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SECTION 26 05 11 
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS  

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section applies to all sections of Division 26 . 

B.  Furnish and install electrical systems, materials, equipment, and 

accessories in accordance with the specifications a nd drawings.  

Capacities and ratings of motors, transformers, con ductors and cable, 

switchboards, switchgear, panelboards, motor contro l centers, 

generators, automatic transfer switches, and other items and 

arrangements for the specified items are shown on t he drawings. 

C.  Electrical service entrance equipment and arrangeme nts for temporary 

and permanent connections to the electric utility c ompany’s system 

shall conform to the electric utility company's req uirements. 

Coordinate fuses, circuit breakers and relays with the electric utility 

company’s system, and obtain electric utility compa ny approval for 

sizes and settings of these devices. 

D.  Conductor ampacities specified or shown on the draw ings are based on 

copper conductors, with the conduit and raceways si zed per NEC. 

Aluminum conductors are prohibited. 

1.2 MINIMUM REQUIREMENTS 

A.  The International Building Code (IBC), National Ele ctrical Code (NEC), 

Underwriters Laboratories, Inc. (UL), and National Fire Protection 

Association (NFPA) codes and standards are the mini mum requirements for 

materials and installation. 

B.  The drawings and specifications shall govern in tho se instances where 

requirements are greater than those stated in the a bove codes and 

standards. 

1.3 TEST STANDARDS 

A.  All materials and equipment shall be listed, labele d, or certified by a 

Nationally Recognized Testing Laboratory (NRTL) to meet Underwriters 

Laboratories, Inc. (UL), standards where test stand ards have been 

established. Materials and equipment which are not covered by UL 

standards will be accepted, providing that material s and equipment are 

listed, labeled, certified or otherwise determined to meet the safety 

requirements of a NRTL. Materials and equipment whi ch no NRTL accepts, 

certifies, lists, labels, or determines to be safe,  will be considered 
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if inspected or tested in accordance with national industrial 

standards, such as ANSI, NEMA, and NETA. Evidence o f compliance shall 

include certified test reports and definitive shop drawings. 

B.  Definitions: 

1.  Listed: Materials and equipment included in a list published by 

an organization that is acceptable to the Authority  Having 

Jurisdiction and concerned with evaluation of produ cts or 

services, that maintains periodic inspection of pro duction or 

listed materials and equipment or periodic evaluati on of 

services, and whose listing states that the materia ls and 

equipment either meets appropriate designated stand ards or has 

been tested and found suitable for a specified purp ose. 

2.  Labeled: Materials and equipment to which has been attached a 

label, symbol, or other identifying mark of an orga nization that 

is acceptable to the Authority Having Jurisdiction and concerned 

with product evaluation, that maintains periodic in spection of 

production of labeled materials and equipment, and by whose 

labeling the manufacturer indicates compliance with  appropriate 

standards or performance in a specified manner. 

3.  Certified: Materials and equipment which: 

a.  Have been tested and found by a NRTL to meet nation ally 

recognized standards or to be safe for use in a spe cified 

manner. 

b.  Are periodically inspected by a NRTL. 

c.  Bear a label, tag, or other record of certification . 

4.  Nationally Recognized Testing Laboratory: Testing l aboratory 

which is recognized and approved by the Secretary o f Labor in 

accordance with OSHA regulations. 

1.4 QUALIFICATIONS (PRODUCTS AND SERVICES)  

A.  Manufacturer’s Qualifications: The manufacturer sha ll regularly and 

currently produce, as one of the manufacturer's pri ncipal products, the 

materials and equipment specified for this project,  and shall have 

manufactured the materials and equipment for at lea st three years. 

B.  Product Qualification: 

1.  Manufacturer's materials and equipment shall have b een in 

satisfactory operation, on three installations of s imilar size 

and type as this project, for at least three years.  
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2.  The Government reserves the right to require the Co ntractor to 

submit a list of installations where the materials and equipment 

have been in operation before approval. 

C.  Service Qualifications: There shall be a permanent service organization 

maintained or trained by the manufacturer which wil l render 

satisfactory service to this installation within fo ur hours of receipt 

of notification that service is needed. Submit name  and address of 

service organizations. 

1.5 APPLICABLE PUBLICATIONS 

A.  Applicable publications listed in all Sections of D ivision 26 are the 

latest issue, unless otherwise noted. 

B.  Products specified in all sections of Division 26 s hall comply with the 

applicable publications listed in each section. 

1.6 MANUFACTURED PRODUCTS 

A.  Materials and equipment furnished shall be of curre nt production by 

manufacturers regularly engaged in the manufacture of such items, and 

for which replacement parts shall be available. 

B.  When more than one unit of the same class or type o f materials and 

equipment is required, such units shall be the prod uct of a single 

manufacturer. 

C.  Equipment Assemblies and Components: 

1.  Components of an assembled unit need not be product s of the same 

manufacturer. 

2.  Manufacturers of equipment assemblies, which includ e components 

made by others, shall assume complete responsibilit y for the 

final assembled unit. 

3.  Components shall be compatible with each other and with the total 

assembly for the intended service. 

4.  Constituent parts which are similar shall be the pr oduct of a 

single manufacturer. 

D.  Factory wiring and terminals shall be identified on  the equipment being 

furnished and on all wiring diagrams. 

E.  When Factory Testing Is Specified: 

1.  The Government shall have the option of witnessing factory tests. 

The Contractor shall notify the Government through the COR a 

minimum of 15 working days prior to the manufacture r’s performing 

the factory tests. 
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2.  Four copies of certified test reports shall be furn ished to the 

COR two weeks prior to final inspection and not mor e than 90 days 

after completion of the tests. 

3.  When materials and equipment fail factory tests, an d re-testing 

and re-inspection is required, the Contractor shall  be liable for 

all additional expenses for the Government to witne ss re-testing. 

1.7 VARIATIONS FROM CONTRACT REQUIREMENTS 

A. Where the Government or the Contractor requests variations from the 

contract requirements, the connecting work and rela ted components shall 

include, but not be limited to additions or changes  to branch circuits, 

circuit protective devices, conduits, wire, feeders , controls, panels 

and installation methods. 

1.8 MATERIALS AND EQUIPMENT PROTECTION 

A.  Materials and equipment shall be protected during s hipment and storage 

against physical damage, vermin, dirt, corrosive su bstances, fumes, 

moisture, cold and rain. 

1.  Store materials and equipment indoors in clean dry space with 

uniform temperature to prevent condensation.   

2.  During installation, equipment shall be protected a gainst entry 

of foreign matter, and be vacuum-cleaned both insid e and outside 

before testing and operating.  Compressed air shall  not be used 

to clean equipment.  Remove loose packing and flamm able materials 

from inside equipment. 

3.  Damaged equipment shall be repaired or replaced, as  determined by 

the COR. 

4.  Painted surfaces shall be protected with factory in stalled 

removable heavy kraft paper, sheet vinyl or equal. 

5.  Damaged paint on equipment shall be refinished with  the same 

quality of paint and workmanship as used by the man ufacturer so 

repaired areas are not obvious. 

1.9 WORK PERFORMANCE 

A.  All electrical work shall comply with the requireme nts of NFPA 70 

(NEC), NFPA 70B, NFPA 70E, OSHA Part 1910 subpart J  – General 

Environmental Controls, OSHA Part 1910 subpart K – Medical and First 

Aid, and OSHA Part 1910 subpart S – Electrical, in addition to other 

references required by contract. 
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B.  Job site safety and worker safety is the responsibi lity of the 

Contractor. 

C.  Electrical work shall be accomplished with all affe cted circuits or 

equipment de-energized. When an electrical outage c annot be 

accomplished in this manner for the required work, the following 

requirements are mandatory: 

1.  Electricians must use full protective equipment (i. e., certified 

and tested insulating material to cover exposed ene rgized 

electrical components, certified and tested insulat ed tools, 

etc.) while working on energized systems in accorda nce with NFPA 

70E. 

2.  Before initiating any work, a job specific work pla n must be 

developed by the Contractor with a peer review cond ucted and 

documented by the COR and Medical Center staff. The  work plan 

must include procedures to be used on and near the live 

electrical equipment, barriers to be installed, saf ety equipment 

to be used, and exit pathways. 

3.  Work on energized circuits or equipment cannot begi n until prior 

written approval is obtained from the COR. 

D.  For work that affects existing electrical systems, arrange, phase and 

perform work to assure minimal interference with no rmal functioning of 

the facility. Refer to Article OPERATIONS AND STORA GE AREAS under 

Section 01 00 00, GENERAL REQUIREMENTS. 

E.  New work shall be installed and connected to existi ng work neatly, 

safely and professionally. Disturbed or damaged wor k shall be replaced 

or repaired to its prior conditions, as required by  Section 01 00 00, 

GENERAL REQUIREMENTS. 

F.  Coordinate location of equipment and conduit with o ther trades to 

minimize interference. 

1.10 EQUIPMENT INSTALLATION AND REQUIREMENTS 

A.  Equipment location shall be as close as practical t o locations shown on 

the drawings. 

B.  Working clearances shall not be less than specified  in the NEC. 

C.  Inaccessible Equipment: 

1.  Where the Government determines that the Contractor  has installed 

equipment not readily accessible for operation and maintenance, 
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the equipment shall be removed and reinstalled as d irected at no 

additional cost to the Government. 

2.  "Readily accessible” is defined as being capable of  being reached 

quickly for operation, maintenance, or inspections without the 

use of ladders, or without climbing or crawling und er or over 

obstacles such as, but not limited to, motors, pump s, belt 

guards, transformers, piping, ductwork, conduit and  raceways. 

D.  Electrical service entrance equipment and arrangeme nts for temporary 

and permanent connections to the electric utility c ompany’s system 

shall conform to the electric utility company's req uirements. 

Coordinate fuses, circuit breakers and relays with the electric utility 

company’s system, and obtain electric utility compa ny approval for 

sizes and settings of these devices. 

1.11 EQUIPMENT IDENTIFICATION 

A.  In addition to the requirements of the NEC, install  an identification 

sign which clearly indicates information required f or use and 

maintenance of items such as switchboards and switc hgear, panelboards, 

cabinets, motor controllers, fused and non-fused sa fety switches, 

generators, automatic transfer switches, separately  enclosed circuit 

breakers, individual breakers and controllers in sw itchboards, 

switchgear and motor control assemblies, control de vices and other 

significant equipment. 

B.  Identification signs for Normal Power System equipm ent shall be 

laminated black phenolic resin with a white core wi th engraved 

lettering.  Identification signs for Essential Elec trical System (EES) 

equipment, as defined in the NEC, shall be laminate d red phenolic resin 

with a white core with engraved lettering. Letterin g shall be a minimum 

of 12 mm (1/2 inch) high. Identification signs shal l indicate equipment 

designation, rated bus amperage, voltage, number of  phases, number of 

wires, and type of EES power branch as applicable.  Secure nameplates 

with screws. 

C.  Install adhesive arc flash warning labels on all eq uipment as required 

by NFPA 70E.  Label shall indicate the arc hazard b oundary (inches), 

working distance (inches), arc flash incident energ y at the working 

distance (calories/cm2), required PPE category and description 

including the  glove rating, voltage rating of the equipment, limited 

approach distance (inches), restricted approach dis tance (inches), 
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prohibited approach distance (inches), equipment/bu s name, date 

prepared, and manufacturer name and address. 

1.12 SUBMITTALS 

A.  Submit to the COR in accordance with Section 01 33 23, SHOP DRAWINGS, 

PRODUCT DATA, AND SAMPLES.  

B.  The Government's approval shall be obtained for all  materials and 

equipment before delivery to the job site.  Deliver y, storage or 

installation of materials and equipment which has n ot had prior 

approval will not be permitted. 

C.  All submittals shall include six copies of adequate  descriptive 

literature, catalog cuts, shop drawings, test repor ts, certifications, 

samples, and other data necessary for the Governmen t to ascertain that 

the proposed materials and equipment comply with dr awing and 

specification requirements.  Catalog cuts submitted  for approval shall 

be legible and clearly identify specific materials and equipment being 

submitted. Shop drawing submittals can be submitted  in PDF form via 

email if acceptable by VA COR. 

D.  Submittals for individual systems and equipment ass emblies which 

consist of more than one item or component shall be  made for the system 

or assembly as a whole.  Partial submittals will no t be considered for 

approval. 

1.  Mark the submittals, "SUBMITTED UNDER SECTION______ ____________". 

2.  Submittals shall be marked to show specification re ference 

including the section and paragraph numbers. 

3.  Submit each section separately. 

E.  The submittals shall include the following: 

1.  Information that confirms compliance with contract requirements. 

Include the manufacturer's name, model or catalog n umbers, 

catalog information, technical data sheets, shop dr awings, 

manuals, pictures, nameplate data, and test reports  as required. 

2.  Elementary and interconnection wiring diagrams for communication 

and signal systems, control systems, and equipment assemblies. 

All terminal points and wiring shall be identified on wiring 

diagrams. 

3.  Parts list which shall include information for repl acement parts 

and ordering instructions, as recommended by the eq uipment 

manufacturer. 
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F.  Maintenance and Operation Manuals:  

1.  Submit as required for systems and equipment specif ied in the 

technical sections. Furnish in hardcover binders or  an approved 

equivalent. 

2.  Inscribe the following identification on the cover:  the words 

"MAINTENANCE AND OPERATION MANUAL," the name and lo cation of the 

system, material, equipment, building, name of Cont ractor, and 

contract name and number. Include in the manual the  names, 

addresses, and telephone numbers of each subcontrac tor installing 

the system or equipment and the local representativ es for the 

material or equipment. 

3.  Provide a table of contents and assemble the manual  to conform to 

the table of contents, with tab sheets placed befor e instructions 

covering the subject. The instructions shall be leg ible and 

easily read, with large sheets of drawings folded i n. 

4.  The manuals shall include: 

a.  Internal and interconnecting wiring and control dia grams 

with data to explain detailed operation and control  of the 

equipment. 

b.  A control sequence describing start-up, operation, and 

shutdown. 

c.  Description of the function of each principal item of 

equipment. 

d.  Installation instructions. 

e.  Safety precautions for operation and maintenance. 

f.  Diagrams and illustrations. 

g.  Periodic maintenance and testing procedures and 

frequencies, including replacement parts numbers. 

h.  Performance data. 

i.  Pictorial "exploded" parts list with part numbers. 

Emphasis shall be placed on the use of special tool s and 

instruments.  The list shall indicate sources of su pply, 

recommended spare and replacement parts, and name o f 

servicing organization. 

j.  List of factory approved or qualified permanent ser vicing 

organizations for equipment repair and periodic tes ting 
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and maintenance, including addresses and factory 

certification qualifications. 

G.  Approvals will be based on complete submission of s hop drawings, 

manuals, test reports, certifications, and samples as applicable. 

H.  After approval and prior to installation, furnish t he COR with one 

sample of each of the following: 

1.  A minimum 300 mm (12 inches) length of each type an d size of wire 

and cable along with the tag from the coils or reel s from which 

the sample was taken. The length of the sample shal l be 

sufficient to show all markings provided by the man ufacturer. 

2.  Each type of conduit coupling, bushing, and termina tion fitting.  

3.  Conduit hangers, clamps, and supports.  

4.  Duct sealing compound.  

5.  Each type of receptacle, toggle switch, lighting co ntrol sensor, 

outlet box, manual motor starter, device wall plate , engraved 

nameplate, wire and cable splicing and terminating material, and 

branch circuit single pole molded case circuit brea ker. 

1.13 SINGULAR NUMBER  

A.  Where any device or part of equipment is referred t o in these 

specifications in the singular number (e.g., "the s witch"), this 

reference shall be deemed to apply to as many such devices as are 

required to complete the installation as shown on t he drawings. 

1.14 ACCEPTANCE CHECKS AND TESTS 

A.  The Contractor shall furnish the instruments, mater ials, and labor for 

tests. 

B.  Where systems are comprised of components specified  in more than one 

section of Division 26, the Contractor shall coordi nate the 

installation, testing, and adjustment of all compon ents between various 

manufacturer’s representatives and technicians so t hat a complete, 

functional, and operational system is delivered to the Government. 

C.  When test results indicate any defects, the Contrac tor shall repair or 

replace the defective materials or equipment, and r epeat the tests.  

Repair, replacement, and retesting shall be accompl ished at no 

additional cost to the Government. 

1.15 WARRANTY 

A.  All work performed and all equipment and material f urnished under this 

Division shall be free from defects and shall remai n so for a period of 
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one year from the date of acceptance of the entire installation by the 

Contracting Officer for the Government. 

1.16 INSTRUCTION 

A.  Instruction to designated Government personnel shal l be provided for 

the particular equipment or system as required in e ach associated 

technical specification section. 

B.  Furnish the services of competent instructors to gi ve full instruction 

in the adjustment, operation, and maintenance of th e specified 

equipment and system, including pertinent safety re quirements.  

Instructors shall be thoroughly familiar with all a spects of the 

installation, and shall be trained in operating the ory as well as 

practical operation and maintenance procedures. 

C.  A training schedule shall be developed and submitte d by the Contractor 

and approved by the COR at least 30 days prior to t he planned training. 

PART 2 - PRODUCTS (NOT USED) 

PART 3 - EXECUTION (NOT USED) 

---END--- 
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SECTION 26 05 19 
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

 
PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of the electrical conductors and cables for  use in electrical 

systems rated 600 V and below, indicated as cable(s ), conductor(s), 

wire, or wiring in this section. 

1.2 RELATED WORK 

A.  Section 07 84 00, FIRESTOPPING: Sealing around pene trations to maintain 

the integrity of fire-resistant rated construction.  

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

D.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits 

for conductors and cables. 

1.3 QUALITY ASSURANCE 

A.  Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND SE RVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 FACTORY TESTS 

A.  Conductors and cables shall be thoroughly tested at  the factory per 

NEMA to ensure that there are no electrical defects . Factory tests 

shall be certified.  

1.5 SUBMITTALS 

A.  Submit the following in accordance with Section 26 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance 

with drawings and specifications. 

b.  Submit the following data for approval: 

1)  Electrical ratings and insulation type for each 

conductor and cable. 

2)  Splicing materials and pulling lubricant. 

2.  Certifications: Two weeks prior to final inspection , submit the 

following.  



 VAMC WADE PARK CLEVELAND 
FINAL CONSTRUCTION DOCUMENTS  Project No. 541-13-10 7 
12/12/14             Emergency Power for Critical H VAC 

 

Low-Voltage Electrical Power Conductors and Cables 
26 05 19 - 2 

a.  Certification by the manufacturer that the conducto rs and 

cables conform to the requirements of the drawings and 

specifications. 

b.  Certification by the Contractor that the conductors  and 

cables have been properly installed, adjusted, and tested. 

1.6 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced. Publications are reference in the text by designation only. 

B.  American Society of Testing Material (ASTM): 

D2301-10................Standard Specification for Vinyl Chloride 

Plastic Pressure-Sensitive Electrical 

Insulating Tape 

D2304-10................Test Method for Thermal End urance of Rigid 

Electrical Insulating Materials 

D3005-10................Low-Temperature Resistant V inyl Chloride 

Plastic Pressure-Sensitive Electrical 

Insulating Tape 

C.  National Electrical Manufacturers Association (NEMA ): 

WC 70-09................Power Cables Rated 2000 Vol ts or Less for the 

Distribution of Electrical Energy 

D.  National Fire Protection Association (NFPA): 

70-11...................National Electrical Code (N EC) 

E.  Underwriters Laboratories, Inc. (UL): 

44-10...................Thermoset-Insulated Wires a nd Cables 

83-08...................Thermoplastic-Insulated Wir es and Cables 

467-07..................Grounding and Bonding Equip ment 

486A-486B-03............Wire Connectors 

486C-04.................Splicing Wire Connectors 

486D-05.................Sealed Wire Connector Syste ms 

486E-09.................Equipment Wiring Terminals for Use with 

Aluminum and/or Copper Conductors 

493-07..................Thermoplastic-Insulated Und erground Feeder and 

Branch Circuit Cables 

514B-04.................Conduit, Tubing, and Cable Fittings 
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PART 2 - PRODUCTS  

2.1 CONDUCTORS AND CABLES 

A.  Conductors and cables shall be in accordance with N EMA, UL, as 

specified herein, and as shown on the drawings. 

B.  All conductors shall be copper. 

C.  Single Conductor and Cable: 

1.  No. 12 AWG: Minimum size, except where smaller size s are specified 

herein or shown on the drawings. 

2.  No. 8 AWG and larger: Stranded. 

3.  No. 10 AWG and smaller: Solid; except shall be stra nded for final 

connection to motors, transformers, and vibrating e quipment. 

4.  Insulation: THHN-THWN and XHHW-2.  XHHW-2 shall be used for isolated 

power systems. 

D.  Color Code: 

1.  No. 10 AWG and smaller: Solid color insulation or s olid color 

coating. 

2.  No. 8 AWG and larger: Color-coded using one of the following 

methods: 

a.  Solid color insulation or solid color coating. 

b.  Stripes, bands, or hash marks of color specified. 

c.  Color using 19 mm (0.75 inches) wide tape.  

3.  For modifications and additions to existing wiring systems, color 

coding shall conform to the existing wiring system.  

4.  Conductors shall be color-coded as follows: 

208/120 V Phase 480/277 V 

Black A Brown 

Red B Orange 

Blue C Yellow 

White Neutral Gray * 

* or white with colored (other than green) tracer. 

 

5.  Lighting circuit “switch legs”, and 3-way and 4-way  switch 

“traveling wires,” shall have color coding that is unique and 

distinct (e.g., pink and purple) from the color cod ing indicated 

above. The unique color codes shall be solid and in  accordance 

with the NEC. Coordinate color coding in the field with the COR. 
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6.  Color code for isolated power system wiring shall b e in 

accordance with the NEC. 

2.2 SPLICES 

A.  Splices shall be in accordance with NEC and UL. 

B.  Above Ground Splices for No. 10 AWG and Smaller: 

1.  Solderless, screw-on, reusable pressure cable type,  with integral 

insulation, approved for copper and aluminum conduc tors. 

2.  The integral insulator shall have a skirt to comple tely cover the 

stripped conductors. 

3.  The number, size, and combination of conductors use d with the 

connector, as listed on the manufacturer's packagin g, shall be 

strictly followed. 

C.  Above Ground Splices for No. 8 AWG to No. 4/0 AWG: 

1.  Compression, hex screw, or bolt clamp-type of high conductivity and 

corrosion-resistant material, listed for use with c opper and 

aluminum conductors. 

2.  Insulate with materials approved for the particular  use, location, 

voltage, and temperature. Insulation level shall be  not less than 

the insulation level of the conductors being joined . 

3.  Splice and insulation shall be product of the same manufacturer. 

4.  All bolts, nuts, and washers used with splices shal l be zinc-plated 

steel. 

D.  Above Ground Splices for 250 kcmil and Larger: 

1.  Long barrel “butt-splice” or “sleeve” type compress ion connectors, 

with minimum of two compression indents per wire, l isted for use 

with copper and aluminum conductors. 

2.  Insulate with materials approved for the particular  use, location, 

voltage, and temperature. Insulation level shall be  not less than 

the insulation level of the conductors being joined . 

3.  Splice and insulation shall be product of the same manufacturer. 

 
E.  Plastic electrical insulating tape: Per ASTM D2304,  flame-retardant, 

cold and weather resistant. 

2.3 CONNECTORS AND TERMINATIONS 

A.  Mechanical type of high conductivity and corrosion- resistant material, 

listed for use with copper and aluminum conductors.  
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B.  Long barrel compression type of high conductivity a nd 

corrosion-resistant material, with minimum of two c ompression indents 

per wire, listed for use with copper and aluminum c onductors. 

C.  All bolts, nuts, and washers used to connect connec tions and 

terminations to bus bars or other termination point s shall be zinc-

plated steel. 

2.4 CONTROL WIRING 

A.  Unless otherwise specified elsewhere in these speci fications, control 

wiring shall be as specified herein, except that th e minimum size shall 

be not less than No. 14 AWG. 

B.  Control wiring shall be sized such that the voltage  drop under in-rush 

conditions does not adversely affect operation of t he controls. 

2.5 WIRE LUBRICATING COMPOUND 

A.  Lubricating compound shall be suitable for the wire  insulation and 

conduit, and shall not harden or become adhesive. 

B.  Shall not be used on conductors for isolated power systems. 

PART 3 - EXECUTION  

3.1 GENERAL  

A.  Install conductors in accordance with the NEC, as s pecified, and as 

shown on the drawings. 

B.  Install all conductors in raceway systems. 

C.  Splice conductors only in outlet boxes, junction bo xes, pullboxes, 

manholes, or handholes. 

D.  Conductors of different systems (e.g., 120 V and 27 7 V, normal and 

emergency) shall not be installed in the same racew ay. 

E.  Install cable supports for all vertical feeders in accordance with the 

NEC. Provide split wedge type which firmly clamps e ach individual cable 

and tightens due to cable weight. 

F.  In panelboards, cabinets, wireways, switches, enclo sures, and equipment 

assemblies, neatly form, train, and tie the conduct ors with non-

metallic ties. 

G.  For connections to motors, transformers, and vibrat ing equipment, 

stranded conductors shall be used only from the las t fixed point of 

connection to the motors, transformers, or vibratin g equipment. 

H.  Use expanding foam or non-hardening duct-seal to se al conduits entering 

a building, after installation of conductors. 

I.  Conductor and Cable Pulling: 
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1.  Provide installation equipment that will prevent th e cutting 

or abrasion of insulation during pulling. Use lubri cants 

approved for the cable. 

2.  Use nonmetallic pull ropes. 

3.  Attach pull ropes by means of either woven basket g rips or 

pulling eyes attached directly to the conductors. 

4.  All conductors in a single conduit shall be pulled 

simultaneously. 

5.  Do not exceed manufacturer’s recommended maximum pu lling 

tensions and sidewall pressure values. 

J.  No more than three branch circuits shall be install ed in any one 

conduit. 

K.  When stripping stranded conductors, use a tool that  does not damage the 

conductor or remove conductor strands. 

3.2 INSTALLATION IN MANHOLES 

A. Train the cables around the manhole walls, but d o not bend to a radius 

less than six times the overall cable diameter. 

3.3 SPLICE AND TERMINATION INSTALLATION 

A.  Splices and terminations shall be mechanically and electrically secure, 

and tightened to manufacturer’s published torque va lues using a torque 

screwdriver or wrench. 

B.  Where the Government determines that unsatisfactory  splices or 

terminations have been installed, replace the splic es or terminations 

at no additional cost to the Government. 

3.4 CONDUCTOR IDENTIFICATION 

A.  When using colored tape to identify phase, neutral,  and ground 

conductors larger than No. 8 AWG, apply tape in hal f-overlapping turns 

for a minimum of 75 mm (3 inches) from terminal poi nts, and in junction 

boxes, pullboxes, and manholes. Apply the last two laps of tape with no 

tension to prevent possible unwinding. Where cable markings are covered 

by tape, apply tags to cable, stating size and insu lation type. 

3.5 FEEDER CONDUCTOR IDENTIFICATION 

A.  In each interior pullbox and each underground manho le and handhole, 

install brass tags on all feeder conductors to clea rly designate their 

circuit identification and voltage. The tags shall be the embossed 

type, 40 mm (1-1/2 inches) in diameter and 40 mils thick. Attach tags 

with plastic ties.  
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3.6 EXISTING CONDUCTORS 

A.  Unless specifically indicated on the plans, existin g conductors shall 

not be reused.  

3.7 CONTROL WIRING INSTALLATION 

A.  Unless otherwise specified in other sections, insta ll control wiring 

and connect to equipment to perform the required fu nctions as specified 

or as shown on the drawings.  

B.  Install a separate power supply circuit for each sy stem, except where 

otherwise shown on the drawings. 

3.8 CONTROL WIRING IDENTIFICATION 

A.  Install a permanent wire marker on each wire at eac h termination. 

B.  Identifying numbers and letters on the wire markers  shall correspond to 

those on the wiring diagrams used for installing th e systems. 

C.  Wire markers shall retain their markings after clea ning. 

D.  In each manhole and handhole, install embossed bras s tags to identify 

the system served and function. 

3.9 ACCEPTANCE CHECKS AND TESTS   

A.  Perform in accordance with the manufacturer's recom mendations.  In 

addition, include the following: 

1.  Visual Inspection and Tests: Inspect physical condi tion. 

2.  Electrical tests: 

a.  After installation but before connection to utiliza tion 

devices, such as fixtures, motors, or appliances, t est 

conductors phase-to-phase and phase-to-ground resis tance with 

an insulation resistance tester.  Existing conducto rs to be 

reused shall also be tested.   

b.  Applied voltage shall be 500 V DC for 300 V rated c able, and 

1000 V DC for 600 V rated cable. Apply test for one  minute or 

until reading is constant for 15 seconds, whichever  is longer. 

Minimum insulation resistance values shall not be l ess than 25 

megohms for 300 V rated cable and 100 megohms for 6 00 V rated 

cable. 

c.  Perform phase rotation test on all three-phase circ uits. 

---END--- 
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SECTION 26 05 26 
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation , connection, and 

testing of grounding and bonding equipment, indicat ed as grounding 

equipment in this section.  

B.  “Grounding electrode system” refers to grounding el ectrode conductors 

and all electrodes required or allowed by NEC, as w ell as made, 

supplementary, and lightning protection system grou nding electrodes. 

C.  The terms “connect” and “bond” are used interchange ably in this section 

and have the same meaning. 

1.2 RELATED WORK  

A.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26.  

B.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

C.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit and 

boxes. 

D.  Section 26 24 16, PANELBOARDS: Low-voltage panelboa rds. 

1.3 QUALITY ASSURANCE 

A.  Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND SE RVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 SUBMITTALS 

A.  Submitthe following in accordance with Section 26 0 5 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.  Shop Drawings: 

a.  Submit sufficient information to demonstrate compli ance 

with drawings and specifications. 

b.  Submit plans showing the location of system groundi ng 

electrodes and connections, and the routing of abov eground 

and underground grounding electrode conductors. 

2.  Test Reports: 

a.  Two weeks prior to the final inspection, submit gro und 

resistance field test reports to the COR. 

3.  Certifications: 
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a.  Certification by the Contractor that the grounding 

equipment has been properly installed and tested.  

1.5 APPLICABLE PUBLICATIONS 

A.  Publications listed below (including amendments, ad denda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only.  

B.  American Society for Testing and Materials (ASTM): 

B1-07...................Standard Specification for Hard-Drawn Copper 

Wire 

B3-07...................Standard Specification for Soft or Annealed 

Copper Wire 

B8-11...................Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard, 

or Soft 

C.  Institute of Electrical and Electronics Engineers, Inc. (IEEE): 

81-83...................IEEE Guide for Measuring Ea rth Resistivity, 

Ground Impedance, and Earth Surface Potentials 

of a Ground System Part 1: Normal Measurements 

D.  National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC)  

70E-12..................National Electrical Safety Code 

99-12...................Health Care Facilities 

E.  Underwriters Laboratories, Inc. (UL):  

44-10 ..................Thermoset-Insulated Wires a nd Cables 

83-08 ..................Thermoplastic-Insulated Wir es and Cables 

467-07 .................Grounding and Bonding Equip ment  

 
PART 2 - PRODUCTS  

2.1 GROUNDING AND BONDING CONDUCTORS  

A.  Equipment grounding conductors shall be insulated s tranded copper, 

except that sizes No. 10 AWG and smaller shall be s olid copper. 

Insulation color shall be continuous green for all equipment grounding 

conductors, except that wire sizes No. 4 AWG and la rger shall be 

identified per NEC. 

B.  Bonding conductors shall be bare stranded copper, e xcept that sizes No. 

10 AWG and smaller shall be bare solid copper.  Bon ding conductors 
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shall be stranded for final connection to motors, t ransformers, and 

vibrating equipment.  

C.  Conductor sizes shall not be less than shown on the  drawings, or not 

less than required by the NEC, whichever is greater . 

D.  Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be u sed for isolated 

power systems. 

2.2 GROUND RODS 

A.  Steel or copper clad steel, 19 mm (0.75 inch) diame ter by 3 M (10 feet) 

long.   

B.  Quantity of rods shall be as shown on the drawings,  and as required to 

obtain the specified ground resistance.  

2.3 CONCRETE ENCASED ELECTRODE 

A.  Concrete encased electrode shall be No. 4 AWG bare copper wire, 

installed per NEC. 

2.4 GROUND CONNECTIONS 

A.  Below Grade and Inaccessible Locations: Exothermic- welded type 

connectors.  

B.  Above Grade: 

1.  Bonding Jumpers: Listed for use with aluminum and c opper 

conductors.  For wire sizes No. 8 AWG and larger, u se 

compression-type connectors.  For wire sizes smalle r than No. 8 

AWG, use mechanical type lugs.  Connectors or lugs shall use 

zinc-plated steel bolts, nuts, and washers.  Bolts shall be 

torqued to the values recommended by the manufactur er. 

2.  Connection to Building Steel: Exothermic-welded typ e connectors. 

3.  Connection to Grounding Bus Bars: Listed for use wi th aluminum 

and copper conductors.  Use mechanical type lugs, w ith zinc-

plated steel bolts, nuts, and washers. Bolts shall be torqued to 

the values recommended by the manufacturer. 

4.  Connection to Equipment Rack and Cabinet Ground Bar s: Listed for 

use with aluminum and copper conductors.  Use mecha nical type 

lugs, with zinc-plated steel bolts, nuts, and washe rs. Bolts 

shall be torqued to the values recommended by the m anufacturer. 

2.5 EQUIPMENT RACK AND CABINET GROUND BARS 

A.  Provide solid copper ground bars designed for mount ing on the framework 

of open or cabinet-enclosed equipment racks.  Groun d bars shall have 

minimum dimensions of 6.3 mm (0.25 inch) thick x 19  mm (0.75 inch) 
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wide, with length as required or as shown on the dr awings.  Provide 

insulators and mounting brackets. 

2.6 GROUND TERMINAL BLOCKS 

A.  At any equipment mounting location (e.g., backboard s and hinged cover 

enclosures) where rack-type ground bars cannot be m ounted, provide 

mechanical type lugs, with zinc-plated steel bolts,  nuts, and washers. 

Bolts shall be torqued to the values recommended by  the manufacturer. 

2.7 GROUNDING BUS BAR 

A.  Pre-drilled rectangular copper bar with stand-off i nsulators, minimum 

6.3 mm (0.25 inch) thick x 100 mm (4 inches) high i n cross-section, 

length as shown on the drawings, with hole size, qu antity, and spacing 

per detail shown on the drawings.  Provide insulato rs and mounting 

brackets. 

 
PART 3 - EXECUTION  

3.1 GENERAL  

A.  Install grounding equipment in accordance with the NEC, as shown on the 

drawings, and as specified herein.  

B.  System Grounding:  

1. Secondary service neutrals: Ground at the supply  side of the 

secondary disconnecting means and at the related tr ansformer.  

2. Separately derived systems (transformers downstr eam from the service 

entrance): Ground the secondary neutral.  

C.  Equipment Grounding: Metallic piping, building stru ctural steel, 

electrical enclosures, raceways, junction boxes, ou tlet boxes, 

cabinets, machine frames, and other conductive item s in close proximity 

with electrical circuits, shall be bonded and groun ded.  

D.  For patient care area electrical power system groun ding, conform to 

NFPA 99 and NEC.  

3.2 INACCESSIBLE GROUNDING CONNECTIONS 

A.  Make grounding connections, which are normally buri ed or otherwise 

inaccessible, by exothermic weld. 

3.3 MEDIUM-VOLTAGE EQUIPMENT AND CIRCUITS  

A.  Switchgear: Provide a bare grounding electrode cond uctor from the 

switchgear ground bus to the grounding electrode sy stem.  

B.  Duct Banks and Manholes: Provide an insulated equip ment grounding 

conductor in each duct containing medium-voltage co nductors, sized per 

NEC except that minimum size shall be No. 2 AWG. Bo nd the equipment 
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grounding conductors to the switchgear ground bus, to all manhole 

grounding provisions and hardware, to the cable shi eld grounding 

provisions of medium-voltage cable splices and term inations, and to 

equipment enclosures.  

C.  Pad-Mounted Transformers:  

1.  Provide a driven ground rod and bond with a groundi ng electrode 

conductor to the transformer grounding pad.  

2.  Ground the secondary neutral.  

D.  Lightning Arresters: Connect lightning arresters to  the equipment 

ground bus or ground rods as applicable.  

3.4 SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS  

A.  Main Bonding Jumper: Bond the secondary service neu tral to the ground 

bus in the service equipment.  

B.  Metallic Piping, Building Structural Steel, and Sup plemental 

Electrode(s):  

1.  Provide a grounding electrode conductor sized per N EC between the 

service equipment ground bus and all metallic water  pipe systems, 

building structural steel, and supplemental or made  electrodes. 

Provide jumpers across insulating joints in the met allic piping.  

2.  Provide a supplemental ground electrode as shown on  the drawings 

and bond to the grounding electrode system.  

C.  Switchgear, Switchboards, Unit Substations, Panelbo ards, Motor Control 

Centers, Engine-Generators, Automatic Transfer Swit ches, and other 

electrical equipment:  

1.  Connect the equipment grounding conductors to the g round bus.  

2.  Connect metallic conduits by grounding bushings and  equipment 

grounding conductor to the equipment ground bus. 

D.  Transformers:  

1.  Exterior: Exterior transformers supplying interior service 

equipment shall have the neutral grounded at the tr ansformer 

secondary. Provide a grounding electrode at the tra nsformer.  

2.  Separately derived systems (transformers downstream  from service 

equipment): Ground the secondary neutral at the tra nsformer. 

Provide a grounding electrode conductor from the tr ansformer to 

the nearest component of the grounding electrode sy stem. 

3.5 RACEWAY  

A.  Conduit Systems: 
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1.  Ground all metallic conduit systems. All metallic c onduit systems 

shall contain an equipment grounding conductor.  

2.  Non-metallic conduit systems, except non-metallic f eeder conduits 

that carry a grounded conductor from exterior trans formers to 

interior or building-mounted service entrance equip ment, shall 

contain an equipment grounding conductor. 

3.  Metallic conduit that only contains a grounding con ductor, and is 

provided for its mechanical protection, shall be bo nded to that 

conductor at the entrance and exit from the conduit . 

4.  Metallic conduits which terminate without mechanica l connection 

to an electrical equipment housing by means of lock nut and 

bushings or adapters, shall be provided with ground ing bushings. 

Connect bushings with a equipment grounding conduct or to the 

equipment ground bus. 

B.  Feeders and Branch Circuits: Install equipment grou nding conductors 

with all feeders, and power and lighting branch cir cuits.  

C.  Boxes, Cabinets, Enclosures, and Panelboards:  

1.  Bond the equipment grounding conductor to each pull box, junction 

box, outlet box, device box, cabinets, and other en closures 

through which the conductor passes (except for spec ial grounding 

systems for intensive care units and other critical  units shown).  

2.  Provide lugs in each box and enclosure for equipmen t grounding 

conductor termination. 

D.  Wireway Systems: 

1.  Bond the metallic structures of wireway to provide electrical 

continuity throughout the wireway system, by connec ting a No. 6 

AWG bonding jumper at all intermediate metallic enc losures and 

across all section junctions. 

2.  Install insulated No. 6 AWG bonding jumpers between  the wireway 

system, bonded as required above, and the closest b uilding ground 

at each end and approximately every 16 M (50 feet).  

3.  Use insulated No. 6 AWG bonding jumpers to ground o r bond 

metallic wireway at each end for all intermediate m etallic 

enclosures and across all section junctions. 

4.  Use insulated No. 6 AWG bonding jumpers to ground c able tray to 

column-mounted building ground plates (pads) at eac h end and 

approximately every 15 M (49 feet). 
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E.  Receptacles shall not be grounded through their mou nting screws. Ground 

receptacles with a jumper from the receptacle green  ground terminal to 

the device box ground screw and a jumper to the bra nch circuit 

equipment grounding conductor.  

F.  Ground lighting fixtures to the equipment grounding  conductor of the 

wiring system. Fixtures connected with flexible con duit shall have a 

green ground wire included with the power wires fro m the fixture 

through the flexible conduit to the first outlet bo x.  

G.  Fixed electrical appliances and equipment shall be provided with a 

ground lug for termination of the equipment groundi ng conductor.  

H.  Raised Floors: Provide bonding for all raised floor  components as shown 

on the drawings. 

I.  Panelboard Bonding in Patient Care Areas: The equip ment grounding 

terminal buses of the normal and essential branch c ircuit panel boards 

serving the same individual patient vicinity shall be bonded together 

with an insulated continuous copper conductor not l ess than No. 10 AWG, 

installed in rigid metal conduit.  

3.6 OUTDOOR METALLIC FENCES AROUND ELECTRICAL EQUIPMENT  

A.  Fences shall be grounded with a ground rod at each fixed gate post and 

at each corner post. 

B.  Drive ground rods until the top is 300 mm (12 inche s) below grade. 

Attach a No. 4 AWG copper conductor by exothermic w eld to the ground 

rods, and extend underground to the immediate vicin ity of fence post. 

Lace the conductor vertically into 300 mm (12 inche s) of fence mesh and 

fasten by two approved bronze compression fittings,  one to bond the 

wire to post and the other to bond the wire to fenc e. Each gate section 

shall be bonded to its gatepost by a 3 mm x 25 mm ( 0.375 inch x 1 inch) 

flexible, braided copper strap and ground post clam ps. Clamps shall be 

of the anti-electrolysis type.  

3.7 CORROSION INHIBITORS 

A.  When making grounding and bonding connections, appl y a corrosion 

inhibitor to all contact surfaces.  Use corrosion i nhibitor appropriate 

for protecting a connection between the metals used . 

3.8 CONDUCTIVE PIPING  

A.  Bond all conductive piping systems, interior and ex terior, to the 

grounding electrode system. Bonding connections sha ll be made as close 

as practical to the equipment ground bus.  
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B.  In operating rooms and at intensive care and corona ry care type beds, 

bond the medical gas piping and medical vacuum pipi ng at the outlets 

directly to the patient ground bus.  

3.9 LIGHTNING PROTECTION SYSTEM 

A.  Bond the lightning protection system to the electri cal grounding 

electrode system. 

3.10 MAIN ELECTRICAL ROOM GROUNDING 

A.  Provide ground bus bar and mounting hardware at eac h main electrical 

room where incoming feeders are terminated, as show n on the drawings. 

Connect to pigtail extensions of the building groun ding ring, as shown 

on the drawings. 

3.11 EXTERIOR LIGHT POLES 

A.  Provide 6.1 M (20 feet) of No. 4 AWG bare copper co iled at bottom of 

pole base excavation prior to pour, plus additional  unspliced length in 

and above foundation as required to reach pole grou nd stud. 

3.12 GROUND RESISTANCE  

A.  Grounding system resistance to ground shall not exc eed 5 ohms. Make any 

modifications or additions to the grounding electro de system necessary 

for compliance without additional cost to the Gover nment. Final tests 

shall ensure that this requirement is met. 

B.  Grounding system resistance shall comply with the e lectric utility 

company ground resistance requirements.  

3.13 GROUND ROD INSTALLATION  

A.  For outdoor installations, drive each rod verticall y in the earth, 

until top of rod is 610 mm (24 inches) below final grade. 

B.  For indoor installations, leave 100 mm (4 inches) o f each rod exposed.  

C.  Where buried or permanently concealed ground connec tions are required, 

make the connections by the exothermic process, to form solid metal 

joints. Make accessible ground connections with mec hanical pressure-

type ground connectors.  

D.  Where rock or impenetrable soil prevents the drivin g of vertical ground 

rods, install angled ground rods or grounding elect rodes in horizontal 

trenches to achieve the specified ground resistance .  

3.14 ACCEPTANCE CHECKS AND TESTS  

A.  Resistance of the grounding electrode system shall be measured using a 

four-terminal fall-of-potential method as defined i n IEEE 81. Ground 

resistance measurements shall be made before the el ectrical 
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distribution system is energized or connected to th e electric utility 

company ground system, and shall be made in normall y dry conditions not 

fewer than 48 hours after the last rainfall.  

C.  Resistance measurements of separate grounding elect rode systems shall 

be made before the systems are bonded together.  Th e combined 

resistance of separate systems may be used to meet the required 

resistance, but the specified number of electrodes must still be 

provided. 

D.  Below-grade connections shall be visually inspected  by the COR prior to 

backfilling.  The Contractor shall notify the COR 2 4 hours before the 

connections are ready for inspection. 

---END--- 
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SECTION 26 05 33 
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A.  This section specifies the furnishing, installation , and connection of 

conduit, fittings, and boxes, to form complete, coo rdinated, grounded 

raceway systems. Raceways are required for all wiri ng unless shown or 

specified otherwise. 

B.  Definitions: The term conduit, as used in this spec ification, shall mean 

any or all of the raceway types specified. 

1.2 RELATED WORK  

A.  Section 06 10 00, ROUGH CARPENTRY: Mounting board f or telephone closets. 

B.  Section 07 84 00, FIRESTOPPING: Sealing around pene trations to maintain 

the integrity of fire rated construction. 

C.  Section 07 92 00, JOINT SEALANTS: Sealing around co nduit penetrations 

through the building envelope to prevent moisture m igration into the 

building. 

D.  Section 09 91 00, PAINTING: Identification and pain ting of conduit and 

other devices. 

E.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: General 

electrical requirements and items that are common t o more than one 

section of Division 26. 

F.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

1.3 QUALITY ASSURANCE 

 Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1.4 SUBMITTALS 

 In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL 

INSTALLATIONS, submit the following: 

A. Manufacturer's Literature and Data: Showing each  cable type and rating. 

The specific item proposed and its area of applicat ion shall be 

identified on the catalog cuts. 

B. Shop Drawings: 

1. Size and location of main feeders. 

2. Size and location of panels and pull-boxes. 

3. Layout of required conduit penetrations through structural elements. 

C. Certifications:  
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1. Two weeks prior to the final inspection, submit four copies of the 

following certifications to the COR:  

a. Certification by the manufacturer that the mater ial conforms to 

the requirements of the drawings and specifications .  

b. Certification by the contractor that the materia l has been 

properly installed.  

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the extent 

referenced. Publications are referenced in the text  by designation only. 

B. American National Standards Institute (ANSI): 

C80.1-05................Electrical Rigid Steel Cond uit 

C80.3-05................Steel Electrical Metal Tubi ng 

C80.6-05................Electrical Intermediate Met al Conduit 

C. National Fire Protection Association (NFPA): 

70-08...................National Electrical Code (N EC) 

D. Underwriters Laboratories, Inc. (UL): 

1-05....................Flexible Metal Conduit  

5-04....................Surface Metal Raceway and F ittings 

6-07....................Electrical Rigid Metal Cond uit - Steel 

50-95...................Enclosures for Electrical E quipment 

360-093.................Liquid-Tight Flexible Steel  Conduit 

467-07..................Grounding and Bonding Equip ment 

514A-04.................Metallic Outlet Boxes 

514B-04.................Conduit, Tubing, and Cable Fittings 

514C-96.................Nonmetallic Outlet Boxes, F lush-Device Boxes and 

Covers  

651-05..................Schedule 40 and 80 Rigid PV C Conduit and 

Fittings 

651A-00.................Type EB and A Rigid PVC Con duit and HDPE Conduit 

797-07..................Electrical Metallic Tubing 

1242-06.................Electrical Intermediate Met al Conduit - Steel 

E. National Electrical Manufacturers Association (N EMA): 

TC-2-03.................Electrical Polyvinyl Chlori de (PVC) Tubing and  

Conduit 

TC-3-04.................PVC Fittings for Use with R igid PVC Conduit and 

Tubing 

FB1-07..................Fittings, Cast Metal Boxes and Conduit Bodies 

for Conduit, Electrical Metallic Tubing and 

Cable 
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PART 2 - PRODUCTS 

2.1 MATERIAL 

A.  Conduit Size: In accordance with the NEC, but not l ess than 0.75 in [19 

mm] unless otherwise shown. Where permitted by the NEC, 0.75 in [19 mm] 

flexible conduit may be used for tap connections to  recessed lighting 

fixtures. 

B.  Conduit:  

1.  Rigid steel: Shall conform to UL 6 and ANSI C80.1. 

2.  Rigid aluminum: Shall conform to UL 6A and ANSI C80 .5.  

3.  Rigid intermediate steel conduit (IMC): Shall confo rm to UL 1242 and 

ANSI C80.6. 

4.  Electrical metallic tubing (EMT): Shall conform to UL 797 and ANSI 

C80.3. Maximum size not to exceed 4 in [105 mm] and  shall be 

permitted only with cable rated 600 V or less. 

5.  Flexible galvanized steel conduit: Shall conform to  UL 1. 

6.  Liquid-tight flexible metal conduit: Shall conform to UL 360. 

7.  Direct burial plastic conduit: Shall conform to UL 651 and UL 651A, 

heavy wall PVC or high density polyethylene (PE). 

8.  Surface metal raceway: Shall conform to UL 5. 

C.  Conduit Fittings:  

1.  Rigid steel and IMC conduit fittings:  

a.  Fittings shall meet the requirements of UL 514B and  NEMA FB1. 

b.  Standard threaded couplings, locknuts, bushings, co nduit bodies, 

and elbows: Only steel or malleable iron materials are acceptable. 

Integral retractable type IMC couplings are also ac ceptable. 

c.  Locknuts: Bonding type with sharp edges for digging  into the metal 

wall of an enclosure. 

d.  Bushings: Metallic insulating type, consisting of a n insulating 

insert, molded or locked into the metallic body of the fitting. 

Bushings made entirely of metal or nonmetallic mate rial are not 

permitted. 

e.  Erickson (union-type) and set screw type couplings:  Approved for 

use in concrete are permitted for use to complete a  conduit run 

where conduit is installed in concrete. Use set scr ews of case-

hardened steel with hex head and cup point to firml y seat in 

conduit wall for positive ground. Tightening of set  screws with 

pliers is prohibited. 

f.  Sealing fittings: Threaded cast iron type. Use cont inuous drain-

type sealing fittings to prevent passage of water v apor. In 

concealed work, install fittings in flush steel box es with blank 
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cover plates having the same finishes as that of ot her electrical 

plates in the room. 

2.  Rigid aluminum conduit fittings: 

a.  Standard threaded couplings, locknuts, bushings, co nduit bodies, 

and elbows: Malleable iron, steel or aluminum alloy  materials; 

Zinc or cadmium plate iron or steel fittings. Alumi num fittings 

containing more than 0.4% copper are prohibited. 

b.  Locknuts and bushings: As specified for rigid steel  and IMC 

conduit. 

c.  Set screw fittings: Not permitted for use with alum inum conduit. 

3.  Electrical metallic tubing fittings:  

a. Fittings and conduit bodies shall meet the requi rements of UL 

514B, ANSI C80.3, and NEMA FB1. 

b. Only steel or malleable iron materials are accep table. 

c. Couplings and connectors: Concrete tight and rai n tight, with 

connectors having insulated throats. Use gland and ring 

compression type couplings and connectors for condu it sizes 50 mm 

(2 inches) and smaller. Use set screw type coupling s with four set 

screws each for conduit sizes over 50 mm (2 inches) . Use set 

screws of case-hardened steel with hex head and cup  point to 

firmly seat in wall of conduit for positive groundi ng. 

d. Indent-type connectors or couplings are prohibit ed. 

e. Die-cast or pressure-cast zinc-alloy fittings or  fittings made of 

"pot metal" are prohibited. 

4.  Flexible steel conduit fittings: 

a. Conform to UL 514B. Only steel or malleable iron  materials are 

acceptable. 

b. Clamp-type, with insulated throat. 

5.  Liquid-tight flexible metal conduit fittings: 

a. Fittings shall meet the requirements of UL 514B and NEMA FB1. 

b. Only steel or malleable iron materials are accep table. 

c. Fittings must incorporate a threaded grounding c one, a steel or 

plastic compression ring, and a gland for tightenin g. Connectors 

shall have insulated throats. 

6.  Direct burial plastic conduit fittings:  

 Fittings shall meet the requirements of UL 514C an d NEMA TC3. 

7.  Surface metal raceway fittings: As recommended by t he raceway 

manufacturer. Include couplings, offsets, elbows, e xpansion joints, 

adapters, hold-down straps, end caps, conduit entry  fittings, 

accessories, and other fittings as required for com plete system. 
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8.  Expansion and deflection couplings: 

a. Conform to UL 467 and UL 514B. 

b. Accommodate a 0.75 in [19 mm] deflection, expans ion, or 

contraction in any direction, and allow 30 degree a ngular 

deflections. 

c. Include internal flexible metal braid, sized to guarantee conduit 

ground continuity and a low-impedance path for faul t currents, in 

accordance with UL 467 and the NEC tables for equip ment grounding 

conductors. 

d. Jacket: Flexible, corrosion-resistant, watertigh t, moisture and 

heat-resistant molded rubber material with stainles s steel jacket 

clamps. 

D.  Conduit Supports: 

1.  Parts and hardware: Zinc-coat or provide equivalent  corrosion 

protection. 

2.  Individual Conduit Hangers: Designed for the purpos e, having a 

pre-assembled closure bolt and nut, and provisions for receiving a 

hanger rod. 

3.  Multiple conduit (trapeze) hangers: Not less than 1 .5 x 1.5 in [38 

mm x 38 mm], 12-gauge steel, cold-formed, lipped ch annels; with 

not less than 0.375 in [9 mm] diameter steel hanger  rods. 

4.  Solid Masonry and Concrete Anchors: Self-drilling e xpansion 

shields, or machine bolt expansion. 

E.  Outlet, Junction, and Pull Boxes: 

1.  UL-50 and UL-514A. 

2.  Cast metal where required by the NEC or shown, and equipped with 

rustproof boxes. 

3.  Sheet metal boxes: Galvanized steel, except where o therwise shown. 

4.  Flush-mounted wall or ceiling boxes shall be instal led with raised 

covers so that the front face of raised cover is fl ush with the wall. 

Surface-mounted wall or ceiling boxes shall be inst alled with 

surface-style flat or raised covers. 

F.  Wireways: Equip with hinged covers, except where re movable covers are 

shown. Include couplings, offsets, elbows, expansio n joints, adapters, 

hold-down straps, end caps, and other fittings to m atch and mate with 

wireways as required for a complete system. 

PART 3 - EXECUTION 

3.1 PENETRATIONS 

A.  Cutting or Holes: 
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a.  Cut holes in advance where they should be placed in  the structural 

elements, such as ribs or beams. Obtain the approva l of the COR 

prior to drilling through structural elements. 

b.  Cut holes through concrete and masonry in new and e xisting 

structures with a diamond core drill or concrete sa w. Pneumatic 

hammers, impact electric, hand, or manual hammer-ty pe drills are 

not allowed, except where permitted by the COR as r equired by 

limited working space. 

B.  Firestop: Where conduits, wireways, and other elect rical raceways pass 

through fire partitions, fire walls, smoke partitio ns, or floors, 

install a fire stop that provides an effective barr ier against the 

spread of fire, smoke and gases as specified in Sec tion 07 84 00, 

FIRESTOPPING. 

C.  Waterproofing: At floor, exterior wall, and roof co nduit penetrations, 

completely seal clearances around the conduit and m ake watertight. 

3.2 INSTALLATION, GENERAL 

A.  In accordance with UL, NEC, as shown, and as specif ied herein. 

B.  Essential (Emergency) raceway systems shall be enti rely independent of 

other raceway systems, except where shown on drawin gs. 

C.  Install conduit as follows: 

1.  In complete mechanically and electrically continuou s runs before 

pulling in cables or wires. 

2.  Unless otherwise indicated on the drawings or speci fied herein, 

installation of all conduits shall be concealed wit hin finished 

walls, floors, and ceilings.  

3.  Flattened, dented, or deformed conduit is not permi tted. Remove and 

replace the damaged conduits with new undamaged mat erial. 

4.  Assure conduit installation does not encroach into the ceiling height 

head room, walkways, or doorways. 

5.  Cut square, ream, remove burrs, and draw up tight. 

6.  Independently support conduit at 8 ft [2.4 M] on ce nters. Do not use 

other supports, i.e., suspended ceilings, suspended  ceiling 

supporting members, lighting fixtures, conduits, me chanical piping, 

or mechanical ducts. 

7.  Support within 12 in [300 mm] of changes of directi on, and within 12 

in [300 mm] of each enclosure to which connected. 

8.  Close ends of empty conduit with plugs or caps at t he rough-in stage 

until wires are pulled in, to prevent entry of debr is. 

9.  Conduit installations under fume and vent hoods are  prohibited. 
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10.Secure conduits to cabinets, junction boxes, pul l-boxes, and outlet 

boxes with bonding type locknuts. For rigid and IMC  conduit 

installations, provide a locknut on the inside of t he enclosure, made 

up wrench tight. Do not make conduit connections to  junction box 

covers. 

11.Flashing of penetrations of the roof membrane as  specified. 

12.Conduit bodies shall only be used for changes in  direction, and shall 

not contain splices. 

13.Do not use aluminum conduits in wet locations. 

D.  Conduit Bends: 

1.  Make bends with standard conduit bending machines. 

2.  Conduit hickey may be used for slight offsets and f or straightening 

stubbed out conduits. 

3.  Bending of conduits with a pipe tee or vise is proh ibited. 

E.  Layout and Homeruns: 

1.  Install conduit with wiring, including homeruns, as  shown on 

drawings. 

2.  Deviations: Make only where necessary to avoid inte rferences and only 

after drawings showing the proposed deviations have  been submitted 

approved by the COR. 

3.3 CONCEALED WORK INSTALLATION  

A.  In Concrete: 

1.  Conduit: Rigid steel, IMC, or EMT. Do not install E MT in concrete 

slabs that are in contact with soil, gravel, or vap or barriers. 

2.  Align and run conduit in direct lines. 

3.  Install conduit through concrete beams only: 

a.  Where shown on the structural drawings. 

b.  As approved by the COR prior to construction, and a fter submittal 

of drawing showing location, size, and position of each 

penetration. 

c.  Installation of conduit in concrete that is less th an 3 in [75 mm] 

thick is prohibited. 

d.  Conduit outside diameter larger than one-third of t he slab 

thickness is prohibited. 

e.  Space between conduits in slabs: Approximately six conduit 

diameters apart, and one conduit diameter at condui t crossings.  

f.  Install conduits approximately in the center of the  slab so that 

there will be a minimum of 0.75 in [19 mm] of concr ete around the 

conduits. 
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4.  Make couplings and connections watertight. Use thre ad compounds that 

are UL approved conductive type to ensure low resis tance ground 

continuity through the conduits. Tightening setscre ws with pliers is 

prohibited. 

B.  Above Furred or Suspended Ceilings and in Walls: 

 
1.  Conduit for conductors above 600 V: Rigid steel or rigid aluminum. 

Mixing different types of conduits indiscriminately  in the same 

system is prohibited. 

2.  Conduit for conductors 600 V and below: Rigid steel , IMC, rigid 

aluminum, or EMT. Mixing different types of conduit s 

indiscriminately in the same system is prohibited. 

3.  Align and run conduit parallel or perpendicular to the building 

lines. 

4.  Connect recessed lighting fixtures to conduit runs with maximum 6 

ft [1.8 M] of flexible metal conduit extending from  a junction box 

to the fixture. 

5.  Tightening setscrews with pliers is prohibited. 

3.4 EXPOSED WORK INSTALLATION 

A.  Unless otherwise indicated on the drawings, exposed  conduit is only 

permitted in mechanical and electrical rooms. 

 
B.  Conduit for Conductors above 600 V: Rigid steel or rigid aluminum. 

Mixing different types of conduits indiscriminately  in the system is 

prohibited. 

C.  Conduit for Conductors 600 V and Below: Rigid steel , IMC, rigid 

aluminum, or EMT. Mixing different types of conduit s indiscriminately in 

the system is prohibited. 

D.  Align and run conduit parallel or perpendicular to the building lines. 

E.  Install horizontal runs close to the ceiling or bea ms and secure with 

conduit straps. 

F.  Support horizontal or vertical runs at not over 8 f t [2.4 M] intervals. 

G.  Surface metal raceways: Use only where shown. 

H.  Painting: 

a.  Paint exposed conduit as specified. 

b.  Paint all conduits containing cables rated over 600  V safety 

orange. Refer to specifications for preparation, pa int type, and 

exact color. In addition, paint legends, using 2 in  [50 mm] high 

black numerals and letters, showing the cable volta ge rating. 

Provide legends where conduits pass through walls a nd floors and 

at maximum 20 ft [6 M] intervals in between. 
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3.5 HAZARDOUS LOCATIONS 

A. Use rigid steel conduit only, notwithstanding re quirements otherwise 

specified in this or other sections of these specif ications. 

B. Install UL approved sealing fittings that preven t passage of explosive 

vapors in hazardous areas equipped with explosion-p roof lighting 

fixtures, switches, and receptacles, as required by  the NEC. 

3.6 WET OR DAMP LOCATIONS 

A. Unless otherwise shown, use conduits of rigid st eel or IMC. 

B. Provide sealing fittings to prevent passage of w ater vapor where 

conduits pass from warm to cold locations, i.e., re frigerated spaces, 

constant-temperature rooms, air-conditioned spaces,  building exterior 

walls, roofs, or similar spaces. 

C. Unless otherwise shown, use rigid steel or IMC c onduit within 5 ft [1.5 

M] of the exterior and below concrete building slab s in contact with 

soil, gravel, or vapor barriers. Conduit shall be h alf-lapped with 10 

mil PVC tape before installation. After installatio n, completely recoat 

or retape any damaged areas of coating. 

3.7 MOTORS AND VIBRATING EQUIPMENT 

A. Use flexible metal conduit for connections to mo tors and other 

electrical equipment subject to movement, vibration , misalignment, 

cramped quarters, or noise transmission.  

B. Use liquid-tight flexible metal conduit for inst allation in exterior 

locations, moisture or humidity laden atmosphere, c orrosive atmosphere, 

water or spray wash-down operations, inside airstre am of HVAC units, and 

locations subject to seepage or dripping of oil, gr ease, or water. 

Provide a green equipment grounding conductor with flexible metal 

conduit. 

3.8 EXPANSION JOINTS 

A. Conduits 3 in [75 mm] and larger that are secure d to the building 

structure on opposite sides of a building expansion  joint require 

expansion and deflection couplings. Install the cou plings in accordance 

with the manufacturer's recommendations. 

B. Provide conduits smaller than 3 in [75 mm] with junction boxes on both 

sides of the expansion joint. Connect conduits to j unction boxes with 

sufficient slack of flexible conduit to produce 5 i n [125 mm] vertical 

drop midway between the ends. Flexible conduit shal l have a bonding 

jumper installed. In lieu of this flexible conduit,  expansion and 

deflection couplings as specified above for conduit s 15 in [375 mm] and 

larger are acceptable. 

C. Install expansion and deflection couplings where  shown. 
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3.9 CONDUIT SUPPORTS, INSTALLATION  

A.  Safe working load shall not exceed one-quarter of p roof test load of 

fastening devices. 

B.  Use pipe straps or individual conduit hangers for s upporting individual 

conduits. 

C.  Support multiple conduit runs with trapeze hangers.  Use trapeze hangers 

that are designed to support a load equal to or gre ater than the sum of 

the weights of the conduits, wires, hanger itself, and 200 lbs [90 kg]. 

Attach each conduit with U-bolts or other approved fasteners. 

D.  Support conduit independently of junction boxes, pu ll-boxes, fixtures, 

suspended ceiling T-bars, angle supports, and simil ar items. 

E.  Fasteners and Supports in Solid Masonry and Concret e: 

1.  New Construction: Use steel or malleable iron concr ete inserts set in 

place prior to placing the concrete. 

2.  Existing Construction: 

a.  Steel expansion anchors not less than 0.25 in [6 mm ] bolt size and 

not less than 1.125 in [28 mm] embedment. 

b.  Power set fasteners not less than 0.25 in [6 mm] di ameter with 

depth of penetration not less than 3 in [75 mm]. 

c.  Use vibration and shock-resistant anchors and faste ners for 

attaching to concrete ceilings. 

F.  Hollow Masonry: Toggle bolts.  

G.  Bolts supported only by plaster or gypsum wallboard  are not acceptable. 

H.  Metal Structures: Use machine screw fasteners or ot her devices 

specifically designed and approved for the applicat ion. 

I.  Attachment by wood plugs, rawl plug, plastic, lead or soft metal 

anchors, or wood blocking and bolts supported only by plaster is 

prohibited. 

J.  Chain, wire, or perforated strap shall not be used to support or fasten 

conduit. 

K.  Spring steel type supports or fasteners are prohibi ted for all uses 

except horizontal and vertical supports/fasteners w ithin walls. 

L.  Vertical Supports: Vertical conduit runs shall have  riser clamps and 

supports in accordance with the NEC and as shown. P rovide supports for 

cable and wire with fittings that include internal wedges and retaining 

collars. 

3.10 BOX INSTALLATION  

A.  Boxes for Concealed Conduits: 

1.  Flush-mounted. 
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2.  Provide raised covers for boxes to suit the wall or  ceiling, 

construction, and finish. 

B.  In addition to boxes shown, install additional boxe s where needed to 

prevent damage to cables and wires during pulling-i n operations.  

C.  Remove only knockouts as required and plug unused o penings. Use threaded 

plugs for cast metal boxes and snap-in metal covers  for sheet metal 

boxes. 

D.  Outlet boxes mounted back-to-back in the same wall are prohibited. A 

minimum 24 in [600 mm] center-to-center lateral spa cing shall be 

maintained between boxes.  

E.  Minimum size of outlet boxes for ground fault inter rupter (GFI) 

receptacles is 4 in [100 mm] square x 2.125 in [55 mm] deep, with device 

covers for the wall material and thickness involved . 

F.  Stencil or install phenolic nameplates on covers of  the boxes identified 

on riser diagrams; for example "SIG-FA JB No. 1."  

G.  On all branch circuit junction box covers, identify  the circuits with 

black marker. 

- - - E N D - - - 
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SECTION 26 24 13 
DISTRIBUTION SWITCHBOARDS 

 
PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, connection, and 

testing of the low-voltage circuit-breaker distribu tion switchboards, 

indicated as switchboard(s) in this section.  

1.2 RELATED WORK 

A.  Section 03 30 00, MISCELLANEOUS CAST-IN-PLACE CONCR ETE:  Requirements 

for concrete equipment pads. 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

D.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible fault currents. 

E.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 FACTORY TESTS 

A. Switchboards shall be thoroughly tested at the f actory to assure that 

there are no electrical or mechanical defects.  Tes ts shall be 

conducted as per NEMA PB 2. Factory tests shall be certified.  

B. The following additional tests shall be performe d: 

1. Verify that circuit breaker sizes and types corr espond to drawings, 

and the Overcurrent Protective Device Coordination Study. 

2. Verify tightness of bolted electrical connection s by calibrated 

torque-wrench method in accordance with manufacture r’s published 

data. 

4. Exercise all active components. 

5. Perform an insulation-resistance test, phase to ground, on each bus 

section, with phases not under test grounded, in ac cordance with 

manufacturer’s published data. 

6. Perform insulation-resistance tests on control w iring with respect 

to ground. Applied potential shall be 500 V DC for 300-volt rated 
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cable and 1000 V DC for 600-volt rated cable, or as  required if 

solid-state components or control devices cannot to lerate the 

applied voltage. 

7. If applicable, verify correct function of contro l transfer relays 

located in the switchboard with multiple control po wer sources. 

8. Perform phasing checks on double-ended or dual-s ource switchboards 

to insure correct bus phasing from each source. 

C. Furnish four (4) copies of certified manufacture r's factory test 

reports prior to shipment of the switchboards to en sure that the 

switchboards have been successfully tested as speci fied. 

 
1.5 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings:  

a. Switchboard shop drawings shall be submitted to consulting 

engineer who will complete Overcurrent Protective D evice 

Coordination Study and send to contractor along wit h returned 

shop drawings. 

b. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

c. Prior to fabrication of switchboards, submit the  following data 

for approval: 

1) Complete electrical ratings. 

2) Circuit breaker sizes. 

3) Interrupting ratings. 

4) Safety features. 

5) Accessories and nameplate data. 

6) Switchboard one line diagram, showing ampere rat ing, number of 

bars per phase and neutral in each bus run (horizon tal and 

vertical), bus spacing, equipment ground bus, and b us 

material. 

7) Elementary and interconnection wiring diagrams. 

8) Technical data for each component. 

9) Dimensioned exterior views of the switchboard. 

10) Dimensioned section views of the switchboard. 

11) Floor plan of the switchboard. 

12) Foundation plan for the switchboard. 
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13) Provisions and required locations for external conduit and 

wiring entrances. 

2. Manuals: 

a. Submit, simultaneously with the shop drawings, c ompanion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets, wiring diagrams, and informa tion for 

ordering replacement parts. 

1) Schematic signal and control diagrams, with all terminals 

identified, matching terminal identification in the  

switchboard. 

2) Include information for testing, repair, trouble  shooting, 

assembly, disassembly, and factory recommended/requ ired 

periodic maintenance procedures and frequency.  

3) Provide a replacement and spare parts list. Incl ude a list of 

tools and instruments for testing and maintenance p urposes.  

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the manufacturer that the switc hboards conform 

to the requirements of the drawings and specificati ons. 

b. Certification by the Contractor that the switchb oards have been 

properly installed, adjusted, and tested. 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements and errata) form a part of this specifi cation to the extent 

referenced.  Publications are referenced in the tex t by basic 

designation only.  

B. Institute of Engineering and Electronic Engineer s (IEEE):  

C37.13-08...............Low Voltage AC Power Circui t Breakers Used in 

Enclosures  

C57.13-08...............Instrument Transformers 

C62.41.1-03.............Surge Environment in Low-vo ltage (1000V and 

less) AC Power Circuits 

C62.45-92...............Surge Testing for Equipment  connected to Low-

Voltage AC Power Circuits 
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C. International Code Council (ICC): 

IBC-12..................International Building Code  

D. National Electrical Manufacturer's Association ( NEMA): 

PB-2-06.................Deadfront Distribution Swit chboards 

PB-2.1-07...............Proper Handling, Installati on, Operation, and 

Maintenance of Deadfront Distribution 

Switchboards Rated 600 Volts or Less 

E. National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC) 

F. Underwriters Laboratories, Inc. (UL):  

67-09...................Panelboards 

489-09..................Molded-Case Circuit Breaker s, Molded-Case 

Switches, and Circuit-Breaker Enclosures 

891-05..................Switchboards 

 
PART 2 - PRODUCTS 

2.1 GENERAL 

A. Shall be in accordance with ANSI, IEEE, NEMA, NF PA, UL, as shown on the 

drawings, and have the following features: 

1. Switchboard shall be a complete, grounded, conti nuous-duty, integral 

assembly, dead-front, dead-rear, self-supporting, i ndoor type 

switchboard assembly. Incorporate devices shown on the drawings and 

all related components required to fulfill operatio nal and 

functional requirements. 

2. Ratings shall not be less than shown on the draw ings. Short circuit 

ratings shall not be less than the available fault current shown in 

the Overcurrent Protective Device Coordination Stud y. 

3. Switchboard shall conform to the arrangements an d details shown on 

the drawings. 

6. Switchboards shall be assembled, connected, and wired at the factory 

so that only external circuit connections are requi red at the 

construction site. Split the structure only as requ ired for shipping 

and installation.  Packaging shall provide adequate  protection 

against rough handling during shipment. 

7. All non-current-carrying parts shall be grounded  per Section 26 05 

26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS fo r additional 

requirements. 

8. Series rated switchboards are not allowed. 
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2.2 BASIC ARRANGEMENT 

A. Type 1: Switchboard shall be front accessible wi th the following 

features: 

1. Device mounting:  

a. Main breaker: Individually mounted and compartme nted or group 

mounted with feeder breakers.  

b. Feeder breakers: Group mounted.  

2. Section alignment: As shown on the drawings.  

3. Accessibility:  

a. Main section line and load terminals: Front and side.  

b. Distribution section line and load terminals: Fr ont.  

c. Through bus connections: Front and end.  

4. Bolted line and load connections.  

5. Full height wiring gutter covers for access to w iring terminals.  

2.3 HOUSING 

A. Shall have the following features: 

1. Frames and enclosures: 

a. The assembly shall be braced with reinforcing gu ssets using 

bolted connections to assure rectangular rigidity. 

b. The enclosure shall be steel, leveled, and not l ess than the 

gauge required by applicable publications. 

c. Die-pierce the holes for connecting adjacent str uctures to insure 

proper alignment, and to allow for future additions . 

d. All bolts, nuts, and washers shall be zinc-plate d. 

B. Finish: 

1. All metal surfaces shall be thoroughly cleaned, phosphatized and 

factory primed prior to applying baked enamel or la cquer finish. 

  2. Provide a light gray finish for indoor switchb oard. 

2.4 BUSES 

A. Bus Bars and Interconnections: 

1. Provide copper phase and neutral buses, fully ra ted for the amperage 

as shown on the drawings for the entire length of t he switchboard.  

Bus laminations shall have a minimum of 6 mm (1/4 i nch) spacing.  

2. Mount the buses on appropriately spaced insulato rs and brace to 

withstand the available short circuit currents. 

3. The bus and bus compartment shall be designed so  that the acceptable 

NEMA standard temperature rises are not exceeded. 
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4. Install a copper ground bus the full length of t he switchboard 

assembly. 

5. Main Bonding Jumper: An un-insulated copper bus,  size as shown on 

drawings, shall interconnect the neutral and ground  buses, when the 

switchboard is used to establish the system common ground point.  

6. All bolts, nuts, and washers shall be zinc-plate d. Bolts shall be 

torqued to the values recommended by the manufactur er. 

7. Make provisions for future bus extensions by mea ns of bolt holes or 

other approved method. 

 
2.5 MAIN CIRCUIT BREAKERS 

A. Type I or Type II Switchboards: Provide molded c ase main circuit 

breakers as shown on the drawings. Circuit breakers  shall be the solid 

state adjustable trip type.  

1. Trip units shall have field adjustable tripping characteristics as 

follows:  

a. Long time pickup.  

b. Long time delay.  

c. Short time pickup.  

d. Short time delay.  

e. Instantaneous.  

2. Breakers with same frame size shall be interchan geable with each 

other. 

  3. Breakers shall be fully rated. 

 
2.6 FEEDER CIRCUIT BREAKERS 

A. Provide molded case circuit breakers as shown on  the drawings.  

 
  B. Provide Non-adjustable Trip Molded Case Circui t Breakers for breakers 

under 225A:  

  

1. Molded case circuit breakers shall have automati c, trip free, non-

adjustable, inverse time characteristics, and insta ntaneous magnetic 

trip. 

2. Breaker features shall be as follows:  

a. A rugged, integral housing of molded insulating material.  

b. Silver alloy contacts.  

c. Arc quenchers and phase barriers for each pole.  

d. Quick-make, quick-break, operating mechanisms.  
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e. A trip element for each pole, thermal magnetic t ype with long 

time delay and instantaneous characteristics, a com mon trip bar 

for all poles and a single operator.  

f. Electrically and mechanically trip free.  

g. An operating handle which indicates ON, TRIPPED,  and OFF 

positions.  

h. Line and load connections shall be bolted.  

i. An overload on one pole of a multipole breaker s hall 

automatically cause all the poles of the breaker to  open. 

  C. Provide Adjustable Trip Molded Case Circuit Br eakers for breakers with 

ratings of 225A or greater:  

1. Provide molded case, solid state adjustable trip  type circuit 

breakers.  

2. Trip units shall have field adjustable tripping characteristics as 

follows:  

a. Long time pickup.  

b. Long time delay.  

c. Short time pickup.  

d. Short time delay.  

e. Instantaneous.  

3. Breakers with same frame size shall be interchan geable with each 

other.  

2.7 OTHER EQUIPMENT  

A. Furnish tools and accessories required for circu it breaker and 

switchboard test, inspection, maintenance, and prop er operation. 

  B. Panelboards: Requirements for panelboards show n to be installed in the 

switchboard shall be as shown on the drawings and i n Section 26 24 16, 

PANELBOARDS. 

2.11 CONTROL WIRING 

A. Switchboard control wires shall not be less than  No. 14 AWG copper 600 

volt rated. Install wiring complete at the factory,  adequately bundled 

and protected.  Provide separate control circuit fu ses in each breaker 

compartment and locate for ease of access and maint enance. 

2.12 NAMEPLATES AND MIMIC BUS 

A. Nameplates: For Normal Power system, provide lam inated black phenolic 

resin with white core with 12 mm (1/2 inch) engrave d lettered 

nameplates next to each circuit breaker.  For Essen tial Electrical 
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System, provide laminated red phenolic resin with w hite core with 12 mm 

(1/2 inch) engraved lettered nameplates next to eac h circuit breaker.  

Nameplates shall indicate equipment served, spaces,  or spares in 

accordance with one line diagram shown on drawings.  Nameplates shall be 

mounted with plated screws on front of breakers or on equipment 

enclosure next to breakers.  Mounting nameplates on ly with adhesive is 

not acceptable. 

B. Mimic Bus: Provide an approved mimic bus on fron t of each switchboard 

assembly. Color shall be black for the Normal Power  system and red for 

the Essential Electrical System, either factory-pai nted plastic or 

metal strips. Plastic tape shall not be used. Use s ymbols similar to 

one line diagram shown on drawings. Plastic or meta l strips shall be 

mounted with plated screws. 

 
PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Install switchboards in accordance with the NEC,  as shown on the 

drawings, and as recommended by the manufacturer. 

B. Anchor switchboards with rustproof bolts, nuts, and washers not less 

than 13 mm (1/2 inch) diameter, in accordance with manufacturer’s 

instructions, and as shown on drawings. 

C. Interior Location.  Mount switchboard on concret e slab. Unless 

otherwise indicated, the slab shall be at least 100  mm (4 inches) 

thick. The top of the concrete slab shall be approx imately 100 mm (4 

inches) above finished floor. Edges above floor sha ll have 12.5 mm (1/2 

inch) chamfer. The slab shall be of adequate size t o project at least 

200 mm (8 inches) beyond the equipment. Provide con duit turnups and 

cable entrance space required by the equipment to b e mounted. Seal 

voids around conduit openings in slab with water- a nd oil-resistant 

caulking or sealant. Cut off and bush conduits 75 m m (3 inches) above 

slab surface. Concrete work shall be as specified i n Section 03 30 00, 

CAST-IN-PLACE CONCRETE. 

3.2 ACCEPTANCE CHECKS AND TESTS   

A. Perform in accordance with the manufacturer's re commendations.  In 

addition, include the following: 

1. Visual Inspection and Tests: 

a)  Compare equipment nameplate data with specification s and 

approved shop drawings. 
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b)  Inspect physical, electrical, and mechanical condit ion. 

c)  Verify appropriate anchorage, required area clearan ces, and 

correct alignment. 

d)  Verify that circuit breaker sizes and types corresp ond to 

approved shop drawings. 

e)  Verifying tightness of accessible bolted electrical  

connections by calibrated torque-wrench method, or performing 

thermographic survey after energization. 

f)  Vacuum-clean switchboard enclosure interior.  Clean  

switchboard enclosure exterior. 

g)  Inspect insulators for evidence of physical damage or 

contaminated surfaces. 

h)  Verify correct shutter installation and operation. 

i)  Exercise all active components. 

j)  Verify the correct operation of all sensing devices , alarms, 

and indicating devices. 

k)  Verify that vents are clear. 

2. Electrical tests: 

a. Perform insulation-resistance tests on each bus section. 

b. Perform insulation-resistance test on control wi ring; do not 

perform this test on wiring connected to solid-stat e components. 

c. Perform phasing check on double-ended switchboar ds to ensure 

correct bus phasing from each source. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks, settings, and tests, the 

Contractor shall show by demonstration in service t hat the switchboard 

is in good operating condition and properly perform ing the intended 

function. 

3.4 ONE LINE DIAGRAM AND SEQUENCE OF OPERATION 

A. At final inspection, an as-built one line diagra m shall be laminated or 

mounted under acrylic glass, and installed in a fra me mounted in the 

switchboard room or in the outdoor switchboard encl osure. 

C. Deliver an additional four copies of the as-buil t one line diagram to 

the COR. 
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3.6 AS-LEFT TRIP UNIT SETTINGS 

A. The trip unit settings shall be set in the field  by an authorized 

representative of the switchboard manufacturer per the consulting 

engineer provided Electrical System Protective Devi ce Study.  

C. Post a durable copy of the "as-left" trip unit s ettings in a convenient 

location in the switchboard room. Deliver four addi tional copies of the 

settings to the COR. Furnish this information prior  to the activation 

of the switchboard. 

---END--- 
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SECTION 26 24 16 
PANELBOARDS 

PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, and connection of 

panelboards. 

1.2 RELATED WORK 

A.  Section 09 91 00, PAINTING: Painting of panelboards . 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors.  

D.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personnel safety and to provide a low impedance path 

for possible ground fault currents. 

E.  Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits.  

F.  Section 26 09 23, LIGHTING CONTROLS: Lighting contr ols integral to 

panelboards. 

1.3 QUALITY ASSURANCE 

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND  SERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

1.4 SUBMITTALS 

A. Submit the following in accordance with Section 26 05 11, REQUIREMENTS 

FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings: 

a. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

b. Include electrical ratings, dimensions, mounting  details, 

materials, required clearances, terminations, weigh t, circuit 

breakers, wiring and connection diagrams, accessori es, and 

nameplate data. 

2. Manuals:  

a. Submit, simultaneously with the shop drawings, c omplete 

maintenance and operating manuals including technic al data 

sheets, wiring diagrams, and information for orderi ng circuit 

breakers and replacement parts. 
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1) Include schematic diagrams, with all terminals i dentified, 

matching terminal identification in the panelboards . 

2) Include information for testing, repair, trouble shooting, 

assembly, and disassembly. 

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

3. Certifications: Two weeks prior to final inspect ion, submit the 

following.  

a. Certification by the manufacturer that the panel boards conform to 

the requirements of the drawings and specifications . 

b. Certification by the Contractor that the panelbo ards have been 

properly installed, adjusted, and tested. 

1.5 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B. International Code Council (ICC): 

IBC-12..................International Building Code  

C. National Electrical Manufacturers Association (N EMA):  

PB 1-11.................Panelboards  

250-08..................Enclosures for Electrical E quipment (1,000V 

Maximum) 

D. National Fire Protection Association (NFPA):  

70-11...................National Electrical Code (N EC) 

70E-12..................Standard for Electrical Saf ety in the Workplace 

E. Underwriters Laboratories, Inc. (UL):  

50-95...................Enclosures for Electrical E quipment  

67-09...................Panelboards 

489-09..................Molded Case Circuit Breaker s and Circuit 

Breaker Enclosures 

 
PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS 

A. Panelboards shall be in accordance with NEC, NEM A, UL, as specified, 

and as shown on the drawings.  
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B. Panelboards shall have main breaker or main lugs , bus size, voltage, 

phases, number of circuit breaker mounting spaces, top or bottom feed, 

flush or surface mounting, branch circuit breakers,  and accessories as 

shown on the drawings. 

C. Panelboards shall be completely factory-assemble d with molded case 

circuit breakers and integral accessories as shown on the drawings or 

specified herein.  

D. Non-reduced size copper bus bars, rigidly suppor ted on molded 

insulators, and fabricated for bolt-on type circuit  breakers. 

E. Bus bar connections to the branch circuit breake rs shall be the 

“distributed phase” or “phase sequence” type.  

F. Mechanical lugs furnished with panelboards shall  be cast, stamped, or 

machined metal alloys listed for use with the condu ctors to which they 

will be connected. 

G. Neutral bus shall be 100% rated, mounted on insu lated supports.  

H. Grounding bus bar shall be equipped with screws or lugs for the 

connection of equipment grounding conductors.  

I. Bus bars shall be braced for the available short -circuit current as 

shown on the drawings, but not be less than 10,000 A symmetrical for 

120/208 V and 120/240 V panelboards, and 14,000 A s ymmetrical for 

277/480 V panelboards. 

J. In two-section panelboards, the main bus in each  section shall be full 

size. The first section shall be furnished with sub feed lugs on the 

line side of main lugs only, or through-feed lugs f or main breaker type 

panelboards, and have field-installed cable connect ions to the second 

section as shown on the drawings. Panelboard sectio ns with tapped bus 

or crossover bus are not acceptable. 

K. Series-rated panelboards are not permitted. 

2.2 ENCLOSURES AND TRIMS 

A. Enclosures: 

1. Provide galvanized steel enclosures, with NEMA r ating as shown on 

the drawings or as required for the environmental c onditions in 

which installed.  

2. Enclosures shall not have ventilating openings. 

3. Enclosures may be of one-piece formed steel or o f formed sheet steel 

with end and side panels welded, riveted, or bolted  as required. 
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4. Provide manufacturer’s standard option for prepu nched knockouts on 

top and bottom endwalls. 

5. Include removable inner dead front cover, indepe ndent of the 

panelboard cover. 

B. Trims: 

1. Hinged “door-in-door” type. 

2. Interior hinged door with hand-operated latch or  latches, as 

required to provide access only to circuit breaker operating 

handles, not to energized parts. 

3. Outer hinged door shall be securely mounted to t he panelboard 

enclosure with factory bolts, screws, clips, or oth er fasteners, 

requiring a key or tool for entry. Hand-operated la tches are not 

acceptable. 

4. Inner and outer doors shall open left to right. 

5. Trims shall be flush or surface type as shown on  the drawings.  

2.3 MOLDED CASE CIRCUIT BREAKERS  

A. Circuit breakers shall be per UL, NEC, as shown on the drawings, and as 

specified.  

B. Circuit breakers shall be bolt-on type. 

C. Circuit breakers shall have minimum interrupting  rating as required to 

withstand the available fault current, but not less  than:   

1. 120/208 V Panelboard: 10,000 A symmetrical. 

2. 120/240 V Panelboard: 10,000 A symmetrical. 

3. 277/480 V Panelboard: 14,000 A symmetrical. 

. 
D. Circuit breakers shall have automatic, trip free , non-adjustable, 

inverse time, and instantaneous magnetic trips for less than 400 A 

frame. Circuit breakers with 400 A frames and above  shall have magnetic 

trip, adjustable from 5x to 10x. Breaker trip setti ng shall be set in 

the field, based on the approved protective device study provided by 

consulting engineer in conjunction with distributio n shop drawing 

submittal. 

E. Circuit breaker features shall be as follows: 

1. A rugged, integral housing of molded insulating material.  

2. Silver alloy contacts. 

3. Arc quenchers and phase barriers for each pole. 

4. Quick-make, quick-break, operating mechanisms. 
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5. A trip element for each pole, thermal magnetic t ype with long time 

delay and instantaneous characteristics, a common t rip bar for all 

poles and a single operator. 

6. Electrically and mechanically trip free. 

7. An operating handle which indicates closed, trip ped, and open 

positions. 

8. An overload on one pole of a multi-pole breaker shall automatically 

cause all the poles of the breaker to open. 

9. Ground fault current interrupting breakers, shun t trip breakers, 

lighting control breakers (including accessories to  switch line 

currents), or other accessory devices or functions shall be provided 

where shown on the drawings.  

 10. For circuit breakers being added to existing p anelboards, coordinate 

the breaker type with existing panelboards. Modify the panel 

directory accordingly. 

2.4 SURGE PROTECTIVE DEVICES  

A. Where shown on the drawings, furnish panelboards  with integral surge 

protective devices. 

PART 3 - EXECUTION  

3.1 INSTALLATION  

A.  Installation shall be in accordance with the manufa cturer’s 

instructions, the NEC, as shown on the drawings, an d as specified.  

B.  Locate panelboards so that the present and future c onduits can be 

conveniently connected.  

C.  Install a printed schedule of circuits in each pane lboard after 

approval by the COR.  Schedules shall reflect final  load descriptions, 

room numbers, and room names connected to each circ uit breaker.  

Schedules shall be printed on the panelboard direct ory cards and be 

installed in the appropriate panelboards 

D.  Mount panelboards such that the maximum height of t he top circuit 

breaker above the finished floor shall not exceed 1 980 mm (78 inches).  

E.  Provide blank cover for each unused circuit breaker  mounting space. 

3.2 ACCEPTANCE CHECKS AND TESTS   

A. Perform in accordance with the manufacturer's re commendations. In 

addition, include the following: 

1. Visual Inspection and Tests: 
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a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Verify appropriate anchorage and required area c learances. 

d. Verify that circuit breaker sizes and types corr espond to 

approved shop drawings. 

e. To verify tightness of accessible bolted electri cal connections, 

use the calibrated torque-wrench method or perform thermographic 

survey after energization. 

f. Vacuum-clean enclosure interior.  Clean enclosur e exterior. 

3.3 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks, settings, and tests, the 

Contractor shall demonstrate that the panelboards a re in good operating 

condition and properly performing the intended func tion. 

---END--- 
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SECTION 26 36 23 
AUTOMATIC TRANSFER SWITCHES 

 
PART 1 - GENERAL  

1.1 DESCRIPTION 

A. This section specifies the furnishing, installat ion, connection, and 

testing of open-transition automatic transfer switc hes with bypass 

isolation, indicated as automatic transfer switches  or ATS in this 

section.  

1.2 RELATED WORK  

A.  Section 03 30 53, MISCELLANEOUS CAST-IN-PLACE CONCR ETE:  Requirements 

for concrete equipment pads. 

B.  Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTA LLATIONS: 

Requirements that apply to all sections of Division  26. 

C.  Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER COND UCTORS AND CABLES: 

Low-voltage conductors. 

D.  Section 26 05 26, GROUNDING AND BONDING FOR ELECTRI CAL SYSTEMS: 

Requirements for personal safety and to provide a l ow impedance path 

for possible ground fault currents.  

E.  Section 26 05 33, RACEWAYS AND BOXES FOR ELECTRICAL  SYSTEMS: Conduits. 

1.3 QUALITY ASSURANCE  

A. QUALITY ASSURANCE 

 Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND S ERVICES), in Section 

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS . 

B. A factory-authorized representative shall be cap able of providing 

emergency maintenance and repairs at the project si te within 4 hours 

maximum of notification. 

C. Automatic transfer switch, bypass/isolation swit ch, and annunciation 

control panels shall be products of the same manufa cturer. 

1.4 FACTORY TESTS 

A. Automatic transfer switches shall be thoroughly tested at the factory 

to ensure that there are no electrical or mechanica l defects. Tests 

shall be conducted per UL standards.  Factory tests  shall be certified, 

and shall include the following tests: 

1. Visual inspection to verify that each ATS is as specified. 

2. Mechanical test to verify that ATS sections are free of mechanical 

hindrances. 
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3. Insulation resistance test to ensure electrical integrity and 

continuity of entire system. 

4. Main switch contact resistance test. 

5. Electrical tests to verify complete system elect rical operation. 

B. Furnish four (4) copies of certified manufacture r's factory test 

reports to the COR prior to shipment of the ATS to ensure that the ATS 

has been successfully tested as specified. 

1.5 SUBMITTALS 

A. Submit six copies of the following in accordance  with Section 26 05 11, 

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS. 

1. Shop Drawings:  

a. Submit sufficient information to demonstrate com pliance with 

drawings and specifications. 

b. Include voltage rating, continuous current ratin g, number of 

phases, withstand and closing rating,  dimensions, weights, 

mounting details, conduit entry provisions, front v iew, side 

view, equipment and device arrangement, elementary and 

interconnection wiring diagrams, factory relay sett ings, and 

accessories. 

c. For automatic transfer switches that are network ed together to a 

common means of annunciation and/or control, submit  

interconnection diagrams as well as site and buildi ng plans, 

showing connections for normal and emergency source s of power, 

load, control and annunciation components, and inte rconnecting 

communications paths. Equipment locations on the di agrams and 

plans shall match the site, building, and room desi gnations on 

the drawings. 

d. Complete nameplate data, including manufacturer' s name and 

catalog number. 

e. A copy of the markings that are to appear on the  automatic 

transfer switches when installed.  

2. Manuals:  

a. Submit, simultaneously with the shop drawings, c ompanion copies 

of complete maintenance and operating manuals, incl uding 

technical data sheets, wiring diagrams, and informa tion for 

ordering replacement parts. 
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1) Schematic signal and control diagrams, with all terminals 

identified, matching terminal identification in the  automatic 

transfer switches. 

2) Include information for testing, repair, trouble shooting, 

assembly, disassembly, and factory recommended/requ ired 

periodic maintenance procedures and frequency.  

3) Provide a replacement and spare parts list.  Inc lude a list of 

tools and instruments for testing and maintenance p urposes. 

b. If changes have been made to the maintenance and  operating 

manuals originally submitted, submit updated mainte nance and 

operating manuals two weeks prior to the final insp ection. 

1) Include complete "As Installed" diagrams that in dicate all 

pieces of equipment and their interconnecting wirin g. 

2) Include complete diagrams of the internal wiring  for each 

piece of equipment, including "As Installed" revisi ons of the 

diagrams. 

3) The wiring diagrams shall identify the terminals  to facilitate 

installation, maintenance, operation, and testing. 

3. Certifications:  

a. When submitting the shop drawings, submit a cert ified test report 

from a recognized independent testing laboratory th at a 

representative sample has passed UL 1008 prototype testing. 

b. Two weeks prior to final inspection, submit the following.  

1) Certification by the manufacturer that the ATS c onform to the 

requirements of the drawings and specifications. 

2) Certification by the Contractor that transfer sw itches have 

been properly installed, adjusted, and tested. 

1.6 APPLICABLE PUBLICATIONS 

A. Publications listed below (including amendments,  addenda, revisions, 

supplements, and errata) form a part of this specif ication to the 

extent referenced. Publications are referenced in t he text by 

designation only. 

B. Institute of Electrical and Electronic Engineers  (IEEE): 

446-95..................Emergency and Standby Power  Systems for 

Industrial and Commercial ApplicationsC37.90.1-

02 Surge Withstand Capability (SWC) Tests 
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for Relays and Relay Systems Associated with 

Electric Power Apparatus 

C62.41.1-02.............Guide on the Surges Environ ment in Low-Voltage 

(1000 V and Less) AC Power Circuits 

C62.41.2-02.............Recommended Practice on Cha racterization of 

Surges in Low-Voltage (1000 V and Less) AC 

Power Circuits 

C. International Code Council (ICC): 

IBC-12..................International Building Code  

D. National Electrical Manufacturers Association (N EMA): 

250-08..................Enclosures for Electrical E quipment (1000 Volts 

Maximum) 

ICS 6-06................Enclosures  

ICS 4-10................Application Guideline for T erminal Blocks 

MG 1-11.................Motors and Generators 

E. National Fire Protection Association (NFPA):  

70–11...................National Electrical Code (N EC)  

99-12...................Health Care Facilities  

110-10..................Emergency and Standby Power  Systems 

F. Underwriters Laboratories, Inc. (UL):  

50-95...................Enclosures for Electrical E quipment 

508-99..................Industrial Control Equipmen t  

891-07..................Switchboards  

1008-07.................Transfer Switch Equipment  

 
PART 2 - PRODUCTS  

2.1 GENERAL REQUIREMENTS 

A. Automatic transfer switches shall comply with UL , NEMA, NEC, ANSI, 

IEEE, and NFPA, and have the following features:  

1. Automatic transfer switches shall be close trans ition switches, 4- 

pole, draw-out construction, electrically operated,  mechanically 

held open contact type, without integral overcurren t protection. 

Automatic transfer switches utilizing automatic or non-automatic 

molded case circuit breakers, insulated case circui t breakers, or 

power circuit breakers as switching mechanisms are not acceptable.  

2. Automatic transfer switches shall be completely factory-assembled 

and wired such that only external circuit connectio ns are required 

in the field.  
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3. Each automatic transfer switch shall be equipped  with an integral 

bypass/isolation switch.  

4. Ratings:  

a. Phases, voltage, continuous current, poles, and withstand and 

closing  ratings shall be as shown on the drawings.   

b. Transfer switches are to be rated for continuous  duty at 

specified continuous current rating on 60Hz systems .  

c. Maximum automatic transfer switch rating: 1200 A .  

5. Markings:  

a. Markings shall be in accordance with UL 1008.  

6. Tests:  

a. Automatic transfer switches shall be tested in a ccordance with UL 

1008. The contacts of the transfer switch shall not  weld during 

the performance of withstand and closing tests when  used with the 

upstream overcurrent device and available fault cur rent 

specified. 

7. Surge Withstand Test:  

a. Automatic transfer switches utilizing solid-stat e devices in 

sensing, relaying, operating, or communication equi pment or 

circuits shall comply with IEEE C37.90.1.  

8. Housing: 

a. Enclose automatic transfer switches in wall- or floor-mounted 

steel cabinets, with metal gauge not less than No. 14, in 

accordance with UL 508, or in a switchboard assembl y in 

accordance with UL 891, as shown on the drawings.  

b. Enclosure shall be constructed so that personnel  are protected 

from energized bypass-isolation components during a utomatic 

transfer switch maintenance. 

c. Automatic transfer switch components shall be re movable without 

disconnecting external source or load power conduct ors. 

d. Finish: Cabinets shall be given a phosphate trea tment, painted 

with rust-inhibiting primer, and finish-painted wit h the 

manufacturer's standard enamel or lacquer finish. 

e. Viewing Ports: Provide viewing ports so that con tacts may be 

inspected without disassembly. 

9. Operating Mechanism:  

a. Actuated by an electrical operator.  
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b. Electrically and mechanically interlocked so tha t the main 

contact cannot be closed simultaneously in either n ormal and 

emergency position.  

c. Normal and emergency main contacts shall be mech anically locked 

in position by the operating linkage upon completio n of transfer. 

Release of the locking mechanism shall be possible only by normal 

operating action.  

d. Contact transfer time shall not exceed six cycle s.  

e. Operating mechanism components and mechanical in terlocks shall be 

insulated or grounded.  

10. Contacts:  

a. Main contacts: Silver alloy. 

b. Neutral contacts: Silver alloy, with same curren t rating as phase 

contacts.  

c. Current carrying capacity of arcing contacts sha ll not be used in 

the determination of the automatic transfer switch rating, and 

shall be separate from the main contacts.  

d. Main and arcing contacts shall be visible for in spection with 

cabinet door open and barrier covers removed.  

11. Manual Operator:  

a. Capable of operation by one person in either dir ection under no 

load.  

12. Replaceable Parts:  

a. Include the main and arcing contacts individuall y or as units, as 

well as relays, and control devices.  

b. Automatic transfer switch contacts and accessori es shall be 

replaceable from the front without removing the swi tch from the 

cabinet and without removing main conductors.  

13. Sensing Features:  

a. Undervoltage Sensing for Each Phase of Normal So urce:  Sense low 

phase-to-ground voltage on each phase. Pickup volta ge shall be 

adjustable from 85 to 100% of nominal, and dropout voltage is 

adjustable from 75 to 98% of pickup value. Factory set for pickup 

at 90% and dropout at 85%. 

b. Adjustable Time Delay:  For override of normal-s ource voltage 

sensing to delay transfer and engine start signals.  Adjustable 

from zero to six seconds, and factory set for one s econd. 
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c. Voltage/Frequency Lockout Relay:  Prevent premat ure transfer to 

the engine-generator. Pickup voltage shall be adjus table from 85 

to 100% of nominal. Factory set for pickup at 90%. Pickup 

frequency shall be adjustable from 90 to 100% of no minal. Factory 

set for pickup at 95%. 

d. Time Delay for Retransfer to Normal Source:  Adj ustable from 0 to 

30 minutes, and factory set for 10 minutes to autom atically 

defeat delay on loss of voltage or sustained underv oltage of 

emergency source, provided normal supply has been r estored. 

e. Test Switch:  Simulate normal-source failure. 

f. Switch-Position Indication:  Indicate source to which load is 

connected. 

g. Source-Available Indication:  Supervise sources via transfer 

switch normal- and emergency-source sensing circuit s. 

h. Normal Power Indication:  Indicate "Normal Sourc e Available." 

i. Emergency Power Indication:  Indicate "Emergency  Source 

Available." 

j. Transfer Override Control:  Overrides automatic retransfer 

control so that automatic transfer switch shall rem ain connected 

to emergency power source regardless of condition o f normal 

source. Control panel shall indicate override statu s. 

k. Engine Starting Contacts:  One isolated and norm ally closed and 

one isolated and normally open; rated 5 A at 30 V D C minimum. 

l. Engine Shutdown Contacts:  Time delay adjustable  from zero to 15 

minutes, and factory set for 5 minutes. Contacts sh all initiate 

shutdown at remote engine-generator controls after retransfer of 

load to normal source. 

m. Engine-Generator Exerciser: Programmable exercis er starts engine-

generator(s) and transfers load to them from normal  source for a 

preset time, then retransfers and shuts down engine -generator(s) 

after a preset cool-down period. Initiates exercise  cycle at 

preset intervals adjustable from 7 to 30 days. Runn ing periods 

are adjustable from 10 to 30 minutes. Factory setti ngs shall be 

for 7-day exercise cycle, 20-minute running period,  and 5-minute 

cool-down period. 

14. Controls: 
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a. Controls shall provide indication of switch stat us and be 

equipped with alarm diagnostics. 

b. Controls shall control operation of the automati c transfer 

switches. 

15. Factory Wiring: Train and bundle factory wiring  and label either by 

color-code or by numbered/lettered wire markers. La bels shall match 

those on the shop drawings. 

16. Annunciation, Control, and Programming Interfac e Components:  

Devices for communicating with remote programming d evices, 

annunciators, or control panels and paralleling swi tchgear shall 

have open-protocol communication capability matched  with remote 

device. 

 17. Motor Disconnect and Timing Relay: Controls de signate starters so 

they disconnect motors before transfer and reconnec t them 

selectively at an adjustable time interval after tr ansfer. Control 

connection to motor starters is through wiring exte rnal to the 

automatic transfer switch. Time delay for reconnect ing individual 

motor loads is adjustable between 1 and 60 seconds,  and settings are 

as indicated. Relay contacts handling motor-control  circuit in-rush 

and seal currents are rated for actual currents to be encountered. 

2.2 SEQUENCE OF OPERATION  

 
A. The specified voltage decrease in one or more ph ases of the normal 

power source shall initiate the transfer sequence. The automatic 

transfer switch shall start the engine-generator(s)  after a specified 

time delay to permit override of momentary dips in the normal power 

source.  

B. The automatic transfer switch shall transfer the  load from normal to 

emergency source when the frequency and voltage of the engine-

generator(s) have attained the specified percent of  rated value.  

C. Engine Start: A voltage decrease, at any automat ic transfer switch, in 

one or more phases of the normal power source to le ss than the 

specified value of normal shall start the engine-ge nerator(s) after a 

specified time delay.  

D. Transfer to Emergency System Loads: Automatic tr ansfer switches for 

Emergency System loads shall transfer their loads f rom normal to 

emergency source when frequency and voltage of the engine-generator(s) 
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have attained the specified percent of rated value.  Only those switches 

with deficient normal source voltage shall transfer .  

E. Transfer to Equipment Branch Loads: Automatic tr ansfer switches for 

Equipment Branch loads shall transfer their loads t o the engine-

generator on a time-delayed, staggered basis, after  the Emergency 

System switches have transferred. Only those switch es with deficient 

normal source voltage shall transfer. 

F. Retransfer to Normal (All Loads): Automatic tran sfer switches shall 

retransfer the load from emergency to normal source  upon restoration of 

normal supply in all phases to the specified percen t or more of normal 

voltage, and after a specified time delay. Should t he emergency source 

fail during this time, the automatic transfer switc hes shall 

immediately transfer to the normal source whenever it becomes 

available. After restoring to normal source, the en gine-generator(s) 

shall continue to run unloaded for a specified inte rval before shut-

down. 

2.3 BYPASS-ISOLATION SWITCH  

A. Provide each automatic transfer switch with two- way bypass-isolation 

manual type switch. The bypass-isolation switch sha ll permit load by-

pass to either normal or emergency power source and  complete isolation 

of the automatic transfer switch, independent of tr ansfer switch 

position. Bypass and isolation shall be possible un der all conditions 

including when the automatic transfer switch is rem oved from service.  

B. Operation: The bypass-isolation switch shall hav e provisions for 

operation by one person through the movement of a m aximum of two 

handles at a common dead front panel in no more tha n 15 seconds. 

Provide a lock, which must energize to unlock the b ypass switch, to 

prevent bypassing to a dead source. Provide means t o prevent 

simultaneous connection between normal and emergenc y sources.  

1. Bypass to normal (or emergency): Operation of by pass handle shall 

allow direct connection of the load to the normal ( or emergency) 

source, without load interruption or by using a bre ak-before-make 

design, or provide separate load interrupter contac ts to momentarily 

interrupt the load.  

a. Ensure continuity of auxiliary circuits necessar y for proper 

operation of the system.  
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b. A red indicating lamp shall light when the autom atic transfer 

switch is bypassed.  

c. Bypassing source to source: If the power source is lost while in 

the bypass position, bypass to the alternate source  shall be 

achievable without re-energization of the automatic  transfer 

switch service and load connections.  

2. Isolation: Operation of the isolating handle sha ll isolate all live 

power conductors to the automatic transfer switch w ithout 

interruption of the load.  

a. Interlocking: Provide interlocking as part of th e bypass- 

isolation switch to eliminate personnel-controlled sequence of 

operation, and to prevent operation to the isolatio n position 

until the bypass function has been completed.  

b. Padlocking: Include provisions to padlock the is olating handle in 

the isolated position.  

c. Visual verification: The isolation blades shall be visible in the 

isolated position.  

3. Testing: It shall be possible to test (normal el ectrical operation) 

the automatic transfer switch and engine–generator( s) with the 

isolation contacts closed and the load bypassed wit hout interruption 

of power to the load.  

C. Ratings: The electrical capabilities and ratings  of the bypass-

isolation switch shall be compatible with those of the associated 

automatic transfer switch, including any required a dditional withstand 

tests.  

2.4 REMOTE ANNUNCIATOR SYSTEM 

A. Remote annunciator panel shall annunciate condit ions for indicated 

automatic transfer switches. Annunciation shall inc lude the following: 

1. Sources available, as defined by actual pickup a nd dropout settings 

of automatic transfer switch controls. 

2. Switch position. 

3. Switch in test mode. 

4. Failure of communication link. 

B. Remote annunciator panel shall be visual and aud ible type with LED 

display panel, audible signal, and silencing switch . 
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1. Panel shall indicate each automatic transfer swi tch monitored, the 

location of automatic transfer switch, and the iden tity of load it 

serves. 

2. Mounting: Steel cabinet, flush or surface mounte d, as shown on the 

drawings. 

2.5 ATS-EC3 MODIFICATIONS 

A. Modify existing ATS-EC3 to include a function th at shall transfer the 

load without interruption (closed transition) by mo mentarily connecting 

both sources of power only when both sources are pr esent and 

acceptable. The maximum interconnection time is 100  milliseconds. The 

transfer switch shall operate as a conventional bre ak-before-make (open 

transition) switch when the power source serving th e load fails. 

 
PART 3 - EXECUTION  

3.1 INSTALLATION  

A. Install automatic transfer switches in accordanc e with the NEC, as 

shown on the drawings, and as recommended by the ma nufacturer. 

B. Anchor automatic transfer switches with rustproo f bolts, nuts, and 

washers not less than 12 mm (1/2 inch) diameter, in  accordance with 

manufacturer’s instructions, and as shown on drawin gs. 

C. Mount automatic transfer switches on concrete sl ab. Unless otherwise 

indicated, the slab shall be at least 100 mm (4 inc hes) thick. The top 

of the concrete slab shall be approximately 100 mm (4 inches) above 

finished floor. Edges above floor shall have 12.5 m m (1/2 inch) 

chamfer. The slab shall be of adequate size to proj ect at least 100 mm 

(8 inches) beyond the equipment. Provide conduit tu rnups and cable 

entrance space required by the equipment to be moun ted. Seal voids 

around conduit openings in slab with water- and oil -resistant caulking 

or sealant. Cut off and bush conduits 75 mm (3 inch es) above slab 

surface. Concrete work shall be as specified in Sec tion 03 30 53, 

MISCELLANEOUS CAST-IN-PLACE CONCRETE. 

3.2 ACCEPTANCE CHECKS AND TESTS 

A. An authorized representative of the automatic tr ansfer switch 

manufacturer shall technically supervise and partic ipate during all of 

the field adjustments and tests. Major adjustments and field tests 

shall be witnessed by the COR.  The manufacturer’s representative shall 

certify in writing that the equipment has been inst alled, adjusted and 

tested in accordance with the manufacturer’s recomm endations. 
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B. Perform manufacturer’s required field tests in a ccordance with the 

manufacturer's recommendations.  In addition, inclu de the following: 

1. Visual Inspection and Tests: 

a. Compare equipment nameplate data with specificat ions and approved 

shop drawings. 

b. Inspect physical, electrical, and mechanical con dition. 

c. Confirm correct application of manufacturer's re commended 

lubricants. 

d. Verify appropriate anchorage, required area clea rances, and 

correct alignment. 

e. Verify tightness of accessible bolted electrical  connections by 

calibrated torque-wrench method, or performing ther mographic 

survey after energization. 

f. Verify grounding connections. 

g. Verify ratings of sensors. 

h. Vacuum-clean enclosure interior. Clean enclosure  exterior. 

i. Exercise all active components. 

j. Verify that manual transfer warning signs are pr operly placed. 

k. Verify the correct operation of all sensing devi ces, alarms, and 

indicating devices. 

2. Electrical tests: 

a. Perform insulation-resistance tests. 

b. After energizing circuits, demonstrate the inter locking sequence 

and operational function for each automatic transfe r switch at 

least three times. 

1) Test bypass-isolation unit functional modes and related 

automatic transfer switch operations. 

2) Power failure of normal source shall be simulate d by opening 

upstream protective device. This test shall be perf ormed a 

minimum of five times. 

3) Power failure of emergency source with normal so urce available 

shall be simulated by opening upstream protective d evice for 

emergency source. This test shall be performed a mi nimum of 

five times. 

4) Low phase-to-ground voltage shall be simulated f or each phase 

of normal source. 
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5) Operation and settings shall be verified for spe cified 

automatic transfer switch operational feature, such  as 

override time delay, transfer time delay, return ti me delay, 

engine shutdown time delay, exerciser, auxiliary co ntacts, and 

supplemental features. 

6) Verify pickup and dropout voltages by data reado ut or 

inspection of control settings. 

7) Verify that bypass and isolation functions perfo rm correctly, 

including the physical removal of the automatic tra nsfer 

switch while in bypass mode. 

c. When any defects are detected, correct the defec ts and repeat the 

tests as requested by the COR at no additional cost  to the 

Government.  

3.3 FIELD SETTINGS VERIFICATION 

A. The automatic transfer switch settings shall be verified in the field 

by an authorized representative of the manufacturer . 

3.4 FOLLOW-UP VERIFICATION 

A. Upon completion of acceptance checks and tests, the Contractor shall 

show by demonstration in service that the automatic  transfer switches 

are in good operating condition and properly perfor ming the intended 

function. 

3.5 INSTRUCTION  

A. Furnish the services of a factory-trained techni cian for one 4-hour 

training period for instructing personnel in the ma intenance and 

operation of the automatic transfer switches, on th e dates requested by 

the COR. 

---END--- 


