” and UL 1449 

latest edition, “Surge Protective Devices.”  

F. Manufacturer’s Qualifications: Manufacturer must have at least 10 years’ experience in the 

engineering, design and manufacture of permanently connected SPDs. The manufacturer shall be 

certified and compliant to ISO 9001:2015. 

1.6 PROJECT CONDITIONS 

A. Placing in Service:  Do not energize or connect service entrance equipment, panelboards, control 

terminals, or data terminals to their sources until the installer verifies the service and separately 

derived system’s Neutral to Ground bonding jumpers per NEC.  After the system voltages have 

been verified and the system has been energized and is stable, follow the manufacturers 

instructions for installing the surge protective devices. 

B. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless 

permitted under the following conditions and then only after arranging to provide temporary 

utility services according to requirements indicated: 

C. 1. Notify Architect not less than two days in advance of proposed utility interruptions. 
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D. 2. Do not proceed with utility interruptions without Architect’s written permission. 

E. C.     Service Conditions:  Surge protective devices shall be rated for continuous operation under 

the  following conditions, unless otherwise specified: 

1. Maximum Continuous Operating Voltage:  Not less than 115 percent of nominal system 

operating voltage for 480Y/277V and not less than 125 percent of nominal voltage for 

208Y/120V (Verifiable at UL.com). 

2. Operating Temperature:  30 to 120 deg F. 

3. Humidity:  0 to 85 percent, noncondensing. 

4. Altitude:  Less than 20,000 feet above sea level. 

1.7 COORDINATION 

A. Coordinate location of field installed SPDs to allow adequate clearances for maintenance. 

B. SPDs shall be rated for the class and category of service necessary for the application per the 

ANSI/IEEE Std C62.41.2TM-2002 and IEEE Std C62.72TM-2016 (Categories C, B, A) 

1.8 WARRANTY 

A. The manufacturer shall provide unlimited free replacement of the entire SPD (not just modules, 

components or sub-assemblies) for all inoperable SPDs during the warranty period. Acceptable 

manufacturers listed below that do not meet the warranty as standard shall submit a letter from 

an officer of the corporation extending the warranty with the product submittal. 

1. Warranty Period: Minimum warranty shall be Fifteen (15) years from date of purchase.  

2. Maintenance Restrictions:  No SPD shall be supplied which requires scheduled 

preventative-maintenance or replaceable parts (other than replaceable LEDs for diagnostic 

circuits).  Units requiring functional testing, special test equipment, or special training to 

monitor SPD status are not acceptable.  SPDs shall require no routine maintenance.  SPDs 

are considered non-repairable items and shall be fully replaced upon failure. 

3. Warranty shall not be pro-rated and shall cover manufacturer defects and workmanship, 

plus any end-of-life electrical events including lightning. 

B.  General Warranty:  Special warranties specified in this Article shall not deprive Owner of other 

rights Owner may have under other provisions of the Contract Documents and shall be in addition 

to, and run concurrent with, other warranties made by Contractor under requirements of the 

Contract Documents.  
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Manufacturers of a Broad Line of Surge Protective Devices: 

a. Current Technology, Inc. 

b. Leviton Manufacturing Co., Inc. 

c. Surge Suppression, LLC 

B. Manufacturers of Category A and Telephone/Data Line Surge Protective Devices: 

a. Current Technology, Inc. 

b. Leviton Manufacturing Co., Inc. 

c. Surge Suppression, LLC    

2.2 SERVICE ENTRANCE SURGE PROTECTIVE DEVICE 

A. 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. ABB USA. 
2. AC Data Solutions. 
3. Advanced Protection Technologies Inc. (APT). 
4. Atlantic Scientific. 
5. Current Technology Inc.; Danaher Power Solutions. 
6. Danaher Power Solutions; United Power Products. 
7. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
8. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
9. Intermatic, Inc. 
10. LEA International. 
11. Leviton Mfg. Company Inc. 
12. Liebert Corporation; a division of Emerson Network Power. 
13. Northern Technologies, Inc.; a division of Emerson Network Power. 
14. Siemens Energy & Automation, Inc. 
15. Square D; a brand of Schneider Electric. 
16. Surge Suppression Incorporated. 

17. or comparable models from PreApproved Other Manufacturers meeting these 
specifications. 

B. B. All SPDs on the entire project must be provided by the same SPD manufacturer to ensure 

commonality and ease of Owner maintenance. 

C. Peak Single-Impulse Surge Current Shall be 160 kA per mode, 320 kA per phase, minimum 

D. Basis of Design:  Surge Suppression, LLC: Sales – 888-987-8877 – www.surgesuppression.com 

http://www.surgesuppression.com/
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E. SSI SpecPRO Model Numbers:   

F. SSMB321S1AC13-27 (120/240 Vac Split-Phase) / SSMB323Y1AC13-27 (120/208 Vac Wye) / 

SSMB323Y2AC13-27 (277/480 Vac Wye) / SSMB323N4AC13-27 (480 Vac Delta) 

G. SPDs shall be: 

1. Listed to ANSI/UL 1449 latest edition and Complimentary Listed to 1283  

2.  SPD shall be UL labeled as Type 2 (verifiable at UL.com).  Every suppression component 

of every mode, including N-G, shall be protected by internal component level thermal 

fusing, in addition to surge-rated, over-current protection fuses on each incoming phase 

lead prior to connection with the circuit board.  Type 4 SPDs are not permitted. 

3. SPD shall be UL labeled with a Nominal Discharge Current Rating (Inominal or In) of 20 

kA per mode for all modes, which is verifiable at UL.com for compliance to UL 96A 

Lightning Protection Master Label and NFPA 780. 

4. The Maximum Continuous Operating Voltage (MCOV) shall be as follows:  

 

 

 

Nominal System Voltage Mode MCOV 

120/208 Wye and  

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

150 V 

300 V 

150 V 

150 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

320 V 

552-640 V 

320 V 

320 V 

480 Delta 
L-L 

L-G 

552 V 

552 V 

 

5. The SPD shall have UL 1449 latest edition, Voltage Protection Ratings (VPRs) as follows: 

  

Nominal System Voltage Mode VPR 

120/208 Wye and 

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

600 V 

1000 V 

600 V 

600 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

900 V 

1800 V 

1000 V 

900 V 

480 Delta 
L-L 

L-G 

1800 V 

1800 V 
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6. Visual LED indicator lights for power and protection status including a minimum of one 

green LED indicator per phase, and one red service LED. 

7. Permanently-mounted, parallel connected. 

8. Solid-state clamping components to limit the surge voltage and divert the surge current. 

SPD components that “crowbar” (e.g. spark gaps, gas tubes, SCR’s, etc.) are not allowed. 

9. Self-restoring and fully automatic. 

10. The SPD shall be tested and listed by a testing agency acceptable to authorities having 

jurisdiction, as a complete assembly to a symmetrical fault current rating greater than, or 

equal to, the available fault current at the location of installation at the connected panel, in 

accordance with NEC Article 285.6, and shall be marked with the short circuit current 

rating (SCCR). If the available fault current is unknown, then the SCCR of the SPD shall 

be 200 kAIC. 

11. Bi-directional, encapsulated, custom parallel and solid-state circuit configuration.   

12. SPD system shall incorporate a minimum of 7 individual dedicated discrete modes of 

protection for three-phase Wye systems (3 x L-N, 3 x L-G, 1 x N-G), or 6 individual 

dedicated discrete modes of protection for three-phase Delta systems (3 x L-L, 3 x L-G), 

or 5 individual dedicated discrete modes of protection for Split-Phase systems (2 x L-N, 2 

x L-G, 1 x N-G). Reduced-Mode variations will not be accepted. 

13. Audible alarm, with diagnostic test function and silencing switch, to indicate when 

protection has failed. 

14. One set of dry contacts rated at a minimum of 60 W (from 30 VDC @ 2 A to 150 VDC @ 

0.4 A) or 100 VA (from 50 VAC @ 2 A to 220 VAC @ 0.45 A). 

2.3 DISTRIBUTION PANEL SURGE PROTECTIVE DEVICES  

A. Manufacturers: Subject to compliance with requirements, provide specific model numbers listed 

by the following manufacturer, or comparable models from PreApproved Other Manufacturers 

meeting these specifications. 

B. B. All SPDs on the entire project must be provided by the same SPD manufacturer to ensure 

commonality and ease of Owner maintenance. 

C. C. Peak Single-Impulse Surge Current Shall be 100 kA per mode, 200 kA per phase, minimum 

with Frequency Responsive Circuitry  

D. 1. Surge Suppression, LLC:  Sales – 888-987-8877 – www.surgesuppression.com 

E. SSI SpecPRO Model Numbers:   

F. CSMB201S1AC13-27 (120/240 Vac Split-Phase) /  CSMB203Y1AC13-27 (120/208 Vac Wye) 

/  CSMB203Y2AC13-27 (277/480 Vac Wye) / CSMB203N4AC13-27 (480 Vac Delta) 

G. SPDs shall be: 

1. Listed to ANSI/UL 1449 latest edition and Complimentary Listed to UL 1283. 

2. SPD shall be UL labeled as Type 2 (verifiable at UL.com).  Every suppression component 

of every mode, including N-G, shall be protected by internal component level thermal 

http://www.surgesuppression.com/
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fusing, in addition to surge-rated, over-current protection fuses on each incoming phase 

lead prior to connection with the circuit board.  Type 1 or Type 4 SPDs are not permitted. 

3. SPD shall be UL labeled with a Nominal Discharge Current Rating (Inominal or In) of 20 

kA per mode for all modes, which is verifiable at UL.com for compliance to UL 96A 

Lightning Protection Master Label and NFPA 780. 

4. The Maximum Continuous Operating Voltage (MCOV) shall be as follows:  

 

 

Nominal System Voltage Mode MCOV 

120/208 Wye and 

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

150 V 

300 V 

150 V 

150 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

320 V 

552-640 V 

320 V 

320 V 

480 Delta 
L-L 

L-N 

552 V 

552 V 

 

5. The SPD shall have UL 1449 latest edition, Voltage Protection Ratings (VPRs) as follows:  

 

Nominal System Voltage Mode VPR 

120/208 Wye and 

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

600 V 

1000 V 

600 V 

700 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

1200 V 

1800 V 

1200 V 

1200 V 

480 Delta 
L-L 

L-G 

1800 V 

1800 V 

 

6. Visual LED indicator lights for power and protection status including a minimum of one 

green LED indicator per phase, and one red service LED. 

7. Incorporate “True sine wave tracking or frequency responsive circuitry (FRC)” based on 

the results of the Category A (2 kV) Ring Wave Measured Limiting Voltages. Products 

utilizing basic EMI/RFI filter performance or tracking circuits in the L-N mode only are 

not allowed (see section 1.6 C and D of this specification for specific requirements).  

8. Permanently-mounted, parallel connected. 

9. Solid-state clamping components to limit the surge voltage and divert the surge current. 

SPD components that “crowbar” (e.g. spark gaps, gas tubes, SCR’s, etc.) are not allowed. 

10. Self-restoring and fully automatic. 



   
 

 

 

25083 Meramec Ambulance 
District – Station 1 and 3  

26 43 13 - 9  

SURGE PROTECTIVE DEVICE 
(SPD) FOR LOW-VOLTAGE 

ELECTRICAL POWER 
CIRCUITS  

 

 

 

11. The SPD shall be tested and listed by a testing agency acceptable to authorities having 

jurisdiction, as a complete assembly to a symmetrical fault current rating greater than, or 

equal to, the available fault current at the location of installation at the connected panel, in 

accordance with NEC Article 285.6, and shall be marked with the short circuit current 

rating (SCCR). If the available fault current is unknown, then the SCCR of the SPD shall 

be 200 kAIC. 

12. Bi-directional, encapsulated, custom parallel and solid-state circuit configuration. 

13.  SPD system shall incorporate a minimum of 7 individual dedicated discrete modes of 

protection for three-phase Wye systems (3 x L-N, 3 x L-G, 1 x N-G), or 6 individual 

dedicated discrete modes of protection for three-phase Delta systems (3 x L-L, 3 x L-G), 

or 5 individual dedicated discrete modes of protection for Split-Phase systems (2 x L-N, 2 

x L-G, 1 x N-G). Reduced-Mode variations will not be accepted. 

14. Audible alarm, with diagnostic test function and silencing switch, to indicate when 

protection has failed. 

15. One set of dry contacts rated at a minimum of 60 W (from 30 VDC @ 2 A to 150 VDC @ 

0.4 A) or 100 VA (from 50 VAC @ 2 A to 220 VAC @ 0.45 A). 

2.4 BRANCH PANEL SURGE PROTECTIVE DEVICES  

A. Manufacturers:  Subject to compliance with requirements, provide specific model numbers listed 

by the following manufacturer, or comparable models from PreApproved Other Manufacturers 

meeting these specifications. 

B.  All SPDs on the entire project must be provided by the same SPD manufacturer to ensure 

commonality and ease of Owner maintenance. 

C. Peak Single-Impulse Surge Current Shall be 60 kA per mode, 120 kA per phase, minimum with 

Frequency Responsive Circuitry  

1. Surge Suppression, LLC:  Sales – 888-987-8877 – www.surgesuppression.com 

2. SSI SpecPRO Model Numbers:   

a. CSMB121S1AC13-27 (120/240Vac Split-Phase) / CSMB123Y1AC13-27 

(120/208Vac Wye) / CSMB123Y2SAC13-27 (277/480Vac Wye) / 

CSMB123N4AC13-27 (480 Vac Delta) 

D. SPDs shall be: 

1. Listed to ANSI/UL 1449 latest edition and Complimentary Listed to UL 1283. 

2. SPD shall be UL labeled as Type 2 (verifiable at UL.com).  Every suppression component 

of every mode, including N-G, shall be protected by internal component level thermal 

fusing, in addition to surge-rated, over-current protection fuses on each incoming phase 

lead prior to connection with the circuit board.  Type 1 or Type 4 SPDs are not permitted. 

3. SPD shall be UL labeled with a Nominal Discharge Current Rating (Inominal or In) of 20 

kA per mode for all modes, which is verifiable at UL.com for compliance to UL 96A 

Lightning Protection Master Label and NFPA 780. 

4. The Maximum Continuous Operating Voltage (MCOV) shall be as follows:  

 

http://www.surgesuppression.com/
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Nominal System Voltage Mode MCOV 

120/208 Wye and 

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

150 V 

300 V 

150 V 

150 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

320 V 

552-640 V 

320 V 

320 V 

480 Delta 
L-L 

L-G 

552 V 

552 V 

 

 

5. The SPD shall have UL 1449 latest edition, Voltage Protection Ratings (VPRs) as follows:  

 

Nominal System Voltage Mode VPR 

120/208 Wye and 

120/240 Split-Phase 

L-N 

L-L 

L-G 

N-G 

600 V 

1000 V 

600 V 

700 V 

277/480 Wye 

L-N 

L-L 

L-G 

N-G 

1200 V 

1800 V 

1200 V 

1200 V 

480 Delta 
L-L 

L-G 

1800 V 

1800 V 

 

6. Visual LED indicator lights for power and protection status including a minimum 

7. of one green LED indicator per phase, and one red service LED. 

8. Incorporate “True sine wave tracking or frequency responsive circuitry (FRC)” based on 

the results of the Category A (2 kV) Ring Wave Measured Limiting Voltages. Products 

utilizing basic EMI/RFI filter performance or tracking circuits in the L-N mode only are 

not allowed (see section 1.6 C and D of this specification for specific requirements).  

9. Permanently-mounted, parallel connected. 

10. Solid-state clamping components to limit the surge voltage and divert the surge current. 

SPD components that “crowbar” (e.g. spark gaps, gas tubes, SCR’s, etc.) are not allowed. 

11. Self-restoring and fully automatic. 

12. The SPD shall be tested and listed by a testing agency acceptable to authorities having 

jurisdiction, as a complete assembly to a symmetrical fault current rating greater than or 

equal to the available fault current at the location of installation at the connected panel, in 

accordance with NEC Article 285.6 and shall be marked with the short circuit current rating 

(SCCR). If the available fault current is unknown,  then the SCCR of the SPD shall be 200 

kAIC. 

13. Bi-directional, encapsulated, custom parallel and solid-state circuit configuration. 
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14. SPD system shall incorporate a minimum of 7 individual dedicated discrete modes of 

protection for three-phase Wye systems (3 x L-N, 3 x L-G 1 x N-G), or 6 individual 

dedicated discrete modes of protection for three-phase Delta systems (3 x L-L, 3 x L-G), 

or 5 individual dedicated discrete modes of protection for Split-Phase systems (2 x L-N, 2 

x L-G, 1 x N-G).  Reduced-Mode variations will not be accepted. 

15. Audible alarm, with diagnostic test function and silencing switch, to indicate when 

protection has failed. 

16. One set of dry contacts rated at a minimum of 60 W (from 30 VDC @ 2 A to 150 VDC @ 

0.4 A) or 100 VA (from 50 VAC @ 2 A to 220 VAC @ 0.45 A). 

2.5 SPECIAL SYSTEMS CONTROL AND DATA TERMINALS 

A.  Protector for fire alarm, copper control, data, antenna, and telephone conductors entering the 

building from the outside shall be as recommended by the manufacturer for the type of line being 

protected. 

 

PART 3 - EXECUTION 

3.1 INSTALLATION OF SURGE PROTECTIVE DEVICES 

 

A. Provide surge protective devices for the incoming service at the switchboard or service entrance 

equipment. 

 

B. Provide surge protective devices at the tele/data demark phone board or cabinet as close as 

possible to the incoming conduit and conductors. Provide surge suppression for all tele/data 

conductors that are run underground from one MDF/IDF to another. 

 

C. Provide surge protective devices at all fire alarm panels that connect to any fire alarm panel or 

device with underground conductors. 

 

D. Install surge protective devices at service entrance on load side, with ground lead bonded to 

service entrance ground. 

 

E. Install surge protective devices for panelboard and auxiliary panels per NEC 285.12 with 

conductors between surge protective device and points of attachment as short (less than 18") and 

straight as possible. Gently twist conductors together. Do not exceed manufacturer's 

recommended lead length. Do not bond neutral and ground. 
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F. At Service Entrance or Transfer Switch, the surge protective device shall include an integral  UL 

approved disconnect switch as a means of servicing disconnect if a 30 A breaker (or larger sized 

by manufacturer) is not available. 

 

G. Install surge protective devices for Distribution, MCC and Branch panelboards with conductors 

between suppressors and points of attachment as short and straight as possible. Do not exceed 

manufacturer’s recommended lead length. Do not bond neutral to ground. 

 

H. SPD shall have an independent means of servicing disconnect such that the protected panel 

remains energized. Provide a 30 Amp breaker (or larger sized by manufacturer) to serve this 

function. 

 

I. Installer may reasonably rearrange breaker locations to ensure short and straightest possible leads 

to SPDs. 

 

J. Before energizing, installer shall verify service and separately derived system Neutral to 

 Ground bonding jumpers per NEC. 

 

K. For surface mounted panel boards, associated surge protective device shall be surface 

L. mounted directly adjacent to the panel board with user access. For recessed mounted panel boards, 

associated surge protective devices shall be mounted recessed adjacent to the panel board with 

user access. Do not mount above 84 inches unless directed. 

M. Install the SPDs immediately adjacent to the switchboard or panelboard being protected. 

1. SPDs must be installed to a disconnecting switch or breaker rated for (minimum) 30-amps 

in the panel per manufacturer’s installation instructions to ensure a means of disconnecting 

the SPD from the service without de-energizing the panel or the connected loads.  The use 

of direct bus bar connected SPDs is expressly prohibited and will be rejected. 

2. Do not energize service entrance equipment or panelboards until SPDs are properly 

installed and connected. 

3. Do not perform insulation resistance tests of the distribution wiring equipment with the 

SPDs installed.  Disconnect all SPDs (all Phase, Neutral and  Ground connections) before 

conducting insulation resistance tests.  Reconnect immediately after the testing is over. 

3.2 CONNECTIONS 

A. A. 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 and UL 486B. 
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3.3 FIELD QUALITY CONTROL 

A. Field Service:  Electrical Contractor shall inspect, test, and adjust components, assemblies, and 

equipment installations, including connections to strictly comply with this specification. 

1. After installing surge protective devices, verify for compliance with manufacturer's written 

installation requirements and NEC requirements 

2. Complete startup checks according to manufacturer’s written instructions. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA ATS, 

Section 7.19, with the exclusion of Sections 7.19.1.B.2, 7.19.1.D.2, and 7.19.2.  Certify 

compliance with test parameters. 

4. If the SPD status and power LEDs are not illuminated, check the status of the power and 

connections.  For additional troubleshooting, contact the manufacturer. 

B.  If an SPD has expired, replace the SPD with the same model from the same manufacturer.  

Verify the system operation after the SPD is replaced. 

 

C. Manufacturer’s Field Service:  Engage a factory-authorized service representative to inspect field-

assembled components and equipment installation, including piping and electrical connections.  

Report results in writing. 

 

1. Verify that electrical wiring installation complies with manufacturer’s installation 

requirements. 

 

 

END OF SECTION 
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SECTION 26 51 00 - INTERIOR LIGHTING 

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. Interior lighting fixtures, lamps, and ballasts. 

2. Emergency lighting units. 

3. Exit signs. 

4. Lighting fixture supports. 

1.3 DEFINITIONS 

A. CCT:  Correlated color temperature. 

B. CRI:  Color-rendering index. 

C. LER:  Luminaire efficacy rating. 

D. Lumen:  Measured output of lamp and luminaire, or both. 

E. Luminaire:  Complete lighting fixture, including ballast housing if provided. 

1.4 SUBMITTALS 

1. Air and Thermal Performance Data:  For air-handling lighting fixtures.  Furnish data 

required in "Submittals" Article in Division 23 Section "Diffusers, Registers, and 

Grilles." 

2. Sound Performance Data:  For air-handling lighting fixtures.  Indicate sound power level 

and sound transmission class in test reports certified according to standards specified in 

Division 23 Section "Diffusers, Registers, and Grilles." 

3. Life, output (lumens, CCT, and CRI), and energy-efficiency data for lamps. 

4. Photometric data and adjustment factors based on laboratory tests, complying with 

IESNA Lighting Measurements Testing & Calculation Guides, of each lighting fixture 

type.  The adjustment factors shall be for lamps, ballasts, and accessories identical to 

those indicated for the lighting fixture as applied in this Project. 
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a. Testing Agency Certified Data:  For indicated fixtures, photometric data shall be 

certified by a qualified independent testing agency.  Photometric data for 

remaining fixtures shall be certified by manufacturer. 

b. Manufacturer Certified Data:  Photometric data shall be certified by a 

manufacturer's laboratory with a current accreditation under the National 

Voluntary Laboratory Accreditation Program for Energy Efficient Lighting 

Products. 

B. Shop Drawings:  For nonstandard or custom lighting fixtures.  Include plans, elevations, 

sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Installation instructions. 

D. 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: 

1. Lighting fixtures. 

2. Suspended ceiling components. 

3. Partitions and millwork that penetrate the ceiling or extends to within 12 inches of the 

plane of the luminaires. 

4. Ceiling-mounted projectors. 

5. Structural members to which suspension systems for lighting fixtures will be attached. 

6. Other items in finished ceiling including the following: 

a. Air outlets and inlets. 

b. Speakers. 

c. Sprinklers. 

d. Smoke and fire detectors. 

e. Occupancy sensors. 

f. Access panels. 

7. Perimeter moldings. 

E. Qualification Data:  For qualified agencies providing photometric data for lighting fixtures. 

F. Product Certificates:  For each type of ballast for bi-level and dimmer-controlled fixtures, from 

manufacturer. 

G. Field quality-control reports. 

H. Operation and Maintenance Data:  For lighting equipment and fixtures to include in emergency, 

operation, and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes. 

I. Warranty:  Sample of special warranty. 
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1.5 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications:  Provided by manufacturers' 

laboratories that are accredited under the National Volunteer Laboratory Accreditation Program 

for Energy Efficient Lighting Products. 

B. 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. 

C. Comply with NFPA 70. 

1.6 COORDINATION 

A. Coordinate layout and installation of lighting fixtures and suspension system with other 

construction that penetrates ceilings or is supported by them, including HVAC equipment, fire-

suppression system, and partition assemblies. 

1.7 WARRANTY 

A. Special Warranty for Emergency Lighting Batteries:  Manufacturer's standard form in which 

manufacturer of battery-powered emergency lighting unit agrees to repair or replace 

components of rechargeable batteries that fail in materials or workmanship within specified 

warranty period. 

1. Warranty Period for Emergency Lighting Unit Batteries:  10 years from date of 

Substantial Completion.  Full warranty shall apply for first year, and prorated warranty 

for the remaining nine years. 

2. Warranty Period for Emergency Fluorescent Ballast and Self-Powered Exit Sign 

Batteries:  7 years from date of Substantial Completion.  Full warranty shall apply for 

first year, and prorated warranty for the remaining six years. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, provide product indicated on Drawings  

2.2 GENERAL REQUIREMENTS FOR LIGHTING FIXTURES AND COMPONENTS 

A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures. 

B. 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. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled for 

indicated class and division of hazard by an NRTL. 

2. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled 

for indicated class and division of hazard by FM Global. 

3. UL Listing: Listed for damp location. 

4. Recessed luminaires shall comply with NEMA LE 4. 

5. User Replaceable Lamps: 

a. Bulb shape complying with ANSI C78.79. 

b. Lamp base complying with ANSI C81.61. 

C. CRI of minimum 80 . CCT of 3200 deg K. 

D. Rated lamp life of 50,000 hours to L70. 

E. Lamps dimmable from 100 percent to 10 percent of maximum light output. 

F. Internal driver. 

G. Nominal Operating Voltage: as noted 

1. Lens Thickness: At least 0.125 inch minimum unless otherwise indicated. 

H. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Locate labels 

where they will be readily visible to service personnel, but not seen from normal viewing angles 

when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter, shape, size, wattage, and coating. 

c. CCT and CRI for all luminaires. 

I. Metal Parts:  Free of burrs and sharp corners and edges. 

J. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent 

warping and sagging. 

K. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under 

operating conditions, and designed to permit relamping without use of tools.  Designed to 

prevent doors, frames, lenses, diffusers, and other components from falling accidentally during 

relamping and when secured in operating position. 

L. Diffusers and Globes: 

1. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  High resistance to 

yellowing and other changes due to aging, exposure to heat, and UV radiation. 

a. Lens Thickness:  At least 0.125 inch minimum unless otherwise indicated. 

b. UV stabilized. 

2. Glass:  Annealed crystal glass unless otherwise indicated. 
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M. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  

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. 

1. Label shall include the following lamp and ballast characteristics: 

a. "USE ONLY" and include specific lamp type. 

b. Lamp diameter code (T-4, T-5, T-8, T-12, etc.), tube configuration (twin, quad, 

triple, etc.), base type, and nominal wattage for fluorescent and compact 

fluorescent luminaires. 

c. Lamp type, wattage, bulb type (ED17, BD56, etc.) and coating (clear or coated) for 

HID luminaires. 

d. Start type (preheat, rapid start, instant start, etc.) for fluorescent and compact 

fluorescent luminaires. 

e. ANSI ballast type (M98, M57, etc.) for HID luminaires. 

f. CCT and CRI for all luminaires. 

N. Drivers for Dimmer-Controlled Lighting Fixtures:  Electronic type. 

1. Dimming Range:  100 to 10 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 the ballast, 

controller, and connecting wiring are compatible. 

2.3 EMERGENCY POWER UNIT 

A. Internal Type:  Self-contained, modular, battery-inverter unit, factory mounted within lighting 

fixture body and compatible with ballast.  Comply with UL 924. 

1. Emergency Connection:  Operate lamp(s) continuously. Connect unswitched circuit to 

battery-inverter unit and switched circuit to fixture ballast. 

2. Test Push Button and Indicator Light:  Visible and accessible without opening fixture or 

entering ceiling space. 

a. Push Button:  Push-to-test type, in unit housing, simulates loss of normal power 

and demonstrates unit operability. 

b. Indicator Light:  LED indicates normal power on.  Normal glow indicates trickle 

charge; bright glow indicates charging at end of discharge cycle. 

3. Battery:  Sealed, maintenance-free, nickel-cadmium type. 

4. Charger:  Fully automatic, solid-state, constant-current type with sealed power transfer 

relay. 

5. Remote Test:  Switch in hand-held remote device aimed in direction of tested unit 

initiates coded infrared signal.  Signal reception by factory-installed infrared receiver in 

tested unit triggers simulation of loss of its normal power supply, providing visual 

confirmation of either proper or failed emergency response. 

6. Integral Self-Test:  Factory-installed electronic device automatically initiates code-

required test of unit emergency operation at required intervals.  Test failure is 

annunciated by an integral audible alarm and a flashing red LED. 
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2.4 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. Internally Lighted Signs: 

1. Lamps for AC Operation:  LEDs, 50,000 hours minimum rated lamp life. 

2. Self-Powered Exit Signs (Battery Type):  Integral automatic charger in a self-contained 

power pack. 

a. Battery:  Sealed, maintenance-free, nickel-cadmium type. 

b. Charger:  Fully automatic, solid-state type with sealed transfer relay. 

c. Operation:  Relay automatically energizes lamp from battery when circuit voltage 

drops to 80 percent of nominal voltage or below.  When normal voltage is restored, 

relay disconnects lamps from battery, and battery is automatically recharged and 

floated on charger. 

d. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal 

power and demonstrates unit operability. 

e. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle 

charge; bright glow indicates charging at end of discharge cycle. 

f. Remote Test:  Switch in hand-held remote device aimed in direction of tested unit 

initiates coded infrared signal.  Signal reception by factory-installed infrared 

receiver in tested unit triggers simulation of loss of its normal power supply, 

providing visual confirmation of either proper or failed emergency response. 

2.5 EMERGENCY LIGHTING UNITS 

A. General Requirements for Emergency Lighting Units:  Self-contained units complying with 

UL 924. 

1. Battery:  Sealed, maintenance-free, lead-acid type. 

2. Charger:  Fully automatic, solid-state type with sealed transfer relay. 

3. Operation:  Relay automatically turns lamp on when power-supply circuit voltage drops 

to 80 percent of nominal voltage or below.  Lamp automatically disconnects from battery 

when voltage approaches deep-discharge level.  When normal voltage is restored, relay 

disconnects lamps from battery, and battery is automatically recharged and floated on 

charger. 

4. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and 

demonstrates unit operability. 

5. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; 

bright glow indicates charging at end of discharge cycle. 

6. Wire Guard:  Heavy-chrome-plated wire guard protects lamp heads or fixtures. 

7. Integral Self-Test:  Factory-installed electronic device automatically initiates code-

required test of unit emergency operation at required intervals.  Test failure is 

annunciated by an integral audible alarm and a flashing red LED. 
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2.6 LIGHTING FIXTURE SUPPORT COMPONENTS 

A. Comply with Division 26 Section "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 

same as fixture.Unless noted otherwise. 

C. Twin-Stem Hangers:  Two, 1/2-inch steel tubes with single canopy designed to mount a single 

fixture.  Finish same as fixture. 

D. Wires:  ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage . 

E. Wires for Humid Spaces:  ASTM A 580/A 580M, Composition 302 or 304, annealed stainless 

steel, 12 gage 

F. Rod Hangers:  3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 

G. Hook Hangers:  Integrated assembly matched to fixture and line voltage and equipped with 

threaded attachment, cord, and locking-type plug. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Lighting fixtures: 

1. Set level, plumb, and square with ceilings and walls unless otherwise indicated. 

2. Install lamps in each luminaire. 

B. Temporary Lighting:  If it is necessary, and approved by Architect, to use permanent luminaires 

for temporary lighting, install and energize the minimum number of luminaires necessary.  

When construction is sufficiently complete, remove the temporary luminaires, disassemble, 

clean thoroughly, install new lamps, and reinstall. 

C. Remote Mounting of drivers:  Distance between the driver and fixture shall not exceed that 

recommended by ballast manufacturer.  Verify, with ballast manufacturers, maximum distance 

between ballast and luminaire. 

D. Lay-in Ceiling Lighting Fixtures Supports:   

1. Support Clips:  Fasten to lighting fixtures and to ceiling grid members at or near each 

fixture corner with clips that are UL listed for the application. 

2. Fixtures of Sizes Less Than Ceiling Grid:  Install as indicated on reflected ceiling plans 

or center in acoustical panel, and support fixtures independently with at least two 3/4-

inch metal channels spanning and secured to ceiling tees. 
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3. Install at least two independent support wire from structure to a tab on lighting fixture at 

diagonal corners.  Wire or rod shall have breaking strength of the weight of fixture at a 

safety factor of 3. 

E. Suspended Lighting Fixture Support: 

1. Pendants and Rods:  Where longer than 48 inches, brace to limit swinging. 

2. Stem-Mounted, Single-Unit Fixtures:  Suspend with twin-stem hangers. 

3. Continuous Rows:  Use tubing or stem for wiring at one point and tubing or rod for 

suspension for each unit length of fixture chassis, including one at each end. 

4. Do not use grid as support for pendant luminaires.  Connect support wires or rods to 

building structure. 

F. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 

and Cables." 

3.2 IDENTIFICATION 

A. Install labels with panel and circuit numbers on concealed junction and outlet boxes.  Comply 

with requirements for identification specified in Division 26 Section "Identification for 

Electrical Systems." 

3.3 FIELD QUALITY CONTROL 

A. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.  Verify 

transfer from normal power to battery and retransfer to normal. 

B. Verify that self-luminous exit signs are installed according to their listing and the requirements 

in NFPA 101. 

C. 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. 

3.4 STARTUP SERVICE 

A. Burn-in all lamps that require specific aging period to operate properly, prior to occupancy by 

Owner.   

3.5 ADJUSTING 

A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 

provide on-site assistance in adjusting aimable luminaires to suit actual occupied conditions.  

Provide up to one visit to Project during other-than-normal occupancy hours for this purpose.  

Some of this work may be required after dark. 
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1. Adjust aimable luminaires in the presence of Architect. 

END OF SECTION 26 51 00 
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SECTION 26 80 00 

AUXILIARY SYSTEMS 

 

 
PART 1 - GENERAL 

 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

 
1.2 SUMMARY 

 
A. This section includes fire alarm systems, carbon monoxide systems and alerting system. 

 
B. All systems specified herein shall be supplied and maintained by electronic system supplier 

with a minimum of 10 years experience on all specified systems. 

 
C. Electronic system supplier shall be an authorized distributor of all supplied systems. A sub- 

contractor shall not be used to meet these requirements. 

 
1.3 SUBMITTALS 

 
A. Product Data: For each system supplied. 

 
1. Wiring Diagrams: Detail wiring and differentiate between manufacturer-installed and 

field-installed wiring. Include diagrams for equipment and for system with all terminals 
and interconnections identified. 

2. System Operation Description: Detailed description for this Project, including method of 
operation of each type of system and sequence of operations. Manufacturer's standard 
descriptions for generic systems are not acceptable. 

 
B. Product Certificates: Signed by manufacturers of system components certifying that products 

furnished comply with requirements. 

 
C. Installer Certificates: Signed by manufacturer certifying that installers comply with 

requirements. 

 
D. Field Test Reports: Indicate and interpret test results for compliance with performance 

requirements. Comply with NFPA 72. 

 
E. Maintenance Data: For all Systems. 

 
F. Certificate of Completion: For all Systems. 

 
PART 2 - PRODUCTS 
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2.1 COMPUTER, TELEPHONE, AND CATV ROUGH-IN 
 

A. General 

 
1. Provisions for computer/phone outlets 

 
a. Wall outlets shall be installed 18 inches above finished floor (except where 

indicated to be otherwise) and shall consist of two gang flush wall box with single 
gang frame in drywall or single gang box in masonry. Install Cat 6 connector. 

b. From outlets, extend 3/4" EMT to an accessible ceiling space with plastic end 
bushing. Install Cat 6 plenum rated cable to patch panel in I.T room. Cat 6 cable 
shall be tested and certified Cat 6 compliant. 

 
2. Provisions for CATV Outlets 

 

a. Rough in of Outlets for CATV shall be furnished and installed with requirements 
same as specified for computer with 1" EMT in lieu of 3/4” EMT. Install F connector 
at room end. Install coax connector at I.T. room end. Coil 30 foot of conductor in 
I.T. room above plywood board for connection by cable company. 

b. CATV system wiring  is  included  in  this  work.  RG-Quad  6/U,  Indoor  Cable:  
No. 16 AWG, solid, copper-covered steel  conductor; gas-injected foam-PE 
insulation. Double shielded with 100 percent aluminum-foil shield, 60 percent 
aluminum braid. Jacketed with black PVC or PE. Suitable for indoor installations; 
NFPA 70, Type CATV. install cable from outlet to termination board in basement 
I.T room. Install terminal each end. Plenum Rated 

 
 

3. Provision for telephone. 
 

a. Outlets for phone shall be furnished and installed with requirements same as 
computer with RJ45 connector. Install Cat 6 telephone cable to patch panel in I.T 
room. Plenum rated. 

 
 

2.4 STATION ALERT SYSTEM 
 

A.  
a. MANUFACTURER: Honeywell – see drawings for more 

information. 
 

 
 

END OF SECTION 26 08 00 
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SECTION 31 23 16 

EXCAVATION 

PART 1   GENERAL 

Note:  the geotechnical report shall be considered part of these specifications.  The contractor is 

responsible for obtaining a copy of the report which shall be used as the basis for construction means 

and methods. 

1.01 SECTION INCLUDES 

A. Excavating for footings, slabs-on-grade, paving, site structures, and utilities within the building. 

1.02 RELATED REQUIREMENTS 

A. Section 01 7000 - Execution and Closeout Requirements:  General requirements for 
dewatering of excavations and water control. 

B. Section 31 2200 - Grading:  Soil removal from surface of site. 

C. Section 31 2200 - Grading:  Grading. 

D. Section 31 2323 - Fill:  Fill materials, filling, and compacting. 

E. Section 31 2316.13 - Trenching:  Excavating for utility trenches outside the building to utility 
main connections. 

F. Section 33 4600 - Subdrainage:  Filter aggregate and filter fabric for foundation drainage 
systems. 

G. Section 01575 - Temporary Erosion and Sedimentation Control:  Slope protection and erosion 
control. 

1.03 PRICE AND PAYMENT PROCEDURES 

A. See Section 01 2200 - Unit Prices, for general requirements applicable to unit prices for 
excavation. 

B. Excavating Soil Materials: 

1. Measurement method:  By the cubic yard. 

2. Includes:   Excavating to required elevations, loading and removing from site. 

3. Does Not Include Over-Excavation:  Payment will not be made for over-excavated work nor 
for replacement materials. 

C. See Section 31 2323 - Fill, for measurement and payment provisions related to fill. 

1.04 PROJECT CONDITIONS 

A. Verify that survey bench mark and intended elevations for the Work are as indicated. 

B. Protect plants, lawns, trees, and other features to remain. 

C. Protect bench marks, survey control points, existing structures, fences, sidewalks, paving, and 
curbs from excavating equipment and vehicular traffic. 

PART 2   PRODUCTS - NOT USED 

PART 3   EXECUTION 

3.01 PREPARATION 

A. Identify required lines, levels, contours, and datum locations. 

B. See Section 312200 for additional requirements. 

3.02 EXCAVATING 

A. Excavate to accommodate new structures and construction operations. 

B. Notify Architect of unexpected subsurface conditions and discontinue affected Work in area 
until notified to resume work. 

C. Slope banks of excavations deeper than 4 feet to angle of repose or less until shored. 
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D. Do not interfere with 45 degree bearing splay of foundations. 

E. Cut utility trenches wide enough to allow inspection of installed utilities. 

F. Hand trim excavations.  Remove loose matter. 

G. Correct areas that are over-excavated and load-bearing surfaces that are disturbed;  see 
Section 31 2323. 

H. Grade top perimeter of excavation to prevent surface water from draining into excavation. 

I. Remove excavated material that is unsuitable for re-use from site. 

J. Stockpile excavated material to be re-used in area designated on site in accordance with 
Section 31 2200.  Limited area on-site may require excavated materials to be hauled off in 
some instances and should be coordinated with construction manager. 

K. Remove excess excavated material from site. 

3.03 FIELD QUALITY CONTROL 

A. See Section 01 4000 - Quality Requirements, for general requirements for field inspection and 
testing. 

B. Provide for visual inspection of load-bearing excavated surfaces before placement of 
foundations. 

3.04 PROTECTION 

A. Prevent displacement of banks and keep loose soil from falling into excavation; maintain soil 
stability. 

B. Protect bottom of excavations and soil adjacent to and beneath foundation from freezing. 

END OF SECTION 
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SECTION  32 11 23 

AGGREGATE BASE COURSES 

PART 1   GENERAL 

1.01 SECTION INCLUDES 

A. Aggregate base course. 

1.02 RELATED REQUIREMENTS 

A. Section 31 2200 - Grading:  Preparation of site for base course. 

B. Section 31 2316.13 - Trenching:  Compacted fill over utility trenches under base course. 

C. Section 31 2323 - Fill:  Topsoil fill at areas adjacent to aggregate base course. 

D. Section 31 2323 - Fill:  Compacted fill under base course. 

F. Section 32 1216 - Asphalt Paving:  Binder and finish asphalt courses. 

G. Section 32 1313 - Concrete Paving:  Finish concrete surface course. 

H. Section 33 4600 - Subdrainage:  Filter aggregate and filter fabric for foundation drainage systems. 

1.03 PRICE AND PAYMENT PROCEDURES 

A. See Section 01 2200 - Unit Prices, for general requirements applicable to unit prices for earthwork. 

B. Coarse Aggregate:  By the cubic yard.  Includes supplying aggregate material, stockpiling, 
scarifying substrate surface, placing, and compacting. 

C. Fine Aggregate:  By the cubic yard.  Includes supplying aggregate material, stockpiling, scarifying 
substrate surface, placing where required, and compacting. 

1.04 REFERENCE STANDARDS 

A. AASHTO M 147 - Standard Specification for Materials for Aggregate and Soil-Aggregate Subbase, 
Base and Surface Courses; American Association of State Highway and Transportation Officials; 
1965 (2004). 

B. AASHTO T 180 - Standard Specification for Moisture-Density Relations of Soils Using a 4.54 kg 
(10-lb) Rammer and a 457 mm (18 in.) Drop; American Association of State Highway and 
Transportation Officials; 2009. 

C. ASTM C 136 - Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates; 2006. 

D. ASTM D 698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)); 2007. 

E. ASTM D 1556 - Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-
Cone Method; 2007. 

F. ASTM D 1557 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbf/ft3 (2,700 kN m/m3)); 2009. 

G. ASTM D 2167 - Standard Test Method for Density and Unit Weight of Soil in Place by the Rubber 
Balloon Method; 2008. 

H. ASTM D 2487 - Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil 
Classification System); 2006. 

I. ASTM D 3017 - Standard Test Method for Water Content of Soil and Rock in Place by Nuclear 
Methods (Shallow Depth); 2005. 

J. ASTM D 4318 - Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils; 
2005. 

K. ASTM D 6938 - Standard Test Method for In-Place Density and Water Content of Soil and Soil-
Aggregate by Nuclear Methods (Shallow Depth); 2010. 
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1.05 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 

B. Samples:  10 lb (4.5 kg) sample of each type of aggregate; submit in air-tight containers to testing 
laboratory. 

C. Materials Sources:  Submit name of imported materials source. 

D. Aggregate Composition Test Reports:  Results of laboratory tests on proposed and actual 
materials used. 

E. Compaction Density Test Reports. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. When necessary, store materials on site in advance of need. 

B. When aggregate materials need to be stored on site, locate stockpiles where indicated. 

1. Separate differing materials with dividers or stockpile separately to prevent intermixing. 

2. Prevent contamination. 

3. Protect stockpiles from erosion and deterioration of materials. 

PART 2   PRODUCTS 

2.01 MATERIALS 

A. Type 5 Aggregate conforming to Missouri Department of Transportation Standards  

B. Geotextile Fabric:  Geotextiles shall be in accordance with the physical and chemical requirements 
of AASHTO M 288 for the specified application, except as modified in this specification.   

2.02 SOURCE QUALITY CONTROL 

A. See Section 01 4000 - Quality Requirements, for general requirements for testing and analysis of 
aggregate materials. 

B. Where aggregate materials are specified using ASTM D 2487 classification, test and analyze 
samples for compliance before delivery to site. 

C. Where aggregate materials are specified using ASTM D 2487 classification, testing of samples for 
compliance will be provided before delivery to site. 

D. If tests indicate materials do not meet specified requirements, change material and retest. 

E. Provide materials of each type from same source throughout the Work. 

PART 3   EXECUTION 

3.01 EXAMINATION 

A. Verify that survey bench marks and intended elevations for the work are as indicated. 

B. Verify substrate has been inspected, gradients and elevations are correct, and is dry. 

3.02 PREPARATION 

A. Correct irregularities in substrate gradient and elevation by scarifying, reshaping, and re-
compacting. 

B. Do not place aggregate on soft, muddy, or frozen surfaces. 

3.03 INSTALLATION 

A. Under Bituminous Concrete Paving: 

1. Place aggregate base to a total compacted thickness as indicated on the plan details. 

2. Compact to 100 percent of maximum dry density. 

B. Under Portland Cement Concrete Paving: 

1. Place coarse aggregate to a total compacted thickness as indicated on the plan details. 

2. Compact to 100 percent of maximum dry density. 

C. Place aggregate in maximum 4 inch layers and roller compact to specified density. 
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D. Level and contour surfaces to elevations and gradients indicated. 

E. Add small quantities of fine aggregate to coarse aggregate as appropriate to assist compaction. 

F. Add water to assist compaction.  If excess water is apparent, remove aggregate and aerate to 
reduce moisture content. 

G. Use mechanical tamping equipment in areas inaccessible to compaction equipment. 

H. Apply herbicide to finished surface. 

3.04 TOLERANCES 

A. Flatness:  Maximum variation of 1/4 inch measured with 10 foot straight edge. 

B. Scheduled Compacted Thickness:  Within 1/4 inch. 

C. Variation From Design Elevation:  Within 1/2 inch. 

3.05 FIELD QUALITY CONTROL 

A. See Section 01 4000 - Quality Requirements, for general requirements for field inspection and 
testing. 

B. Compaction density testing will be performed on compacted aggregate base course in accordance 
with ASTM D1556. 

C. Results will be evaluated in relation to compaction curve determined by testing uncompacted 
material in accordance with ASTM D 698 ("standard Proctor"). 

D. If tests indicate work does not meet specified requirements, remove work, replace and retest. 

E. Frequency of Tests:  Refer to Geotechnical Report. 

F. Proof roll compacted aggregate at surfaces that will be under slabs-on-grade. 

3.06 CLEANING 

A. Leave unused materials in a neat, compact stockpile. 

B. Remove unused stockpiled materials, leave area in a clean and neat condition.  Grade stockpile 
area to prevent standing surface water. 

C. Leave borrow areas in a clean and neat condition.  Grade to prevent standing surface water. 

END OF SECTION 
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SECTION 32 13 13 

CONCRETE PAVING 

PART 1   GENERAL 

1.01  RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to work of this section. 

1.02 SUMMARY 

A. Extent of portland cement concrete paving is shown on Drawings, including curbs, gutters, walkways, 

and pavement. 

1. Related Sections:  The following sections contain requirements that relate to this Section. 

2. Section 31 22 00 - "Grading" for subbase preparation. 

3. Section 33 41 11 - "Storm Utility Drainage Piping" for drainage structures and underdrains. 

1.03 SUBMITTALS 

A. Shop Drawings:  Layout of concrete pavement score lines and expansion joints. 

B. Test Reports:  All test reports required by this section and referenced related sections. 

C. Certification:  Written "Certificate of Compliance", signed by Contractor, that all concrete paving and 

curb materials and products, to be used on this project will comply with Standards referenced in the 

Specifications. 

1.04 QUALITY ASSURANCE 

A. Codes and Standards:  Comply with local codes if more stringent than herein specified.  Comply with 

State Department of Transportation's standard specifications, except as otherwise specified herein. 

B. Do not change source of brands of cement and aggregate materials during course of the work. 

C. Maintain accurate field records of time, date of placing, curing and removal of forms for concrete 

work in each portion of the work. 

1.05 DELIVERY, STORAGE AND HANDLING 

A. Store decorative exposed aggregate in segregated area to prevent mixing with foreign materials. 

B. Deliver curing materials, admixtures, and retarders in manufacturer's standard, unopened containers 

with labels legible and intact.  Store and protect from freezing and damage. 

1.06 PROJECT CONDITIONS 

A. Establish and maintain required lines and grade elevations. 

B. Do not install concrete work over wet, saturated, muddy or frozen subgrade. 

C. Protect adjacent work. 

D. Provide temporary barricades, warning lights and signs as required for protection of work and public 

safety. 

1.07 COOPERATION 

A. Examine Drawings and Specifications for all Contracts, to determine nature of proposed 

construction.  Perform work to conform with construction called for in such a manner as not to 

interfere or delay work of other Contractors. 

PART 2   PRODUCTS 

2.01 MATERIALS 

A. Forms:  Steel, wood, or other suitable material of sufficient size and strength to resist movement 

during concrete placement and to retain horizontal and vertical alignment until removal.  Use straight 

forms, free of distortion, defects and of height equal to full depth of concrete work. 

1. Use flexible spring steel forms or laminated boards to form radius bends as required. 
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B. Coat forms with a nonstaining form release agent that will not discolor or deface surface of concrete. 

C. Welded Wire Mesh:  Welded plain cold-drawn steel wire fabric, ASTM A 185.  Refer to Division 3 

Section "Concrete Reinforcing". 

1. Furnish in flat sheets, not rolls, unless otherwise acceptable to Architect. 

D. Joint Dowel Bars:  Plain steel bars, ASTM A 615,Grade 60.  Cut bars true to length with ends square 

and free of burrs. 

E. Hook Bolts:  ASTM A 307, Grade A bolts, internally and externally threaded.  Design hook bolt joint 

assembly to hold coupling against pavement form and in position during concreting operations, and 

to permit removal without damage to concrete or hook bolt. 

F. Concrete Materials:  Comply with requirements of applicable Division 3 sections for concrete 

materials, admixtures, bonding materials, curing materials, and others as required. 

1. Minimum compressive strength of 4000 psi at 28 days, 6 percent (plus or minus 1 percent) air 

entrained unless otherwise indicated. 

G. Expansion Joint Materials;  Comply with requirements of the following for preformed expansion joint 

fillers and sealers: 

1. Fillers:  Preformed expansion joint fillers conforming to ASTM D-1752, 1/2" thickness.  Filler 

material(s) selected must be compatible with sealant(s) to be used when applicable, and suitable 

for intended use. 

2. Sealants:  Meeting requirements of ASTM C920, Type M, Grade P or NS as required by 

application, Class 25, Use T, Color:  gray, unless otherwise indicated. 

H. Antispalling Compound:  Combination of boiled linseed oil and mineral spirits, complying with 

AASHTO M-223. 

I. Liquid-Membrane Forming and Sealing Curing Compound:  Comply with ASTM C 309, Type I, Class 

A unless other type acceptable to Architect.  Mixture loss no more than 0.055 gr./sq. cm. when 

applied at 200 sq. ft./gal. 

1. Available Products:  Subject to compliance with requirements, products which may be 

incorporated in the work include, but are not limited to, the following: 

a. "Masterseal"; Master Builders. 

b. "A-H 3 Way Sealer"; Anti-Hydro Waterproofing Co. 

c. "Ecocure"; Euclid Chemical Co. 

d. "Clear Seal"; A.C. Horn. 

e. "J-20 Acrylic Cure"; Dayton Superior. 

f. "Sure Cure"; Kaufman Products Inc. 

g. "AR-30"; W.R. Meadows. 

h. "Spartan-Cote"; The Burke Co. 

i. "Sealkure"; Toch Div. - Carboline. 

j. "Kure-N-Seal"; Sonneborn-Contech. 

k. "Polyclear"; Upco Chemical/USM Corp. 

l. "L&M Cure; L & M Construction Chemicals. 

m. "Klearseal"; Setcon Industries. 

n. "LR-152; Protex Industries. 

o. "Hardtop"; Gifford - Hill. 

J. Bonding Compound:  Polyvinyl acetate or acrylic base, rewettable type. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. "J-40 Bonding Agent"; Dayton Superior Corp. 

b. "Weldcrete"; Larsen Products. 

c. "Intralok"; W.R. Meadows. 

d. "Everbond"; L & M Contruction Chemicals. 

e. "Eucoweld"; Euclid Chemical Co. 

f. "Hornweld"; A. C. Horn. 
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g. "Sonocrete"; Sonneborn-Contech. 

h. "Acrylic Bondcrete"; The Burke Co. 

K. Epoxy Adhesive:  ASTM C 881, 2-component material suitable for use on dry or damp surfaces.  

Provide material "Type", "Grade", and "Class" to suit project requirements. 

1. Available Products:  Subject to compliance with requirements, products which may be 

incorporated in the work, include, but are not limited to the following: 

a. "Epoxtite", A. C. Horn. 

b. "Edoco 2118 Epoxy Adhesive"; Edoco Technical Prod. 

c. "Sikadur Hi-Mod"; Sika Chemical Co. 

d. "Euco Epoxy 463 or 615"; Euclid Chemical Co. 

e. "Patch and bond Epoxy"; The burke Co. 

f. "Sure-Poxy"; Kaufman Products Inc. 

PART 3   EXECUTION 

3.01 SUBGRADE PREPARATION:  REFER TO SECTION "EARTHWORK". 

3.02 FOUNDATION COURSE PLACEMENT:  PAVEMENT AND WALKS/PADS 

A. Place and roll in accordance Missouri Department of Transportation Standards. 

B. Place on dry subgrade in lifts from minimum 6" to maximum 12" for pavement, maximum 6" lifts for 

walks.  Remove all subgrade material churned or mixed with foundation course and replace as 

necessary at Contractor's expense. 

C. Compaction for foundation course shall be 100 percent of standard proctor maximum density. 

D. Grades for foundation course shall be ± .25" of required grades. 

3.03 FORM CONSTRUCTION 

A. Set forms to required grades and lines, braced and secured.  Install forms to allow continuous 

progress of work and so that forms can remain in place at least 24 hours after concrete placement. 

1. Check completed form work for grade and alignment to following tolerances: 

a. Top of forms not more than 1/8 inch in 10 feet. 

b. Vertical face on longitudinal axis, not more than 1/4 inch in 10 feet. 

2. Clean forms after each use and coat with form release agent as required to ensure separation 

from concrete without damage. 

3.04 REINFORCMENT 

A. Locate, place, and support reinforcement as specified in Division 3 sections, unless otherwise 

indicated. 

1. Install slip bars at all expansion joints.  

3.05 CONCRETE PLACEMENT 

A. General:  Comply with requirements of Division 3 sections for mixing and placing concrete, and as 

herein specified. 

B. Do not place concrete until subbase and forms have been checked for line and grade.  Moisten 

subbase if required to provide a uniform dampened condition at time concrete is placed.  Do not 

place concrete around manholes or other structures until they are at required finish elevation and 

alignment. 

C. Place concrete by methods that prevent segregation of mix.  Consolidate concrete along face of 

forms and adjacent to transverse joints with internal vibrator.  Keep vibrator away from joint 

assemblies, reinforcement, or side forms.  Use only square-faced shovels for hand-spreading and 

consolidation.  Consolidate with care to prevent dislocation of reinforcing, dowels, and joint devices. 

D. Use bonding agent at locations where fresh concrete is placed against hardened or partially 

hardened concrete surfaces. 

E. Deposit and spread concrete in a continuous operation between transverse joints as far as possible.  
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If interrupted for more than 1/2 hour, place a construction joint. 

3.06 JOINTS 

A. General:  Construct expansion, weakened-plane (contraction), and construction joints true to line with 

face perpendicular to surface of concrete.  Construct transverse joints at right angles to the center 

line, unless otherwise indicated. 

1. When joining existing structures, place transverse joints to align with previously placed joints, 

unless otherwise indicated. 

B. Weakened-Plane (Contraction) Joints:  Provide weakened-plane (contraction) joints, sectioning 

concrete into areas as shown on drawings.  Construct weakened-plane joints for a depth equal to at 

least 1/4 concrete thickness, as follows: 

1. Tooled Joints:  Form weakened-plane joints in fresh concrete by grooving top portion with a 

recommended cutting tool and finishing edges with a jointer. 

2. Sawed Joints:  Form weakened-plane joints with powered saws equipped with shatterproof 

abrasive or diamond-rimmed blades.  Cut joints into hardened concrete as soon as surface will 

not be torn, abraded, or otherwise damaged by cutting action. 

3. Inserts:  Use embedded strips of metal or sealed wood to form weakened-plane joints.  Set strips 

into plastic concrete and carefully remove strips after concrete has hardened. 

C. Walks/Pads:  Score joints at approximately 5 ft. on center or matching width of walk, unless 

otherwise noted on Plans.  Use tool that produces "V" joint not over 1/4" wide. 

D. Concrete Curbs:  Score joints at approximately 5 ft. on center matching, as closely as possible, 

abutting walk joints.  Use tool that produces "V" joint not over 1/4" wide. 

E. Construction Joints:  Place construction joints at end of placements and at locations where 

placement operations are stopped for more than 1/2 hour, except where such placements terminate 

at expansion joints. 

1. Construct joints as shown or, if not shown, use standard metal keyway-section forms. 

2. Where load transfer-slip dowel devices are used, install so that one end of each dowel bar is free 

to move. 

F. Expansion Joints:  Provide pre-molded joint filler for expansion joints abutting concrete curbs, catch 

basins, manholes, inlets, structures, walks, and other fixed objects, unless otherwise indicated. 

1. Locate expansion joints in step construction where indicated on Drawings. 

2. Locate expansion joints at maximum intervals of 15 ft. on center and at all beginnings and ends 

of radius at curbs.  Match abutting walk expansion joints as much as possible. 

3. Locate expansion joints at a maximum of every 225 sq. ft. of drive/pads with a minimum 

dimension one way between joints of 10 lin. ft. 

4. Locate expansion joints at a maximum of 150 sq. ft. of walks/pads, except that maximum 

dimensions between joints in a linear walk to be no more than 15 ft. 

G. Extend joint fillers full width and depth of joint, not less than 1/2 inch or more than 1 inch below 

finished surface where joint sealer is indicated.  If no joint sealer, place top of joint filler flush with 

finished concrete surface. 

H. Furnish joint fillers in one-piece lengths for full width being placed wherever possible.  Where more 

than one length is required, lace or clip joint filler sections together. 

I. Protect top edge of joint filler during concrete placement with a metal cap or other temporary 

material.  Remove protection after concrete has been placed on both sides of joint. 

J. Fill joint, with sealant, flush with top surfaces and tool concave, unless otherwise indicated. 

K. Fillers and Sealants:  Comply with requirements of applicable Division 7 sections for preparation of 

joints, materials, installation, and performance. 

3.07 FIELD QUALITY CONTROL 

A. Provide field quality control testing and inspection during concrete operations. 
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B. Contractor shall provide adequate notice, cooperate with, provide access to the work, obtain 

samples, and assist test agency and their representatives in execution of their function. 

C. Testing 

1. Provide slump test on first load of concrete delivered each day and whenever requested due to 

changes in consistency or appearance of concrete. 

2. Provide air indicator tests and air meter tests for all air-entrained concrete. 

a. Perform air indicator test with a "Chase" AE 35 or equal air indicator, and air meter test in 

accordance with ASTM C231 or C173.  Test first load of concrete delivered each day. 

b. Furnish copies of field records and test reports as listed for strength tests. 

3. Strength testing: 

a. Provide 1 set of 3 test specimens for each 50 cu. yd. placed in any one day.  Secure 

samples in accordance with ASTM C172 and mold specimens in accordance with ASTM 

C31. 

b. Test 1 specimen at 7 days and 2 specimens at 28 days in accordance with ASTM C39. 

c. Furnish copies of field records and test reports as follows: 

    (1) 2 copies to Architect 

    (2) 1 copy to Contractor 

    (3) 1 copy to Ready Mix Supplier 

    (4) 1 copy to Engineer 

    d. Record the exact location of the concrete in the work 

represented by each set of cylinders and show on test reports. 

e. Provide an insulated moist box for protection of the test cylinders until shipped to the 

laboratory. 

D. Finishing and Sealing - See Division 3.  Screed to grade and wood float, edge all sides, fine broom 

finish (except where otherwise indicated) and seal. 

3.08 CONCRETE FINISHING 

A. After striking-off and consolidating concrete, smooth surface by screeding and floating. Use hand 

methods only where mechanical floating is not possible.  adjust floating to compact surface and 

produce uniform texture. 

B. After floating, test surface for trueness with a 10-ft. straightedge.  Distribute concrete as required to 

remove surface irregularities, and refloat repaired areas to provide a continuous smooth finish. 

C. Work edges of slabs, gutters, back top edge of curb, and formed joints with an edging tool, and round 

to 1/2-inch radius, unless otherwise indicated.  Eliminate tool marks on concrete surface. 

D. After completion of floating and when excess moisture or surface sheen has disappeared, complete 

troweling and finish surface as follows: 

1. All flat work to receive a fine broom finish by drawing a fine-hair broom across concrete surface 

perpendicular to line of traffic  Repeat operation if required to provide a fine line texture 

acceptable to Architect. 

a. On inclined slab surfaces, provide a coarse, non-slip finish by scoring surface with a stiff-

bristled broom perpendicular to line of traffic. 

2. Burlap finish by dragging a seamless strip of damp burlap across concrete, perpendicular to line 

of traffic.  Repeat operation to provide a gritty texture acceptable to Architect. 

3.09 CURING 

A. Protect and cure finished concrete paving in compliance with applicable requirements of Division 3 

sections.  Use membrane-forming curing and sealing compound or approved moist-curing methods. 

B. Antispalling Treatment:  Apply treatment where required to concrete surfaces no sooner than 28 

days after placement, to clean, dry concrete free of oil, dirt, and other foreign material.  Apply curing 

and sealing compound at a maximum coverage rate of 300 s.f. per gallon.  Apply antispalling 

compound in 2 sprayed applications.  First application at rate of 40 sq. yds. per gal.; second 
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application, 60 sq. yds. per gallon.  Allow complete drying between applications. 

3.10 PAINTING OF PAVEMENT MARKINGS 

A. Over clean, dry bituminous pavement, following application and curing of sealer, apply parking line 

stripes and other pavement markings as indicated, per manufacturer's recommendations. 

B. Apply by brush or zone marking equipment, one coat. 

3.11 REPAIRS AND PROTECTIONS 

A. Repair or replace broken or defective concrete, as directed by Architect. 

B. Drill test cores where directed by Architect when necessary to determine magnitude of cracks or 

defective areas.  Fill drilled core holes in satisfactory pavement areas with portland cement concrete 

bonded to pavement with epoxy adhesive. 

C. Protect concrete from damage until acceptance of work.  Exclude traffic from pavement for at least 

14 days after placement.  When construction traffic is permitted, maintain pavement as clean as 

possible by removing surface stains and spillage of material as they occur. 

D. Sweep concrete pavement and wash free of stains, discolorations, dirt, and other foreign material 

just before final inspection. 

END OF SECTION 
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SECTION 32 17 23.13 

PAINTED PAVEMENT MARKINGS 

PART 1   GENERAL 

1.01 SECTION INCLUDES 

A. Parking lot markings, including parking bays, crosswalks, arrows, handicapped symbols, and 
curb markings. 

B. Roadway lane markings and crosswalk markings. 

C. "No Parking" curb painting. 

1.02 RELATED REQUIREMENTS 

A. Section 32 1216 - Asphalt Paving. 

B. Section 32 1313 - Concrete Paving. 

1.03 REFERENCE STANDARDS 

A. FS TT-B-1325 - Beads (Glass Spheres); Retro-Reflective; Rev. D, 2007. 

B. FS TT-P-1952 - Paint, Traffic Black, and Airfield Marking, Waterborne; Rev. E, 2007. 

C. MPI (APL) - Master Painters Institute Approved Products List; Master Painters and Decorators 
Association; current edition, www.paintinfo.com. 

D. FHWA MUTCD - Manual on Uniform Traffic Control Devices for Streets and Highways; U.S. 
Department of Transportation, Federal Highway Administration; http://mutcd.fhwa.dot.gov; 
current edition. 

1.04 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Manufacturer's data sheets on each product to be used, including: 

1. Preparation instructions and recommendations. 

2. Storage and handling requirements and recommendations. 

3. Installation methods. 

C. Certificates:  Submit for each batch of paint and glass beads stating compliance with specified 
requirements. 

D. Maintenance Materials:  Furnish the following for owner’s use in maintenance of project. 

1. See Section 01 6000 - Product Requirements, for additional provisions. 

2. Extra Paint:  2 containers, 1 gallon (4 liter) size, of each type and color. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Deliver paint in containers of at least 5 gallons (18 L) accompanied by batch certificate. 

B. Deliver glass beads in containers suitable for handling and strong enough to prevent loss 
during shipment accompanied by batch certificate.  

C. Store products in manufacturer's unopened packaging until ready for installation. 

D. Store and dispose of solvent-based materials, and materials used with solvent-based materials, 
in accordance with requirements of local authorities having jurisdiction. 

1.06 FIELD CONDITIONS 

A. Do not install products under environmental conditions outside manufacturer's absolute limits. 

PART 2   PRODUCTS 

 2.01 MATERIALS 

A. Line and Zone Marking Paint:  MPI No. 97 Latex Traffic Marking Paint; color(s) as indicated. 

1. Roadway Markings:  As required by authorities having jurisdiction. 

2. Parking Lots:  Yellow.  
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3. Handicapped Symbols:  Blue. 

4. Traffic marking paint by Sherwin Williams; Traffic Paint by Pratt and Lambert, Inc.; Hi-Hide 
Plexi-color line paint by California Products Corporation, or approved equal.  

5. Substitutions:  See Section 01 6000 - Product Requirements. 

B. Line and Zone Marking Paint:  Refer to Section 09 9000. 

C. Paint For Obliterating Existing Markings:  FS TT-P-1952; black for bituminous pavements, gray 
for portland cement pavements. 

1. Contractor to provide product in compliance with municipal or county Public Works 
Department  

D. Reflective Glass Beads:  FS TT-B-1325, Type I (low index of refraction), Gradation A (coarse, 
drop-on); with silicone or other suitable waterproofing coating to ensure free flow. 

1. Contractor to provide product in compliance with municipal or county Public Works 
Department 

E. Temporary Marking Tape:  Preformed, reflective, pressure sensitive adhesive tape in color(s) 
required; Contractor is responsible for selection of material of sufficient durability as to perform 
satisfactorily during period for which its use is required. 

PART 3   EXECUTION 

3.01 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. 

3.02 PREPARATION 

A. Allow new pavement surfaces to cure for a period of not less than 14 days before application of 
marking materials. 

B. Prepare surfaces using the methods recommended by the manufacturer for achieving the best 
result for the substrate under the project conditions. 

C. Obliteration of existing markings using paint is acceptable in lieu of removal; apply the black 
paint in as many coats as necessary to completely obliterate the existing markings.  

D. Clean surfaces thoroughly prior to installation. 

1. Remove dust, dirt, and other granular surface deposits by sweeping, blowing with 
compressed air, rinsing with water, or a combination of these methods.  

2. Completely remove rubber deposits, existing paint markings, and other coatings adhering 
to the pavement, by scraping, wire brushing, sandblasting, mechanical abrasion, or 
approved chemicals. 

3. Sandblasting:  Use equipment of size and capacity necessary, providing not less than 150 
cfm (0.08 cu m per second) of air at pressure not less than 90 psi (625 kPa) at each nozzle 
used. 

E. Where oil or grease are present, scrub affected areas with several applications of trisodium 
phosphate solution or other approved detergent or degreaser, and rinse thoroughly after each 
application; after cleaning, seal oil-soaked areas with cut shellac to prevent bleeding through 
the new paint. 

F. Establish survey control points to determine locations and dimensions of markings; provide 
templates to control paint application by type and color at necessary intervals. 

G. Temporary Pavement Markings:  When required or directed by Architect, apply temporary 
markings of the color(s), width(s) and length(s) as indicated or directed.   

1. After temporary marking has served its purpose, remove temporary marking by carefully 
controlled sandblasting, approved grinding equipment, or other approved method so that 
surface to which the marking was applied will not be damaged. 

2. At Contractor's option, temporary marking tape may used in lieu of temporary painted 
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marking; remove unsatisfactory tape and replace with painted markings at no additional 
cost to owner. 

3.03 INSTALLATION 

A. Begin pavement marking as soon as practicable after surface has been cleaned and dried. 

B. Do not apply paint if temperature of surface to be painted or the atmosphere is less than 50 
degrees F (10 degrees C) or more than 95 degrees F (35 degrees C). 

C. Apply in accordance with manufacturer's instructions using an experienced technician that is 
thoroughly familiar with equipment, materials, and marking layouts.  

D. Comply with FHWA MUTCD manual (http://mutcd.fhwa.dot.gov) for details not shown. 

E. Apply markings in locations determined by measurement from survey control points; preserve 
control points until after markings have been accepted. 

F. Apply uniformly painted markings of color(s), lengths, and widths as indicated on the drawings 
true, sharp edges and ends. 

1. Apply paint in one coat only. 

2. Wet Film Thickness:  0.015 inch (0.4 mm), minimum. 

3. Length Tolerance:  Plus or minus 3 inches (75 mm). 

4. Width Tolerance:  Plus or minus 1/8 inch (3 mm). 

G. Roadway Traffic Lanes:  Use suitable mobile mechanical equipment that provides constant 
agitation of paint and travels at controlled speeds. 

1. Conduct operations in such a manner that necessary traffic can move without hindrance. 

2. Place warning signs at the beginning of the wet line, and at points well in advance of the 
marking equipment for alerting approaching traffic from both directions. Place small flags or 
other similarly effective small objects near freshly applied markings at frequent intervals to 
reduce crossing by traffic. 

3. If paint does not dry within expected time, discontinue paint operations until cause of slow 
drying is determined and corrected. 

4. Skip Markings:  Synchronize one or more paint "guns" to automatically begin and cut off 
paint flow; make length of intervals as indicated. 

5. Use hand application by pneumatic spray for application of paint in areas where a mobile 
paint applicator cannot be used. 

6. Distribute glass beads uniformly on the paint lines within ten seconds without any waste, 
applied at rate of 6 pounds per gallon (720 g per L) of paint; if the marking equipment does 
not have a glass bead dispenser, use a separate piece of equipment adjusted and 
synchronized with the paint applicator; remove and replace markings having faulty 
distribution of beads. 

H. Parking Lots:  Apply parking space lines, entrance and exit arrows, painted curbs, and other 
markings indicated on drawings. 

1. Mark the International Handicapped Symbol at indicated parking spaces. 

2. Hand application by pneumatic spray is acceptable. 

I. Symbols:  Use a suitable template that will provide a pavement marking with true, sharp edges 
and ends, of the design and size indicated. 

3.04 DRYING, PROTECTION, AND REPLACEMENT 

A. Protect newly painted markings so that paint is not picked up by tires, smeared, or tracked. 

B. Provide barricades, warning signs, and flags as necessary to prevent traffic crossing newly 
painted markings. 

C. Allow paint to dry at least the minimum time specified by the applicable paint standard and not 
less than that recommended by the manufacturer. 

D. Remove and replace markings that are applied at less than minimum material rates; deviate 
from true alignment; exceed length and width tolerances; or show light spots, smears, or other 
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deficiencies or irregularities. 

E. Remove markings in manner to avoid damage to the surface to which the marking was applied, 
using carefully controlled sand blasting, approved grinding equipment, or other approved 
method. 

F. Replace removed markings at no additional cost to the owner.  

END OF SECTION 
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SECTION 32 92 19
SEEDING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Preparation of subsoil.
B. Placing topsoil.
C. ​​Seeding​​, mulching ​​and fertilizer​​.

1.02 RELATED REQUIREMENTS
A. Section 31 22 00 - Grading.

1.03 REFERENCE STANDARDS
A. ASTM D7322/D7322M - Standard Test Method for Determination of Erosion Control Product

(ECP) Ability to Encourage Seed Germination and Plant Growth Under Bench-Scale
Conditions; 2023.

1.04 DEFINITIONS
A. Weeds:  Include Dandelion, Jimsonweed, Quackgrass, Horsetail, Morning Glory, Rush Grass,

Mustard, Lambsquarter, Chickweed, Cress, Crabgrass, Canadian Thistle, Nutgrass, Poison
Oak, Blackberry, Tansy Ragwort, Bermuda Grass, Johnson Grass, Poison Ivy, Nut Sedge,
Nimble Will, Bindweed, Bent Grass, Wild Garlic, Perennial Sorrel, and Brome Grass.

1.05 SUBMITTALS
A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.
B. Product data: Submit a label from one of the seed bags which is representative of all seed to be

used.
C. Maintenance Data:  Include maintenance instructions, cutting method and maximum grass

height; ​types, application frequency, and recommended coverage of fertilizer​ ​; and
recommended practices for irrigation​.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Deliver grass seed mixture in sealed containers.  Seed in damaged packaging is not

acceptable.  Deliver seed mixture in containers showing percentage of seed mix, year of
production, net weight, date of packaging, and location of packaging.

PART 2  PRODUCTS
2.01 SEED MIXTURE

A. Fresh, clean, dry, newe-crop seed complying iwht AOSA's "Rules for Testing Seeds" for purity
and germination tolerances.  

B. Provide seed in sealed containers.  Wet, moldy, or otherwise damaged seed is not accepatble.
C. Seed Mixture:

1. "Macho Mix" or approved equal.
a. 94% blend of tall fescue varieties, 90% germination.
b. 5% perennial rye grass, 85% germination.
c. Other crop seeds, 0%
d. Inert matter, 1%
e. Weed seeds, 0%.

2. Rate of application:  12 pounds per 1,000 square feet.
3. Merion Blue Grass:  ____ percent.

2.02 SOIL MATERIALS
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A. Topsoil:  Fertile, agricultural soil, typical for locality, capable of sustaining vigorous plant growth,
taken from drained site; free of subsoil, clay, gravel or impurities, plants, weeds and roots; pH
value of minimum 5.4 and maximum 7.0.

2.03 ACCESSORIES
A. Mulching Material:  Oat or wheat straw, free from weeds, foreign matter detrimental to plant life,

and dry.  Hay or chopped cornstalks are not acceptable.
B. Fertilizer:  Recommended for grass, with 50 percent of the elements derived from organic

sources; of proportion necessary to eliminate deficiencies of topsoil, to the following
proportions:
1. Nitrogen:  ​12​ percent.
2. Phosphoric Acid:  ​12​ percent.
3. Soluble Potash:  ​12​ percent.

C. Water:  Clean, fresh and free of substances or matter that could inhibit vigorous growth of
grass.

D. Erosion Fabric:  Jute matting, open weave.
E. Stakes:  Softwood lumber, chisel pointed.
F. Edging:  Galvanized steel.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that prepared soil base is ready to receive the work of this Section.
3.02 PREPARATION

A. Prepare subgrade in accordance with Section 31 22 00.
B. Place topsoil in accordance with Section 32 91 19.
C. Install edging at periphery of seeded areas in straight lines to consistent depth.

3.03 FERTILIZING
A. Apply fertilizer in accordance with manufacturer's instructions.
B. Apply after smooth raking of topsoil and prior to roller compaction.
C. Do not apply fertilizer at same time or with same machine as will be used to apply seed.
D. Mix thoroughly into upper 2 inches of topsoil.
E. Lightly water to aid the dissipation of fertilizer.

3.04 SEEDING
A. Apply seed at a rate of ​​12 lbs per 1000 sq ft​​ evenly in two intersecting directions. Rake in

lightly.
B. Do not seed areas in excess of that which can be mulched on same day.
C. Planting Season: ​March 1 through May 15, or September 1 through November 15​.
D. Do not sow immediately following rain, when ground is too dry, or during windy periods.
E. Roll seeded area with roller not exceeding 112 lbs.
F. Immediately following seeding and compacting, apply mulch to a thickness of 1/8 inches.

Maintain clear of shrubs and trees.
G. Protect seeded areas with slopes exceeding 1:3 by use of straw grass seed germination

blankets.  Pin blankets to the ground at a rate of one pin every ten feet.
H. Apply water with a fine spray immediately after each area has been mulched.  Saturate to 4

inches of soil.



25083 Meramec Ambulance
District Stations 1 & 3  32 92 19 - 3  Seeding 

I. Following germination, immediately re-seed areas without germinated seeds that are larger
than 4 by 4 inches.

3.05 HYDROSEEDING (OPTIONAL)
A. Apply seeded slurry with a hydraulic seeder at a rate to provide seed in quantity specified

above, evenly in two intersecting directions.
B. Do not hydroseed area in excess of that which can be mulched on same day.
C. Immediately following seeding, apply mulch to a thickness of 1/8 inches.  Maintain clear of

shrubs and trees.
D. Apply water with a fine spray immediately after each area has been mulched.  Saturate to 4

inches of soil.
E. Following germination, immediately re-seed areas without germinated seeds that are larger

than 4 by 4 inches.
3.06 PROTECTION

A. Cover seeded slopes where grade is 4 inches per foot or greater with erosion fabric.  Roll fabric
onto slopes without stretching or pulling.

B. Secure outside edges and overlaps at 36 inch intervals with stakes.
C. Lightly dress slopes with topsoil to ensure close contact between fabric and soil.
D. At sides of ditches, lay fabric laps in direction of water flow.  Lap ends and edges minimum 6

inches.
3.07 MAINTENANCE

A. See Section 01 70 00 - Execution Requirements, for additional requirements relating to
maintenance service.

3.08 SATISFACTORY TURF
A. At end of the maintenance period, a healthy uniform, close stand of grass, free of weeds ans

surface irregularities, with coverage exceeding 90% over any 10 square feet and bare spots not
exceeding 4 by 4 inhes.

END OF SECTION
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	22 05 00 - BASIC PLUMBING MATERIALS AND METHODS
	22 05 49 - PLUMBING SYSTEMS SUPPORTS, BRACING, AND SEISMIC RESTRAINTS
	22 06 00 - PLUMBING HANGERS AND PIPE SUPPORTS
	22 07 50 - PLUMBING IDENTIFICATION
	22 08 40 - PLUMBING PIPE INSULATION
	22 11 00 - PLUMBING VALVES
	22 41 10 - WATER DISTRIBUTION PIPING
	22 43 00 - PLUMBING SPECIALTIES
	22 44 00 - PLUMBING FIXTURES
	PART
	1. Division 7 Section "Joint Sealants" for sealing between fixtures and walls, floors, and counters.
	2. Division 22 Section "Plumbing Valves" for general-duty valves used as supply stops.
	3. Section 22 05 49 “Plumbing Systems; Supports, Bracing and Seismic Requirements”.
	4. Section 22 05 00 “Basic Mechanical Materials and Methods”.

	F. Comply with the following applicable standards and other requirements specified for plumbing fixtures:
	1. Plastic Mop-Service Basins:  ANSI Z124.6.
	2. Plastic Shower Enclosures:  ANSI Z124.2.
	3. Slip-Resistant Bathing Surfaces:  ASTM F 462.
	4. Vitreous-China Fixtures:  ASME A112.19.2M.
	5. Water-Closet, Flushometer Tank Trim:  ASSE 1037.

	G. Comply with the following applicable standards and other requirements specified for lavatory and sink faucets:
	1. Backflow Protection Devices for Faucets with Hose-Thread Outlet:  ASME A112.18.3M.
	2. Diverter Valves for Faucets with Hose Spray:  ASSE 1025.
	3. Faucet Hose:  ASTM D 3901.
	4. Faucets:  ASME A112.18.1M.
	5. Hose-Connection Vacuum Breakers:  ASSE 1011.
	6. Hose-Coupling Threads:  ASME B1.20.7.
	7. Integral, Atmospheric Vacuum Breakers:  ASSE 1001.
	8. NSF Materials:  NSF 61.
	9. Pipe Threads:  ASME B1.20.1.
	10. Sensor-Actuated Faucets and Electrical Devices:  UL 1951.
	11. Supply and Drain Fittings:  ASME A112.18.1M.

	H. Comply with the following applicable standards and other requirements specified for shower faucets:
	1. Backflow Protection Devices for Hand-Held Showers:  ASME A112.18.3M.
	2. Combination, Pressure-Equalizing and Thermostatic-Control Antiscald Faucets:  ASSE 1016.
	3. Faucets:  ASME A112.18.1M.
	4. Hand-Held Showers:  ASSE 1014.
	5. High-Temperature-Limit Controls for Thermal-Shock-Preventing Devices:  ASTM F 445.
	6. Hose-Coupling Threads:  ASME B1.20.7.
	7. Manual-Control Antiscald Faucets:  ASTM F 444.
	8. Pipe Threads:  ASME B1.20.1.
	9. Pressure-Equalizing-Control Antiscald Faucets:  ASTM F 444 and ASSE 1016.
	10. Sensor-Actuated Faucets and Electrical Devices:  UL 1951.
	11. Thermostatic-Control Antiscald Faucets:  ASTM F 444 and ASSE 1016.

	I. Comply with the following applicable standards and other requirements specified for miscellaneous fittings:
	1. Atmospheric Vacuum Breakers:  ASSE 1001.
	2. Brass and Copper Supplies:  ASME A112.18.1M.
	3. Manual-Operation Flushometers:  ASSE 1037.
	4. Plastic Tubular Fittings and Piping:  ASTM F 409.
	5. Sensor-Operation Flushometers:  ASSE 1037 and UL 1951.
	6. Tubular Brass Drainage Fittings and Piping:  ASME A112.18.1M.

	J. Comply with the following applicable standards and other requirements specified for miscellaneous components:
	1. Floor Drains:  ASME A112.21.1M.
	2. Grab Bars:  ASTM F 446.
	3. Hose-Coupling Threads:  ASME B1.20.7.
	4. Off-Floor Fixture Supports:  ASME A112.6.1M.
	5. Pipe Threads:  ASME B1.20.1.
	6. Plastic Shower Receptors:  ANSI Z124.2.
	7. Plastic Toilet Seats:  ANSI Z124.5.
	8. Supply and Drain Protective Shielding Guards:  ICC A117.1.
	PART


	2.1 MANUFACTURERS
	1. For fixture descriptions in other Part 2 articles where the subparagraph titles "Product" and "Manufacturers" introduce a list of manufacturers and their products or manufacturers only, the following requirements apply for product selection:
	a. Products:  Subject to compliance with requirements, provide one of the products specified in other Part 2 articles.


	2.2 PLUMBING FIXTURES AND TRIM
	A. Faucets: Include hot- and cold-water indicators; coordinate faucet inlets with supplies and fixture holes and outlet with spout and fixture receptor.
	1. Products:
	a. Chicago Faucet
	b. American Standard
	c. Kohler


	B. Shower Valves and Trim: Include hot- and cold-water indicators; furnish with integral check stops.
	1. Manufacturers:
	a. Symmons
	b. Moen

	2. Performance: See schedule on drawings.

	C. Toilet Seat: Solid plastic.
	1. Manufacturers:
	a. Church
	b. Bemis Manufacturing Co.


	D. Protective Shielding Guard: Manufactured, plastic covering for hot and cold-water supplies and trap and drain piping and complying with ADA requirements.
	1. Manufacturers:
	a. Trubro, Inc.
	b. Plumberex Specialty Products
	c. McGuire Manufacturing Co., Inc.


	E. Lavatory Support: Type I, lavatory carrier with exposed arms and tie rods Type II, lavatory carrier with concealed arms and tie rod Type III, lavatory carrier with hanger plate and tie rod.  Include steel uprights with feet.
	1. Manufacturers:
	a. Jay R. Smith Mfg. Co.
	b. Zurn
	c. Watts Industries, Inc.

	2. Accessible Fixture Support:  Include rectangular steel uprights.

	F. Water Closets:  Floor Mount bottom outlet, vitreous-china fixture designed for flushometer or tank valve operation.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. TOTO, Inc.


	G. Lavatories: Wallhung, drop in, undermount, vitreous-china fixture.
	1. Products:
	a. American Standard, Inc.
	b. Kohler Co.
	c. TOTO, Inc.


	H. Stainless Steel Sinks: Residential, under-mount, counter-mount, stainless-steel fixture.
	1. Products:
	a. Elkay Manufacturing Co.
	b. Just Manufacturing Co.
	c. Acorn



	2.3 FITTINGS
	PART
	Q. Provide on all lavatories and sinks where hot water supplies a faucet a Symmons Series 7-210-CK Maxline, thermostatic mixing valve.  Mixing valve shall supply tempered water to the hot water inlet side of each faucet.  Set outlet temperature at 105...
	R. Set high limit temperature on all shower valves to 105 degrees Fahrenheit.
	PART
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