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SECTION 26 01 05 
 

ELECTRICAL OPERATING AND MAINTENANCE MANUALS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 

 
A. Compile electrical product data and related information appropriate for Owner's operation 

and maintenance of products furnished under Contract. Prepare electrical operating and 
maintenance data as specified in this Section and as referenced in other sections of 
specifications. 

 
B. Instruct Owner's personnel in operation and maintenance of equipment and systems. 
 
C. Submit 3 copies of complete manual in final form. 

 
1.2 ELECTRICAL OPERATING AND MAINTENANCE MANUAL SUBMITTAL SCHEDULE 

 
A. Thirty (30) days after receipt of reviewed submittals bearing the Architect / Engineer's 

stamp of acceptance (including re-submittals), submit for review 1 copy of the first draft of 
the Electrical Operating and Maintenance Manual. This copy shall contain as a minimum: 
1. Table of Contents for each element 
2. Contractor information 
3. All shop drawings, coordination drawings and product data, bearing the Architect 

/ Engineer's stamp of acceptance. 
4. All parts and maintenance manuals for items of equipment 
5. Warranties (without starting dates) 
6. Certifications that have been completed; submit forms and outlines of 

certifications that have not been completed 
7. Operating and maintenance procedures. 
8. Form of Owner's Training Program Syllabus (including times and dates) 
9. Control operations / equipment wiring diagrams 
10. Coordination Drawings 
11. Schedule of Lamps, Light Engines 
12. Schedule of Ballasts and Drivers 
13. Schedule of Fuses 
14. Other required operating and maintenance information that are complete. 

 
B. Copy will be returned to the Contractor within 15 days with comments for corrections. 
 
C. Submit the completed manuals in final electronic form to the Architect / Engineer. 

1. Prior to substantial completion for Owner's use after the Owner accepts facility 
maintenance. 

2. Include all specified data, test reports, drawings, dated warranties, certificates, 
along with other materials and information. 

 
D. The Architect / Engineer shall review the manuals for completeness within 15 days. 
 
E. The Contractor shall be notified of any missing or omitted materials. The Manuals shall 

be reworked by the Contractor, as required, in the office of the Architect / Engineer. The 
manuals will not be retransmitted. 

 
F. Complete electronic manuals shall be delivered to the Owner prior to substantial 

completion. 
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PART 2 - PRODUCTS 
 
2.1 BINDERS 

 
A. Commercial quality black, 3-ring binders with clear, durable, cleanable plastic covers. 
 
B. Minimum ring size: 1"; Maximum ring size: 3". 
 
C. When multiple binders are used, correlate the data into related groupings. 
 
D. Label contents on spine and face of binder with full size insert. Label under plastic cover. 

 
PART 3 - EXECUTION 
 
3.1 ELECTRICAL OPERATION AND MAINTENANCE MANUAL 

 
A. Form for Manuals: 

1. Prepare data in form of an instructional manual for use by Owner's personnel. 
2. Format: 

a. Size: 8-1/2" x 11" 
b. Text: Manufacturer's printed data or neatly typewritten. 

3. Drawings: 
a. Provide reinforced punched binder tab and bind in text. 
b. Fold larger drawings to size of text pages. 

4. Provide flyleaf indexed tabs for each separate product or each piece of operating 
equipment. 

5. Cover: Identify each volume with typed or printed title "Operating and 
Maintenance Instructions". List: 
a. Title of Project 
b. Identity of separate structures as applicable 
c. Identity of general subject matter covered in the manual. 

6. Binder as specified 
 
B. Content of Manual: 

1. Neatly typewritten Table of Contents for each volume arranged in systematic 
order as outlined in the specifications. 
a. Contractor, name of responsible principal, address and telephone 

number 
b. A list of each product required to be included, indexed to content of the 

volume. 
c. List with each product, name, address and telephone number of: 

1) Subcontractor or installer 
2) Maintenance contractor as appropriate 
3) Identify area of responsibility of each. 
4) Local source of supply for parts and replacement 

d. Identify each product-by-product name and other identifying symbols as 
set forth in Contract Documents. 

2. Product Data: 
a. Include those sheets pertinent to the specific product. 
b. Annotate each sheet to: 

1) Identify specific product or part installed. 
2) Identify data applicable to installation. 
3) Delete references to inapplicable information. 

3. Drawings: 
a. Supplement product data with drawings as necessary to illustrate: 

1) Relations of component parts of equipment and systems 
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2) Control and flow diagrams 
b. Coordinate drawings with information in Project Record Documents to 

assure correct illustration of completed installation. 
c. Do not use Project Record Documents as maintenance drawings. 

4. Written text as required to supplement product data for the particular installation: 
a. Organize in consistent format under separate headings for different 

procedures. 
b. Provide logical sequence of instructions for each procedure. 

5. Copy of each warranty, bond and service contract issued 
a. Provide information sheet for Owner's personnel, giving: 

1) Proper procedures in event of failure 
2) Instances that might affect validity of warranties or bonds 

6. Shop drawings, coordination drawings and product data as specified. 
 
C. Sections for Equipment and Systems 

1. Content for each unit of equipment and system as appropriate: 
a. Description of unit and component parts: 

1) Function, normal operating characteristics, and limiting 
conditions. 

2) Performance curves, engineering data and tests. 
3) Complete nomenclature and commercial number of replaceable 

parts. 
b. Operating procedures: 

1) Start up, break-in, routine / normal operating instructions 
2) Regulation, control, stopping, shut down and emergency 

instructions 
3) Summer and winter operating instructions 
4) Special operating instructions 

c. Maintenance procedures: 
1) Routine operations 
2) Guide to trouble-shooting 
3) Disassembly, repair and reassembly 
4) Alignment, adjusting and checking 
5) Routine service based on operating hours 

d. Servicing and lubrication schedule 
1) List of lubricants required 

e. Manufacturer's printed operating and maintenance instructions. 
f. Copies of typed circuit directories of panel board to reflect actual room 

graphics numbers and room names (not architectural room numbers 
from the drawings). 
1) Electrical 
2) Controls 
3) Communications 

g. Original manufacturer's parts list, illustrations, assembly drawings and 
diagrams required for maintenance. 
1) Predicted life of part subject to wear 
2) Items recommended to be stocked as spare parts 

h. Schedule of fuses 
i. Complete equipment field accessible internal wiring diagrams 
j. Schedule of lamps 
k. Schedule of ballasts 
l. Each Contractor's coordination drawings 
m. List of original manufacturer's spare parts and recommended quantities 

to be maintained in storage 
n. Other data as required under pertinent sections of the specifications 
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2. Prepare and include additional data when the need for such data becomes 
apparent during instruction of Owner's personnel. 

3. Additional requirements for operating and maintenance data as outlined in 
respective sections of specifications 

4. Provide complete information for products specified in Division 26. 
5. Provide certificates of compliance as specified in each related section. 
6. Provide start up reports as specified in each related section. 
7. Provide signed receipts for spare parts and material. 
8. Provide training report and certificates. 

 
END OF SECTION 
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SECTION 26 05 00 
 

ELECTRICAL GENERAL PROVISIONS 
 
PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Except as modified in this Section, General Conditions, and Supplementary Conditions, 

applicable provisions of Division 1 General Requirements, and other provisions and 
requirements of the Contract Documents apply to work of Division 26 Electrical. 

 
B. Applicable provisions of this section apply to all sections of Division 26, Electrical. 

 
1.2 CODE REQUIREMENTS AND FEES 

 
A. Perform work in accordance with applicable statutes, ordinances, codes and regulations 

of governmental authorities having jurisdiction. 
 
B. Electrical work shall comply with applicable inspection services: 

1. Underwriters Laboratories 
2. National Fire Protection Association 
3. State Health Department 
4. Local Municipal Building Inspection Department adopted codes with 

amendments 
5. National Electrical Code with local amendments 
6. State Regulatory Agencies 
7. Where the project is located outside a municipal jurisdiction, and has no 

municipal inspection services, the National Electrical Code with amendments of 
the municipality with extraterritorial jurisdiction shall govern. 

8. Where the project is located outside any municipal jurisdiction, including 
extraterritorial jurisdictions, the National Electrical Code with local adopted 
amendments of the largest municipality located in the same county or parish 
shall govern. 

9. International Energy Conservation Code 
10. National Electrical Safety Code 

 
C. Resolve any code violations discovered in contract documents with the Engineer prior to 

award of the contract. After Contract award, any correction or additions necessary for 
compliance with applicable codes shall be made at no additional cost to the Owner. 

 
D. This Contractor shall be responsible for being aware of and complying with asbestos 

NESHAP regulations, as well as all other applicable codes, laws and regulations. 
 
E. Obtain all permits required. 

 
1.3 CONTRACTOR'S QUALIFICATIONS 

 
A. An approved contractor for the work under this division shall be: 

1. A specialist in this field and have the personnel, experience, training, and skill, 
and the organization to provide a practical working system. 

2. Able to furnish evidence of having contracted for and installed not less than 3 
systems of comparable size and type that has served their Owners satisfactorily 
for not less than 3 years. 
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d. IEEE Std 241TM, Recommended Practice for Electric Power Systems in 
Commercial Buildings (“Gray Book”) 

e. IEEE Std 242 TM, Recommended Practice for Protection and 
Coordination of Industrial and Commercial Power Systems (“Buff Book”) 

f. IEEE Std 315 TM, Graphic Symbols for Electrical and Electronics 
Diagrams 

g. IEEE Std 399 TM, Recommended Practice for Power Systems Analysis 
(“Brown Book”) 

h. IEEE Std 446 TM, Recommended Practice for Emergency and Standby 
Power Systems for Industrial and Commercial Applications (“Orange 
Book”) 

i. IEE Std 493 TM, Recommended Practice for the Design of Reliable 
Industrial and Commercial Power Systems (“Gold Book”) 

j. IEEE Std 519 TM, Recommended Practices and Requirements for 
Harmonic Control in Electrical Power Systems 

k. IEEE Std 739 TM, Recommended Practice for Energy Management in 
Industrial and Commercial Facilities (“Bronze Book”) 

l. IEEE Std 902 TM, Guide for Maintenance, Operation, and Safety of 
Industrial and Commercial Power Systems (“Yellow Book”) 

m. IEEE Std 1015 TM, Recommended Practice Applying Low-Voltage Circuit 
Breakers Used in Industrial and Commercial Power Systems (“Blue 
Book”) 

n. IEEE Std 11oo TM, Recommended Practice for Powering and Grounding 
Electronic Equipment (“Emerald Book”) 

o. IEEE Std 1584 TM, Guide for Performing Arc-Flash Hazard Calculations 
8. IESNA – Illuminating Engineering Society of North America 

a. IESNA Lighting Handbook, Ninth Edition 
b. IESNA RP-1, American National Standard Practice for Office Lighting 
c. IESNA RP-7, American National Standard Practice for Lighting Industrial 

Facilities 
9. NECA – National Electrical Contractors Association: 

a. NECA 1, Good Workmanship in Electrical Construction [ANSI] 
b. NECA 90, Recommended Practice for Commissioning Building Electrical 

Systems [ANSI] 
c. NECA 100, Symbols for Electrical Construction Drawings [ANSI] 
d. NECA 101, Standard for Installing Steel Conduits (Rigid, IMC, EMT) 

[ANSI] 
e. NECA 104, Recommended Practice for Installing Aluminum Building 

Wire and Cable [ANSI] 
f. NECA / NEMA 105, Recommended Practice for Installing Metal Cable 

Tray Systems [ANSI] 
g. NECA 111, Standard for Installing Nonmetallic Raceways (RNC, ENT, 

LFNC) [ANSI] 
h. NECA / NACNA 120, Standard for Installing Armored Cable (Type AC) 

and Metal-Clad Cable (Type MC) [ANSI] 
i. NECA 202, Recommended Practice for Installing and Maintaining 

Industrial Heat Tracing Systems [ANSI] 
j. NECA 230, Standard for Selecting, Installing and Maintaining Electric 

Motors and Motor Controllers [ANSI] 
k. NECA 331, Standard for Building and Service Entrance Grounding and 

Bonding 
l. NECA 400, Standard for Installing and Maintaining Switchboards [ANSI] 
m. NECA 402, Standard for Installing and Maintaining Motor Control 

Centers [ANSI] 
n. NECA / EGSA 404, Standard for Installing Generator Sets [ANSI] 
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o. NECA 407, Recommended Practice for Installing and Maintaining 
Panelboards [ANSI] 

p. NECA 408, Recommended Practice for Installing and Maintaining 
Busways [ANSI] 

q. NECA 409, Recommended Practice for Installing and Maintaining Dry-
Type Transformers [ANSI] 

r. NECA 410, Recommended Practice for Installing and Maintaining Liquid-
Filled Transformers [ANSI] 

s. NECA 411, Recommended Practice for Installing and Maintaining 
Uninterruptible Power Supplied (UPS) (ANSI] 

t. NECA 420, Standard for Fuse Applications [ANSI] 
u. NECA 430, Standard for Installing Medium-Voltage Metal-Clad 

Switchgear [ANSI] 
v. NECA / IESNA 500, Recommended Practice for Installing Indoor Lighting 

Systems [ANSI] 
w. NECA / IESNA 501, Recommended Practice for Installing Exterior 

Lighting Systems [ANSI] 
x. NECA / IESNA 502, Recommended Practice for Installing Industrial 

Lighting Systems [ANSI] 
y. NECA / MACSCB 600, Recommended Practice for Installing and 

Maintaining Medium-Voltage Cable [ANSI] 
z. NECA / NEMA 605, Installing Underground Nonmetallic Utility Duct 

[ANSI] 
10. NEMA – National Electrical Manufacturers Association 
11. NETA – International Electrical Testing Association, Inc.: 

a. NETA ATS, Acceptance Testing Specifications for Electrical Power 
Distribution Equipment and Systems 

b. NETA MTS, Maintenance Testing Specifications for Electrical Power 
Distribution Equipment and Systems 

c. NETA ETT, Standard for Certification of Electrical Testing Technicians 
[ANSI] 

12. NFPA – National Fire Protection Association: 
a. NFPA 20®, Standard for the Installation of Stationary Pumps for Fire 

Protection® 
b. NFPA 70 TM, National Electrical Code® (NEC®) 
c. NFPA 70E, Standard for Electrical Safety in the Workplace. 
d. NFPA 101®, Life Safety Code® 
e. NFPA 110, Standard for Emergency and Standby Power Systems 
f. NFPA 111, Standard on Stored Electrical Energy Emergency and 

Standby Power Systems 
g. NFPA 780, Standard for the Installation of Lightning Protection Systems 
h. All other NFPA codes and standards except NFPA 5000 

13. OSHA – Occupational Safety and Health Administration 
14. IECC – International Energy Conservation Code 
15. ISO – International Organization for Standardization 
16. State and Local Energy Conservation Code 
17. Applicable County and Municipal Codes 

 
1.5 CONTRACT DRAWINGS 

 
A. Contract drawings are diagrammatic only and do not give fully dimensioned locations of 

various elements of work. Determine exact locations from field measurements. 
 
B. Every effort has been made by the Engineer to indicate wiring of all receptacles, light 

fixtures, switches, telephone outlets, HVAC equipment, other equipment, elevator 
equipment, and all other devices / appliances requiring electrical power. It is the intent of 
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the Engineer that all light fixtures be powered and controlled unless specifically noted on 
the plans; that all wiring devices (receptacles and direct connected equipment) be 
circuited to a power source of the correct voltage and that all HVAC, elevator equipment 
and other equipment be properly wired to the correct voltage power source; that all 
communications and security systems devices and equipment and all fire alarm system 
devices and equipment are installed, wired and systems are fully operational. 

 
C. It is the responsibility of the Contractor to review the construction drawings (reflected 

ceiling plans) for light fixtures, casework elevation details for electrical devices which are 
not indicated on the electrical drawings; to review the mechanical and plumbing 
documents and all other drawings to determine the electrical rough-ins for all equipment 
requiring power connections, and to include in their proposals the correct and complete 
electrical rough-ins for all of these items which were inadvertently not indicated on the 
electrical drawings, OR the Contractor shall specifically enumerate each item requiring 
electrical rough-in which is not specifically shown on the electrical drawings, and indicate 
the electrical provisions of these items as specifically excluded from his proposal. 

 
D. It is the responsibility of the Contractor to compare the scale of all electrical drawings with 

the scale of the architectural drawings and make adjustments to all electrical drawings 
which have the incorrect drawing scale so that his material takeoffs are not in error due to 
an incorrectly labeled drawing scale and his proposal is complete. 

 
E. No proposal shall be accepted which specifically excludes any of the provisions of 

paragraphs B, C, or D above. 
 
1.6 PROJECT RECORD DOCUMENTS 

 
A. Maintain at the job site a separate set of white prints (black line) of the contract drawings 

for the sole purpose of recording the "as-built" changes and diagrams of those portions of 
work in which actual construction is significantly at variance with the contract drawings. 
Mark the drawings with a colored pencil. Prepare, as the work progresses and upon 
completion of work, reproducible drawings clearly indicating locations of various major 
and minor feeders, equipment, and other pertinent items, as installed. Record 
underground and under slab service and feeders installed, dimensioning exact location 
and elevation of such installations. 

 
B. At conclusion of project, obtain without cost to the Owner, electronic PDF and AutoCAD 

2014 and / or Revit CAD files of the original drawings and transfer as-built changes to 
these. Provide the following as-built documents including all contract drawings regardless 
of whether corrections were necessary and include in the transmittal: “2 sets of CDs and 
prints for Owner’s use, one set of CDs, prints, and mylars for Architect / Engineers 
Records”. Delivery of these as-built electronic, reproducibles and prints is a condition of 
final acceptance. 
1. 3 sets of electronic AutoCAD (2014 dwg) and / or Revit CAD drawing files, on 

CD-ROM media, of each contract as-built drawing. 
2. One reproducible Dayrex Mylar film positive of each contract as-built drawing. 
3. Three sets of blue-line prints of each contract as-built drawing. 
4. Three sets of pdf prints of each contract as-built drawing on CD. 

 
C. As-Built Drawings should indicate the following information as a minimum: 

1. Indicate all addendum changes to documents. 
2. Remove Engineer’s Seal, name, address, and logo from drawings. 
3. Mark documents RECORD DRAWINGS. 
4. Clearly indicate: DOCUMENT PRODUCED BY: 
5. Indicate all changes to construction during construction. Indicate actual routing of 

all conduits, etc. that was deviated from construction drawings. 
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6. Indicate exact location of all underground electrical raceways, and elevations. 
7. Correct schedules to reflect (actual) equipment furnished and manufacturer. 
8. During the execution of work, maintain a complete set of Drawings and 

specifications upon which all locations of equipment, devices, and all deviations 
and changes from the construction documents in the work shall be recorded. 

9. Exact location of all electrical equipment in building. Label panel schedules to 
indicate actual location. 

10. Exact location of all electrical equipment in and outside of the building. 
11. Exact location of all outdoor lighting poles and equipment. 
12. Location, size and routing of all feeder conduits, equipment, etc. shall be 

accurately and neatly shown to dimension. 
13. Exact location of all roof mounted equipment, wall, roof and floor penetrations. 
14. Cloud all changes. 
15. Update all panel schedules with all additional circuits added or deleted through 

construction. Identify each circuit to include all information specified for directory 
cards for circuit identification in panelboards. 

 
1.7 SPACE REQUIREMENTS 

 
A. Consider space limitations imposed by contiguous work in selection and location of 

equipment and material. Do not provide equipment or material that is not suitable in this 
respect. 

 
1.8 RELATION WITH OTHER TRADES 

 
A. Carefully study all matters and conditions concerning the project. Submit notification of 

conflict in ample time to prevent unwarranted changes in any work. Review other 
Divisions of these specifications to determine their requirements. Extend electrical 
services and final connections to all items requiring same. 

 
B. Because of the complicated relationship of this work to the total project, conscientiously 

study the relation and cooperate as necessary to accomplish the full intent of the 
documents. 

 
C. Provide sleeves and inserts in forms as required for the work. Stub up and protect open 

ends of pipe before any concrete is placed. Furnish sizes of required equipment pads. 
Furnish and locate bolts and fittings required to be cast in them. 

 
D. Locate and size openings required for installation of work specified in this Division in 

sufficient time to prevent delay in the work. 
 
E. Refer to other Divisions of the specifications for the scope of required connections to 

equipment furnished under other Division. Determine from the General Contractor / 
Construction Manager for the various trades, the Owner, and by direction from the 
Architect / Engineer, the exact location of all items. The construction trades involved shall 
furnish all roughing-in drawings and wiring diagrams required for proper installation of the 
electrical work. 
1. Make final electrical connections to all electrically operated equipment indicated 

on the drawings, except as noted. 
2. The responsibility for alignment of motor and driven equipment is specified in the 

related division. 
 
F. Request all Shop Drawings required in ample time to permit proper installation of all 

electrical provisions. 
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G. Extend services as indicated to the various items of equipment furnished by others. 
Rough-in for the various items and make final connections ready for operation upon 
placing of the equipment. 

 
1.9 CONCEALED AND EXPOSED WORK 

 
A. When the word "concealed" is defined as hidden from sight as in chases, furred spaces 

or above ceilings. "Exposed" is defined as open to view, in plain sight. 
 
1.10 GUARANTEE 

 
A. Guarantee work for 1 year from the date of substantial completion of the project. During 

that period make good any faults or imperfections that may arise due to defects or 
omissions in material, equipment or workmanship. Replacement of failed parts or 
equipment shall be provided. 

 
1.11 MATERIAL AND EQUIPMENT 

 
A. Furnish new and unused materials and equipment meeting the requirements of the 

paragraph specifying acceptable manufacturers. Where two or more units of the same 
type or class of equipment are required, provide units of a single manufacturer. 

 
1.12 NOISE AND VIBRATION 

 
A. Select equipment to operate with minimum noise and vibration. If noise or vibration is 

produced or transmitted to or through the building structure by equipment, piping, ducts 
or other parts of work, and judged objectionable by the Owner, Architect, or Engineer, 
rectify such conditions at no additional cost to the Owner. If the item of equipment is 
judged to produce objectionable noise or vibration, demonstrate at no additional cost that 
equipment performs within designated limits on a vibration chart. 

 
1.13 ACCEPTABLE MANUFACTURERS 

 
A. Manufacturers names and catalog number specified under sections of Division 26 are 

used to establish standards of design, performance, quality and serviceability and not to 
limit competition. Equipment of similar design, materials, energy efficiency characteristics 
(where applicable) and lighting performance characteristics (where applicable) equal to 
that specified, manufactured by a named manufacturer shall be acceptable on approval. 
A request for prior approval of equipment not listed must be submitted ten (10) days 
before proposal due date. Submit a marked-up set of the relevant specification section 
indicating all variances, a comparison to the specified product, and of construction and 
performance criteria, complete design and performance data for the specified product 
and the proposed substitution for comparison to the Engineer. The Architect issues 
approvals of acceptable manufacturers as addenda to the Construction Proposal 
Documents. 

 
1.14 UTILITIES, LOCATIONS AND ELEVATIONS 

 
A. Locations and elevations of the various utilities included within the scope of this work: 

1. Obtained from utility maps and other substantially reliable sources. 
2. Are offered separate from the Contract Documents as a general guide only 

without guarantees to accuracy. 
 
B. Examine the site and verify the location and elevation of all utilities and of their relation to 

the work. Existing utilities indicated on the site plans are for reference only and shall be 
field verified by the Contractor with the respective public or private utility. 
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1.15 OPERATING TESTS 

 
A. After all electrical systems have been completed and put into operation, subject each 

system to an operating test under design conditions to ensure proper sequencing and 
operation throughout the range of operation. Tests shall be made in the presence of the 
Architect / Engineer and Owner. Provide minimum 24-hour advance notice of scheduling 
of all tests. Make adjustments as required to ensure proper functioning of all systems. 
Special tests on individual systems are specified under individual sections. Submit 3 
copies of all certifications and test reports adequately in advance of completion of the 
work to allow for remedial action as required to correct deficiencies discovered in 
equipment and systems. 

 
1.16 WARRANTIES 

 
A. All normal and extended warranties shall include parts, labor, miscellaneous materials, 

travel time, incidental expenses, normal freight / shipping, refrigerant, oils, lubricants, 
belts, filters and any expenses related to service calls required to diagnose and correct 
warranty problems. 

 
B. Manufacturer’s warranty shall be from one year from date of substantial completion. 

Contractor shall be responsible for extending the warranties regardless of date of 
installation or commissioning. 

 
C. Submit 3 copies of all warranties and guarantees for systems, equipment, devices and 

materials. These shall be included in the Operating and Maintenance Manuals. 
 
1.17 BUILDING CONSTRUCTION 

 
A. It shall be the responsibility of the sub-contractor to consult the Contract Drawings, 

details and specifications and thoroughly familiarize himself as to the construction and all 
job-related requirements. All construction trades shall cooperate with the General 
Contractor / Construction Manager Job site superintendent and lay out work so that all 
raceways and other items are placed in the walls, furred spaces, chases, etc., so that 
there shall be no delay in the job. 

 
1.18 TEMPORARY FACILITIES 

 
A. General: Refer to Division 1 for general requirements on temporary facilities. 
 
B. Temporary Wiring: Temporary power and lighting for construction purposes shall be 

provided under this Division. Installation of temporary power shall be in accordance with 
NEC Article 527. 

 
C. Temporary facilities, wire, lights and devices are the property of this Contractor and shall 

be removed by this Contractor at the completion of the Contract. 

 
PART 2 - PRODUCTS – NOT USED 
 
PART 3 - EXECUTION 
 
3.1 IDENTIFICATION OF EQUIPMENT 

 
A. Identification of Equipment: 

1. All major equipment shall have a manufacturer's label identifying the 
manufacturer's address, equipment model and serial numbers, equipment size, 
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and other pertinent data. Take care not to obliterate this nameplate. The legend 
on all nameplates or tags shall correspond to the identification shown on the 
Operating Instructions. All panels, cabinets, or equipment requiring 120 volt or 
higher power shall be labeled as required which includes circuit designation and 
circuit panelboard location, regardless of which discipline installs the equipment. 

2. Three layer laminated plastic engraved identifying nameplate shall be 
permanently secured to each switchboard, distribution panel, motor control 
center, transformer, panelboard, safety disconnect switch, enclosed circuit 
breaker, transfer switches, remote generator transfer deices not installed inside 
light fixtures, wireway, busduct plug, terminal cabinet, surge protective device, 
capacitor, individual motor controller, contactor, fire alarm panels (main and 
remote booster), and communications (voice, data, video) cabinet or rack, 
security panels, time clocks, BMCS cabinets, sound reinforcement cabinets and 
racks, miscellaneous control cabinets, equipment integral disconnect switches, 
toggle or motor switches, disconnects for equipment, exterior junction boxes, 
exterior pull boxes, exterior wireways and gutters, and rooftop equipment (i.e.: 
supply and exhaust fans, rooftop HVAC equipment) with stainless steel screws. 
a. Utility Power: White letters on black background 

Generator Power (White letters on red background 
UPS Power: White letters on blue background 
Load Bank Circuits: White letters on green background 
Solar or Wind Power Generation: White on orange background 

b. Identifying nameplates shall have 1/2-inch high, engraved letters for 
equipment designation and ¼-inch letters indicating source circuit 
designation, (i.e.: “PANEL HA –fed from MDP-6 located in Mech. Rm. 
100”). The words “fed from” and “located” shall be included in the 
labeling. 
Example: Panel HA 

Fed From MSB 
Located Main Elec. RM 100 

Example: Disconnect for Panel LK 
Location: Kitchen 
Fed From Transformer TLK 
Located Main Elec. RM 100 

c. Each switchboard, distribution panel, transfer switch, generator transfer 
device (GTD) for emergency lighting, and motor control center feeder or 
branch circuit device shall have a nameplate showing the load and 
location of load served in ¼-inch high, engraved letters. Circuit breaker 
name and kirk key designation if applicable 

d. Each section of multiple section panelboards shall also indicate 
panelboard section number (i.e.: Panel “HA-Section 2 – fed from MDP-6 
located in Mech. Rm. 100”) 

e. Motor Controllers, starters, and contactors: Provide neatly typed label 
inside each motor controller and contactor enclosure door identifying 
motor or load served, nameplate horsepower, full load amperes, code 
letter, service factor, and voltage / phase rating. 

f. Individual motor controller and contactor nameplates shall include load 
served, location of load served, panel and circuit numbers serving load, 
location of panel serving load, panel and circuit number serving control 
circuit, location of panel serving control circuit (if different from panel 
serving load), description and location (if applicable) of control controlling 
contactor (i.e. Controlled: Switch in RM 100, and Controlled: BMCS). 
Contactor nameplate is to include whether it is a lighting or receptacle 
contactor and name of contactor. i.e., C-1. 

Lighting Contactor Example Receptacle Contactor Example 

Lighting Contactor C1 Receptacle Contactor C2 
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West Parking Lot Pole Lights 
Fed From Panel HA-2,4,6 
Located Main Elec. Rm. 100 
Control Circuit-Panel LA 42 
Located Main Elec. Rm. 100 
Controlled-BMCS 

Table Recpts Lab Rm 100 
Fed From Panel LA-2,4,6,8 
Located Mech. Rm. 110 
Control Circuit-Panel LA-42 
Controlled-Emer Shut Off Mushroom 
Switch Rm 101 

GTD Example  

Exterior lighting wall packs / 
north soffit / west metal canopy 
Fed from Panels EHA-2 
located in Elec. RM 105 and 
HA-1 via Lighting Contactor 
controlled by BMCS located in 
Elec. RM 200. 

 

g. Exterior J-boxes, pull boxes, and gutters shall have panel identification, 
circuit numbers, and location of panel listed on name plate. Low voltage 
shall be identified per contents, examples: DATA, BMCS, F/A 

h. Name plates on equipment served from switchboards, distribution 
panels, I-Line panels, and motor control centers are not to include circuit 
numbers shown on drawings as the circuit numbers are for construction 
drawing purposes only. 

i. Panel names for 277/480v shall start with the letter “H” and 120/208v, 
120/240v shall start with the letter “L”. No panel shall be named to 
include a number other than multi sectional panels, example HA-section 
2. New panels installed in renovation or site additions shall have names 
approved or designated by Owner’s electrical representative. Panel 
names shall not include the letter “I”. Transformer names shall start with 
the letter “T” followed by the panel name it serves, i.e., TLA. 

j. Main service ATS label shall include equipment name, emergency 
source and location, normal power source and location, panel served 
and location. Wall mounted ATS serving lighting loads shall include type 
of lighting and location, emergency panel and circuit ID and location of 
panel, normal panel and circuit ID and location of panel. 
Main Service ATS Example Wall Mounted Lighting ATS Example 

ATS-1    ATS 
Emer Power-Emer Generator Exterior Wall Packs/Soffit Lights 
Located Chiller Yard  North/West Metal Canopy Lights 
Normal Power-MSB  Fed from EHA-2 
Located-Mech Rm 100  Located Mech Rm 200 
Serves Panel EHA  Fed From HB-4 
Located-Mech Rm 100  Located Mech Rm 150 

k. Name plates shall include rated bus amperage, voltage, number of 
phases, number of wires and type of essential electrical system as 
applicable. 

l. Switchgear, switchboards, panelboards, motor control centers, or service 
equipment available fault current labeling: Provide a 2x3 inch 
permanently affixed (notice) label with white lettering on contrasting blue 
background permanently affixed to the equipment prior to energizing the 
equipment. The label shall include the date of installation and the date of 
calculation and comply with ANSI Z535.4 current standards design and 
durability. The date of calculation shall be the date indicated by the 
Engineer of Record’s seal on the Construction Documents. Example: 

 
AVAILABLE FAULT CURRENT: ##, ### AMPS 
DATE OF INSTALLATION: MM/DD/YY 
DATE OF CALCULATION: MM/DD/YY 
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3. Cardholders and directory cards shall be furnished for circuit identification in 

panelboards. Cardholder shall be located on inside of panel door and shall be in 
a metal frame with clear plastic front. Circuit lists shall be typewritten. Circuit 
descriptions shall include explicit description and identification of items controlled 
by each individual breaker, including final graphics room number or name 
designation and name of each item served. If no building appointed room number 
or name is given, list locations per the following examples – A. Storage in Rm 
100 – B. Office in Rm 100 – C. Storage west of Rm. 100. List corridors as 
“corridors”. Identify circuits controlled by contactors using a separate notation for 
each contactor used. List notation at bottom of schedule stating the circuits are 
controlled by a contactor, list exact location of contactor, and how switched. Do 
not use architectural room number designation shown on plans. Obtain final 
graphics room number identification from Architect’s final room number graphics 
plan. All locations served by breakers shall be listed on schedule. Panel schedule 
shall be large enough to contain all information required. Also refer to Section 26 
24 16. 

4. Permanent, waterproof, black markers shall be used to identify each lighting and 
power grid junction box, gutter and wireway. Clearly indicate the panel and 
branch circuit numbers available at that junction box, gutter or wireway. Where 
low voltage relay panels are used for lighting control, identify the low voltage 
relay panel and number in addition to the branch circuit panel and number. 

5. Pull Boxes, Transformers, Disconnect Switches, etc.: Field work each with a 
name plate showing identity, voltage and phase and identifying equipment 
connected to it. The transformer rating shall be shown on the panels or 
enclosures. For an enclosure containing a motor starter, the nameplate shall 
include the Owner’s motor number, motor voltage, number of motor phases, 
motor load being serviced, motor horsepower, and motor full load current. 
Nameplates shall also indicate where panel is fed from. 

 
B. Prohibited Markings: Markings intended to identify the manufacturer, vendor, or other 

source from whom the material has been obtained are prohibited for installation in public, 
tenant, or common areas within the project. Also prohibited are materials or devices that 
bear evidence that markings or insignias have been removed. Certification, testing 
(example, Underwriters Laboratories), and approval labels are exceptions to this 
requirement. 

 
C. Warning Signs: Provide warning signs where there is hazardous exposure associated 

with access to or operation of electrical facilities. Provide text of sufficient size to convey 
adequate information at each location, mount permanently in an appropriate and effective 
location. Comply with industry standards for color and design. 

 
D. Wire and Cable Markers: Provide vinyl cloth markers with split sleeve or tubing type, 

except in manholes provide stainless steel with plastic ties. 
 
E. Wire and Cable Labeling: Provide wire markers on each conductor in all boxes, pull 

boxes, gutters, wireways, contactors, and motor controllers and load connection. Identify 
with panelboard / switchboard branch circuit or feeder number for power and lighting 
circuits, and with control wire number as indicated on equipment manufacturer’s shop 
drawings for control wiring. 

 
F. Underground Warning Tape: Thomas and Betts or approved equal. Six-inch wide plastic 

tape, colored red for 50 volts or above electrical, or orange for communications and 
control with suitable warning legend describing buried electrical lines; telephone lines and 
data lines per APWA recommendations. All underground electrical conduits shall be so 
identified. Tape shall be buried at a depth of 6-inches below grade and directly above 
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conduits or ductbanks. Provide magnetic marking tape below all underground electrical 
conduits. 

 
G. Lighting Controls and Equipment: Provide self-adhesive machine typed tape labels with 

¼” high white letters on ½” tall black background for digital lighting modules as “DLM”. 
Modules or relays located above ceiling: adhere label to bottom of ceiling T-grid below 
relay location. Modules or relays located in mechanical or electrical rooms or other areas 
other than above ceiling: Adhere label to the cover of the module or relay and identify the 
area they control as “MAIN GYM”, “BAND HALL”, or “CORRIDOR 100”, etc. Remote 
lighting control switches or push-button stations located remotely from the area they 
control: Adhere label to device face plate, not obstructing screw fasteners, and intuitively 
identify function such as “GYM LTG LOW-HIGH” or “CAFE LTG DIM”, etc. 

  
3.2 CUTTING AND PATCHING 

 
A. General: Comply with the requirements of Division 1 for the cutting and patching of other 

work to accommodate the installation of electrical work. Except as authorized by the 
Architect / Engineer, cutting and patching of electrical work to accommodate the 
installation of other work is not permitted. 

 
3.3 INSTRUCTION OF OWNER'S PERSONNEL 

 
A. Prior to substantial completion, conduct an on-site training program to instruct Owner's 

operating personnel in the operation and maintenance of the electrical systems. 
1. Provide the training during regular working day. 
2. The instructors shall be experienced in their phase of operation and maintenance 

of the electrical systems and with the project. 
3. Refer to other specification sections for additional training and commissioning 

requirements. 
 
B. Time to be allocated for instructions. 
 1. Minimum of 20 hours dedicated instructor time. 
 2. 4 hours on each of 5 days 

3. Additional instruction time for specific systems as specified in other Sections. 
 
C. Before on-site training, submit the program syllabus; proposed time and dates; for review 

and approval, minimum 48 hours prior to proposed training time and date. 
1. One copy to the Owner 
2. One copy to the Architect / Engineer 

 
D. The Owner shall provide a list of personnel to receive instructions and shall coordinate 

their attendance at the agreed upon times. 
 
E. Use operation and maintenance manuals as the basis of instruction.  Review manual with 

personnel in detail. Explain all aspects of operation and maintenance. 
 
F. Demonstrate start-up, operation, control, adjustment, troubleshooting, servicing, 

maintenance, and shut down of each item of equipment. 
 
G. Demonstrate equipment functions (both individually and as part of the total integrated 

system). 
 
H. Prepare and insert additional data in the operating and maintenance manuals when the 

need for additional data becomes apparent during instructions. 
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I. Submit a report within one week after completion of training. List time and date of each 
demonstration, hours devoted to the demonstration, and a list of people present, with 
their respective signatures. 

 
J. At the conclusion of the on-site training program, have the person designated by the 

Owner sign a certificate to certify that he / she has a proper understanding of the system, 
that the demonstrations and instructions have been satisfactorily completed, and the 
scope and content of the operating and maintenance manuals used for the training 
program are satisfactory. 

 
K. Provide a copy of the report and the certificate in an appropriately tabbed section of each 

Operating and Maintenance Manual. 
 
3.4 OPENINGS 

 
A. Framed, cast or masonry openings for boxes, equipment or conduits are specified under 

other divisions. Drawings and layout work for exact size and location of all openings are 
included under this division. 

 
3.5 HOUSEKEEPING PADS 

 
A. Provide concrete equipment housekeeping pads under all floor and outdoor mounted 

electrical equipment. 
 
B. Concrete and reinforcing steel shall be as specified in Division 3, or as indicated or noted. 
 
C. Concrete pads: 

1. 6-inches thick minimum indoors; 8-inches thick minimum outdoors or match 
existing if indicated on the drawings to extend existing pads, or in other sections 
of the specifications. 

2. Chamfer strips at edges and corner of forms. 
3. Smooth steel trowel finish. 
4. Extend 3-inches minimum indoors beyond perimeter of equipment unless 

otherwise shown. 
5. 6-inch x 6-inch #8 wire reinforcement mesh. 

 
3.6 OBSTRUCTIONS 

 
A. The drawings indicate certain information pertaining to surface and subsurface 

obstructions, which has been taken from available drawings. Such information is not 
guaranteed, however, as to accuracy of location or complete information. 
1. Before any cutting or trenching operations are begun, verify with Owner's 

representative, utility companies, municipalities, and other interested parties that 
all available information has been provided. 

2. Should obstruction be encountered, whether shown or not, alter routing of new 
work, reroute existing lines, remove obstruction where permitted, or otherwise 
perform whatever work is necessary to satisfy the purpose of the new work and 
leave existing services and structures in a satisfactory and serviceable condition. 

 
B. Assume total responsibility for and repair any damage to existing utilities or construction, 

whether or not such existing facilities are shown. 
 
3.7 VANDAL RESISTANT DEVICES 

 
A. Where vandal resistant screws or bolts are employed on the project, deliver to the Owner 

2 suitable tools for use with each type of fastener used, and 25 percent spare fasteners. 
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B. Proof of delivery of these items to the Owner shall be included in the Operating and 

Maintenance Manuals. 
 
3.8 PROTECTION 

 
A. Protect work, equipment, fixtures, and materials. At work completion, work must be clean 

and in original manufacturer's condition. 
 
B. Do not deliver equipment to this project site until progress of construction has reached 

the stage where equipment is actually needed or until building is closed in enough to 
protect the equipment from weather. Equipment allowed to stand in the weather shall be 
rejected, and the contractor is obligated to furnish new equipment of a like kind at no 
additional cost to the Owner. 

 
3.9 COORDINATION OF BRANCH CIRCUIT OVERCURRENT AND PROTECTION DEVICES 

 
A. Review with equipment specified which requires electrical connections. Review 

equipment shop drawings and manufacturer's nameplate data and coordinate exact 
branch circuit overcurrent protective device and conductors with equipment provided.  
1. Provide equipment manufacturer's recommended overcurrent protective device 

indicated on nameplate at no additional cost to the Owner.  
2. If branch circuit conductors and / or conduit sizing is less than the minimum 

required by equipment manufacturer, notify the Architect / Engineer immediately, 
prior to rough-in.  

3. If equipment manufacturer is a substitution to the specified equipment 
manufacturer, provide the greater of the conductors specified or those required 
for the installed equipment manufacturer’s minimum circuit conductors, at no 
additional cost to the Owner. 

4. If conductors indicated on plans are in excess of that permitted by equipment 
manufacturer, notify Architect / Engineer immediately, prior to rough-in. 

5. If conductors indicated on plans are in excess of that permitted by the equipment 
manufacturer, provide the maximum conductors permitted by the equipment 
manufacturer based on NEC ampacity tables, either in a single set, or as a set of 
parallel conductors as permitted by the NEC. Conductor size and quantity 
entering the equipment enclosures shall not exceed the equipment 
manufacturer’s maximum recommendations. 

 
3.10 FAULT CURRENT AND ARC FLASH STUDY FOR OVERCURRENT DEVICE COORDINATION 

 
A. Contractor shall provide a coordination study, fault current analysis, and Arc-Flash study 

report for new electrical distribution equipment downstream to the last new overcurrent 
device in each feeder or branch circuit, conducted and prepared by the switchgear 
manufacturer. The coordination study and fault current analysis shall include the 
manufacturer’s recommendations for all adjustable overcurrent devices specified or 
provided. Study does not require inclusion of existing switchgear, except it shall include 
existing or new overcurrent devices in existing switchgear serving new switchgear. 
Contractor shall submit the report results prior to submitting switchgear submittals to 
allow changes or modifications to equipment selection. 

 
B. Contractor shall adjust all overcurrent device settings based on manufacturer’s 

recommendations, or as directed by Owner / Architect at no additional cost to Owner. 
Settings for GFI shall be set at maximum as permitted by the NEC. 

 
C. Arc-Flash & Shock-Hazard Warning Labels: Provide arc-flash and shock hazard-warning 

labels that comply with ANSI Z535.4 on switchgear, switchboards, transformers, motor 
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control centers, panelboards, motor controllers, safety switches, industrial control panels 
and other equipment that is likely to require examination, adjustment, servicing, or 
maintenance while energized. Locate the marking to be clearly visible to qualified 
persons before examination, adjustment, servicing, or maintenance of the equipment. On 
renovation projects, install arc-flash warning labels on existing equipment where lock-out 
/ tag-out will be required for the renovation work. Provide the information listed below on 
each label. Specify that arc-flash warning label information be produced by the electrical 
equipment manufacturer or supplier as a part of the final power system studies to be 
submitted by the Contractor in accordance with the electrical acceptance testing. 
1. Note: In addition to the final arc-flash analysis, the final power system studies 

include load flow and fault-current calculations, and an overcurrent protective 
device (OCPD) coordination study based on the actual equipment to be installed 
for the project. 

 
D. Information to be determined and applied to electrical equipment: 

1. Arc-Flash Protection Boundary 
2. Arc-Flash incident energy calculated in accordance with IEEE Std 15841 TM 
3. Working distance calculated in accordance with IEEE Std 1584a TM 
4. NFPA 70E Hazard / Risk Category Number or the appropriate personal 

protective equipment (PPE) for operations with doors closed and covers on.  
a. Typical operations include operating circuit breakers, fused switches, 

and meter selector switches. 
5. System phase-to-phase voltage 
6. Condition(s) when a shock hazard exists (e.g., “With cover off”) 
7. Limited Approach Boundary as determined from NFPA 70E, Table 130.2(C) 
8. Restricted Approach Boundary as determined from NFPA 70E, Table 130.2(C) 
9. Prohibited Approach Boundary as determined from NFPA 70E, Table 130.2(C) 
10. Unique equipment designation or code (described under “Component 

Identification” 
11. Class for insulating gloves based on system voltage (e.g., Class 00 up to 500V) 
12. Voltage rating for insulated or insulating tools based on system voltage (e.g., 

1000V) 
13. Date that the hazard analysis was performed. 
14. “Served from” circuit directory information including the serving equipment 

designation, location (e.g., room number), circuit number, and circuit voltage / 
number of phases / number of wires. 

15. If applicable, the “serves” circuit directory information including the served 
equipment designation, location (e.g., room number), circuit number, and circuit 
voltage / number of phases / number of wires. 

16. An abbreviated warning label may be used where it has been determined that no 
dangerous arc-flash hazard exists in accordance with IEEE 1584a TM, paragraph 
9.2.3. 

17. Use a “DANGER” label where the calculated arc-flash incident energy exceeds 
40 cal/cm. 

 
E. Submittals: Submit four copies of coordination study and certified fault current study 

results to the Architect for review. 
 
3.11 EQUIPMENT BACKBOARDS 

 
A. Backboards: ¾ inch, fire retardant, exterior grade plywood, painted gray, both sides. 

1. Provide minimum of two 4-ft. by 8-ft. sheets of plywood for each new telephone 
equipment terminal location. 

2. Provide minimum of two 4-ft. by 4-ft. sheets of plywood for each new data / voice 
/ video / communications equipment location / cable TV head end equipment, or 
security equipment location. 
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SECTION 26 05 05 
 

ELECTRICAL ALTERATIONS PROJECT PROCEDURES 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Inspection and service of existing equipment and materials to remain or be reused. 
 

B. Handling of equipment and materials to be abandoned. 
 

C. Handling of equipment and materials to be removed. 
 
1.2 QUALITY ASSURANCE 
 

A. Coordination with the Contractor prior to the disconnection or shutdown of existing 
equipment, or to the modification of existing operational systems. 

 
1.3 CONTRACT DRAWINGS 
 

A. There is the possibility that there exist conditions and devices that are affected by the 
work indicated on the drawings and called for in the specifications (project manual) that 
do not appear on the drawings. It is the Contractors responsibility to visit the site and 
determine all of the existing conditions and to consider these existing conditions when 
making and presenting a proposal, to have a complete proposal. 

 
PART 2 - PRODUCTS 
 
2.1 MATERIALS AND EQUIPMENT 
 

A. Material used to upgrade and repair existing equipment shall conform to that specified. 
 
B. Material used to upgrade and repair existing equipment shall not void existing warranties 

or listings of the equipment to be upgraded or repaired. 
 
C. Material used to upgrade and repair existing equipment shall be new and shall be of the 

same manufacturer of the existing equipment, shall be acquired through the existing 
original equipment manufacturer’s approved distribution channels, shall have 
manufacturer’s warranties for the new material being used, and shall be listed for the use 
intended. 

 
PART 3 - EXECUTION 
 
3.1 INSPECTION 
 

A. Existing materials and equipment indicated on the drawings or in the specifications to be 
reused shall be inspected for damaged or missing parts. Notify the Architect / Engineer, 
in writing, accordingly. 

 
B. If using materials specified or shown on the drawing voids or diminishes the warranty or 

operation of remaining equipment or systems, the Contractor shall notify the Architect / 
Engineer, in writing. 

 
C. Verify field measurements and circuiting arrangements. 
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D. Verify that abandoned wiring, panelboards, and switchboards, disconnect switches, and 
equipment serve only abandoned facilities. Where abandoned wiring, panelboards, 
switchboards, and equipment which serve existing facilities are to remain, Contractor 
shall provide means and methods to ensure existing facilities remain energized with the 
correct voltage, overcurrent protection, conductors, and circuit ampacity required by the 
existing facilities to remain. 

 
E. Demolition Drawings are based on casual field observation, and when available, existing 

record documents. Report discrepancies to Architect before disturbing existing 
installation, and immediately after such discrepancies are discovered. 

 
3.2 APPLICATION 
 

A. Existing materials and equipment indicated on the drawings or in the specification to be 
reused shall be cleaned and reconditioned, including tightening of feeder and bus bar 
lugs prior to installation and reuse in the modified system. 

 
B. Remove existing luminaries for alterations/renovations. Use mild detergent to clean all 

exterior and interior surfaces; rinse with clean water and wipe dry. For each luminarie that 
is taken down for alteration and then reinstalled, replace damaged parts, provide new 
lamps and, with matching paint, touch-up scratched or abraded areas, and replace 
cracked, broken or missing lenses or diffusers. Replace unrepairable fixtures with new 
fixtures. 

 
C. Material and equipment removed that is not to be salvaged for Owner's use or for reuse 

on the project shall become the property of the Contractor and shall be removed from the 
site. 

 
D. Prior to start of construction, Contractor shall walk areas to be renovated with Owner to 

identify and document items to be salvaged for Owner’s use. 
 

E. Material or equipment salvaged for Owner's use shall be carefully handled and stored 
where directed by the Owner. 

 
F. Materials and equipment not indicated to be removed or abandoned shall be reconnected 

to the new system. 
 
G. Clean and repair existing materials and equipment that remain or are to be reused. 
 
H. Panelboards Reused and Modified for Renovation: Clean exposed surfaces and check 

tightness of electrical connections. Replace damaged circuit breakers and provide 
closure plates for vacant positions. Provide typed circuit directory showing revised 
circuiting arrangement. 

 
3.3 SEQUENCING AND SCHEDULING 
 

A. Coordinate utility service outages with Utility Company, Architect and Owner. 
 

B. Provide temporary wiring and connections to maintain existing systems in service during 
construction. When work must be performed on energized equipment or circuits use 
personnel experienced in such operations. 

 
C. Existing Electrical Service: Refer to drawings for work in remodeled areas. Where 

facilities in these areas are to remain in service, any related work to keep the facilities in 
operation is specified in this Division. Maintain existing system in service until new 
system is complete and ready for service. Disable system only to make switchovers and 
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connections. Obtain written permission from Owner at least 10 business days before 
partially or completely disabling system. Minimize outage duration. Make temporary 
connections to maintain service in areas adjacent to work area. Disclose the extent, exact 
time and expected duration of the outage in a written request to the Owner. 

 
D. Remove and replace existing conduit, wiring, outlets, devices, lighting fixtures, panels 

and appurtenances as occasioned by new or remodeled construction. Re-establish 
service to lights, switches and devices that may be interrupted by remodeled 
construction. 

 
E. Disconnect electrical systems in walls, floors and ceilings scheduled for removal. When 

outlets are removed, wire shall be pulled out of the conduit back to the nearest remaining 
box or cabinet. 
1. Remove exposed conduit that has been abandoned. 
2. Cap conduit beyond the finish line. 
3. Provide unswitched circuit leg for emergency battery powered equipment; circuit 

from same branch circuit breaker as switched normal lighting circuit. 
 

F. Where new/existing luminaries or devices are shown being connected to existing circuits: 
1. Field verify existing system voltage 
2. Provide ballast / device to match system voltage 

 
G. Verify the loading of each circuit affected by remodeling work.  The maximum load of any 

branch circuit shall not exceed 80% of its rating. 
 

H. Remove equipment, systems, conductors, wiring, raceways, etc. abandoned or not 
required for existing or new systems. Coordinate with Architect / Owner for salvage by 
Owner. Remove abandoned / not required raceways and wiring back to nearest box 
serving load to remain, or back to panel if not serving remaining load. 

 
I. Existing Power, and Lighting and Appliance Branch Circuit Distribution System:  Maintain 

existing system in service unless as noted or specified otherwise.  Disable system only to 
make switchovers and connections.  Notify Owner at least 72 hours before partially or 
completely disabling system.  Minimize outage duration.  Make connections to maintain 
service in areas adjacent to work area. 

 
J. Existing Lighting System:  Maintain existing system in service unless as noted or 

specified otherwise.  Disable system only to make switchovers and connections.  Notify 
Owner at least 72 hours before partially or completely disabling system.  Minimize outage 
duration.  Make connections to maintain service in areas adjacent to work area. 

 
K. Existing Fire Alarm System:  Maintain existing system in service.  Disable system only to 

make switchovers and connections.  Notify Owner and local fire service at least 72 hours 
before partially or completely disabling system.  Minimize outage duration.  Make 
connections to maintain service in areas adjacent to work area. 

 
L. Existing Telephone System:  Maintain existing system in service.  Disable system only to 

make switchovers and connections.  Notify Owner and Telephone Company at least 72 
hours before partially or completely disabling system.  Minimize outage duration.  Make 
connections to maintain service in areas adjacent to work area. 

 
M. Existing Paging and Sound Reinforcement Systems:  Maintain existing system in service. 

Disable system only to make switchovers and connections.  Notify the Owner at least 72 
hours before partially or completely disabling system.  Minimize outage duration. Make 
connections to maintain service in areas adjacent to work area. 
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N. Existing Data Network:  Maintain existing system in service.  Disable system only to 
make switchovers and connections.  Notify the Owner at least 72 hours before partially or 
completely disabling system.  Minimize outage duration. Make connections to maintain 
service in areas adjacent to work area. 

 
O. Existing Video Distribution System:  Maintain existing system in service.  Disable system 

only to make switchovers and connections.  Notify the Owner at least 72 hours before 
partially or completely disabling system.  Minimize outage duration. Make connections to 
maintain service in areas adjacent to work area. 

 
P. Existing Security System:  Maintain existing system in service.  Disable system only to 

make switchovers and connections.  Notify the Owner at least 72 hours before partially or 
completely disabling system.  Minimize outage duration. Make connections to maintain 
service in areas adjacent to work area. 

 
Q. Existing Video Surveillance System:  Maintain existing system in service.  Disable system 

only to make switchovers and connections.  Notify the Owner at least 72 hours before 
partially or completely disabling system.  Minimize outage duration. Make connections to 
maintain service in areas adjacent to work area. 

 
3.4 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK 

 
A. The Contractor shall modify, remove, and/or relocate all materials and items so indicated 

on the drawings or required by the installation of new facilities. All removals and/or 
dismantling shall be conducted in a manner as to produce maximum salvage. Salvage 
materials shall remain the property of the Owner and shall be delivered to such 
destination as directed by the Owner’s representative unless they are not wanted, then it 
will be the responsibility of this Contractor to remove such items and properly dispose of 
them. Materials and/or items scheduled for relocation, and which are damaged during 
dismantling or reassembly operations shall be repaired and restored to good operative 
condition. The Contractor may, at his discretion, and upon approval of the Owner’s 
representative substitute new materials and/or items of like design and quality in lieu of 
materials and/or items to be relocated. 
1. Remove abandoned electrical distribution equipment, utilization equipment, 

outlets and accessible portions of wiring, raceway systems, and cables back to 
the source panelboard, switchboard, switchgear, communications closet, or 
cabinet. Abandoned wiring and raceways can result from actions that include the 
following: 
a. Equipment is removed or relocated 
b. Fixtures are removed or relocated 
c. System is no longer used 
d. There is no demonstrable near-term future use for the existing circuit or 

raceway system. 
2. Leave abandoned electrical equipment, conductors, and material in place only if 

one or more of the following conditions exist: 
a. The removal requires the demolition of other structures, finishes, or 

equipment that is still in use. An example is abandoned conduit above an 
existing plaster ceiling. 

b. Removal is not feasible due to hazards, construction methods, or 
restricted access. 

c. Removal of abandoned conductors may damage conductors that must 
remain operational. 

3. Remove conduits, including those above accessible ceilings, to the point that 
building construction, earth, or paving covers them. Cut conduit beneath or flush 
with building construction or paving. Plug, cap, or seal the remaining unused 
conduits. Install blank covers for abandoned boxes and enclosures not removed. 
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4. Extend existing equipment connections using material and methods compatible 
with the existing electrical installation and this division. 

5. Restore the original fire rating of floors, walls, and ceilings after electrical 
demolition. 

6. Use approved lock-out / tag-out procedures to control hazardous energy sources. 
Assure that an electrically safe work condition exists in the demolition area 
before beginning demolition. Where possible, disconnect the building from all 
sources of electrical power before beginning demolition. 

 
B. All items to be relocated shall be carefully removed in reverse to original assembly or 

placement and protected until relocated. The Contractor shall clean, repair, and provide 
all new materials, fittings, and appurtenances required to complete the relocations and to 
restore them to good operative order. All relocations shall be performed by workmen 
skilled in the work and in accordance with standard practice of the trades involved. 

 
C. When items scheduled for relocation and/or reuse are found to be in damaged condition 

before work has been started on dismantling, the Contractor shall call the attention of the 
Owner’s representative to such items and receive further instructions before removal. 
Items damaged in repositioning operations are the contractor’s responsibility and shall be 
repaired or replaced by the contractor as approved by the owner’s representative, at no 
additional cost to the Owner. 

 
D. Conduit and wiring to items to be removed, salvaged, or relocated shall be removed to 

points indicated on the drawings, specified, or acceptable to the Owner’s representative. 
Conduit and wiring not scheduled for reuse shall be removed to the points at which reuse 
is to be continued or service is to remain. Such services shall be sealed, capped, or 
otherwise tied-off or disconnected in a safe manner acceptable to the Construction 
Inspector. All disconnections or connections into the existing facilities shall be done in 
such a manner as to result in minimum interruption of services to adjacent occupied 
areas. Services to existing areas or facilities that must remain in operation during the 
construction period shall not be interrupted without prior specific approval of the Owner’s 
representative hereinbefore specified. 

 
E. Disconnect abandoned outlets and remove devices. Remove abandoned outlets if 

conduit servicing them is abandoned and removed. Provide blank cover for abandoned 
outlets that are not removed. Replace existing wiring devices and cover plates with new 
wiring devices and new cover plates in renovated areas. Any corridor, room, or area 
indicated to have any new wiring devices installed shall have all of the existing wiring 
devices and cover plates replaced with new wiring devices and new cover plates. 

 
F. Disconnect and remove electrical devices and equipment serving utilization equipment 

that has been removed. 
 
G. Disconnect and remove abandoned luminaries. Remove brackets, stems, hangers, and 

other accessories. 
 
H. Repair adjacent construction and finishes damaged during demolition and extension 

work. 
 
I. Maintain access to existing electrical installations that remain active.  Modify installation 

or provide access panel as appropriate. 
 
J. Extend existing installations using materials and methods compatible with existing 

electrical installations, or as specified. 
 

K. Existing conduit raceway found to need additional hangers installed and/or junction box 
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covers shall be added at no additional cost to the Owner. 
 
L. Disconnect and remove electrical devices and equipment serving utilization equipment 

that has been removed. 
 
3.5 PROTECTION OF THE WORK 
 

A. Provide adequate temporary support and auxiliary structure as necessary to ensure 
structural value or integrity of affected portion of work. 

 
B. Provide devices and methods to protect other portions of work from damage. 

 
C. Execute fitting and adjustment of products to provide a finished installation to comply with 

specified products, functions, tolerances and finishes. 
 

3.6 IDENTIFICATION OF EQUIPMENT IN RENOVATED AREAS 
 

A. Identification of Equipment: Provide new, typed panel directory cards (and card holders if 
needed) for existing panelboards located within the renovated areas. Ring out all new 
and existing circuits within these panelboards as specified in Section 26 05 00 Electrical 
General Provisions. Do not include the description “existing”. Provide new nameplates for 
all existing electrical equipment in renovated areas as specified in Section 26 05 00 
Electrical General Provisions. 

 
3.7 TESTING AND CORRECTIVE MEASURES FOR DAMAGE DURING CONSTRUCTION IN 

EXISTING LOW VOLTAGE SYSTEMS 
 

A. Pre-construction testing of existing low voltage systems: 
1. Provide a complete operational test of the following systems prior to demolition 

and renovation. Verify operation of each circuit, device, panel, console, 
distribution equipment, and associated accessories. Test shall be performed by a 
contractor and technicians, each certified by the respective manufacturer of the 
existing special system to perform test, programming, and repairs to the 
respective manufacturer’s system. Testing of the existing system shall include all 
areas served by the existing system including but not limited to the main campus, 
remote buildings, and temporary buildings: 
a. Paging System. 
b. Telephone System 
c. Fire Alarm System 
d. Data Network Communications System 
e. Video Distribution System 
f. Security Access Control System 
g. Video Surveillance System. 
h. Sound Reinforcement System 

2. Provide a complete written report to the Architect, indicating any deficiencies of 
the existing system in relation to each component’s intended function. Include in 
the written report evidence of current certification by the respective manufacturer 
for the contractor and individuals performing the tests. Provide the written report 
within 14 days of notice to proceed and prior to any demolition or renovation 
work.  

 
B. Substantial completion testing of existing low voltage systems: 

1. Provide complete operational tests of the following systems within 14-days prior 
to estimated date of substantial completion. Verify operation of each circuit, 
device, panel, console, distribution equipment, and associated accessories. Test 
shall be performed by a contractor and technicians each certified by the 
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respective manufacturer of the existing system to perform test, programming, 
and repairs to the respective manufacturer’s system. Testing of the existing 
system shall include all areas served by the existing system including but not 
limited to the main campus, remote buildings, and temporary buildings: 
a. Paging System. 
b. Telephone System 
c. Fire Alarm System 
d. Data Network Communications System 
e. Video Distribution System 
f. Security Access Control System 
g. Video Surveillance System. 
h. Sound Reinforcement System 

2. Provide a complete written report to the Architect, indicating any deficiencies of 
the existing system in relation to each component’s intended function. Include in 
the written report evidence of current certification by the respective manufacturer 
for the contractor and each individual performing the tests. Provide the written 
report within 14 days of expected date for substantial completion. 

 
C. Repairs, equipment replacements, and corrections to low voltage systems due to 

damage caused by contractor:  
1. Notify the Owner immediately of any disruption or damage to any low voltage 

system. 
2. Any disruption or damage to the existing access control system or fire alarm 

system shall be corrected the same day as the disruption or damage occurred. 
The access control system and fire alarm system shall be tested daily in the 
presence of the owner prior to the Contractor leaving the job site each day. 

3. For each low voltage system, a manufacturer certified contractor and certified 
technicians shall perform corrective measures to each system component that 
was functional prior to demolition and renovation and found defective or non-
functional within 14-days prior to estimated date of substantial completion. 

4. Corrective measures to all low voltage systems to correct components of the low 
voltage systems found damaged by the contractor shall be completed to the 
satisfaction of the Owner and Architect / Engineer prior to acceptance of 
substantial completion at no additional cost to the Owner. 

 
END OF SECTION 
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SECTION 26 05 10 
 

CONTRACT QUALITY CONTROL 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Contract quality control including workmanship, manufacturer's instructions, mock-ups 
and demonstrations. 

 
1.2 QUALITY CONTROL PROGRAM 
 

A. Maintain quality control over supervision, subcontractors, suppliers, manufacturers, 
products, services, site conditions and workmanship to produce work in accordance with 
contract documents. Submit a narrative outline of the Quality Control Program or Plan. 

 
1.3 WORKMANSHIP 
 

A. Comply with industry standards except when more restrictive tolerances or specified 
requirements indicate more rigid standards or more precise workmanship. 

 
B. Perform work by persons qualified to produce workmanship of specified quality. Persons 

performing electrical work shall be required to be licensed. There shall be on-site 
supervision at all times, including punch list work, with that person having a minimum of 
journeyman license. Helpers, apprentices shall have a minimum of apprentice license. 

 
C. Secure products in place with positive anchorage devices designed and sized to 

withstand stresses, vibration, and racking. Under no conditions shall material or 
equipment be suspended from structural bridging. 

 
D. Provide finishes matching approved samples; all exposed finishes shall be approved by 

the Architect / Engineer. Submit color samples as required. 
 
1.4 MANUFACTURER'S INSTRUCTIONS 
 

A. Comply with instructions in full detail, including each step in sequence. 
 

B. Should instruction conflict with Contract Documents, request clarification from Architect / 
Engineer before proceeding. 

 
1.5 MANUFACTURER'S CERTIFICATES 
 

A. When required in individual Specification Sections, submit manufacturer's certificate in 
duplicate, certifying that products meet or exceed specified requirements. 

 
1.6 MANUFACTURER'S FIELD SERVICES 
 

A. When required in individual Specification Sections, manufacturer shall provide 
manufacturer’s qualified personnel to observe: 
1. Field conditions 
2. Condition of installation 
3. Quality of workmanship 
4. Start-up of equipment 
5. Testing, adjusting, and balancing of equipment 
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B. Manufacturer’s qualified personnel shall make written report of observations and 
recommendations to Architect / Engineer. 

 
PART 2 - PRODUCTS 
 
2.1 EQUIPMENT AND MATERIAL 
 

A. Comply with recognized National rating and approval agencies as well as all codes and 
ordinances at the federal, state and city levels. 

 
PART 3 - EXECUTION 
 
3.1 ADJUSTMENTS AND MODIFICATIONS 
 

A. Contractor shall provide all adjustments and modifications as requested by the 
manufacturer’s qualified personnel at no additional cost to Owner. 

 
B. Coordination Drawings: 

1. Electrical room size and location required and to scale 
2. Equipment and accessories, switchgear and piping 
3. Indicate clearances and service access. 

 

3.2 ELECTRICAL ACCEPTANCE TESTING 
 

A. Perform electrical acceptance testing and inspections in accordance with the current 
edition of the International Electrical Testing Association (NETA), Acceptance Testing 
Specification (ATS). 

 
B. Perform acceptance testing, inspection, function tests, and calibration to assure that 

installed electrical systems and components, both Contractor and user-supplied are: 
1. Installed in accordance with design documents and manufacturer’s instructions. 
2. Tested and inspected in accordance with applicable codes and standards (e.g. 

NFPA 110 and NFPA 111). 
3. Ready to be energized. 
4. Operational within industry and manufacturer’s tolerances.  

 
3.3 INSPECTIONS BY LOCAL AUTHORITY HAVING JURISDICTION (AHJ) 
 

A. Contractor shall notify design prime consultant and associated Architect / Owner’s 
Construction Manager when he requests an inspection by the AHJ. 

 
END OF SECTION 
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SECTION 26 05 12 
 

ELECTRICAL SHOP DRAWINGS, COORDINATION DRAWINGS & PRODUCT DATA 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Prepare submittals as required by Division 01 and as outlined below. 
 
B. Provide individual submittals based on the project specification section number and 

description and only items specified or required in that specific project specification 
section. 

 
C. Submit product data shop drawings only for the following items indicated below when 

included as part of the project specifications, and for items specifically requested 
elsewhere in the Contract Drawings and Specifications. Architect / Engineer reserves the 
right to refuse shop drawings not requested for review, typically for basic materials and 
commodity off-the-shelf materials, and/or to imply that materials shall be provided as 
specified without exception.  

 
D. The term submittal, as used herein, refers to all: 

1. Shop Drawings 
2. Coordination Drawings 
3. Product data 

 
E. Submittals shall be prepared and produced for: 

1. Distribution as specified 
2. Inclusion in the Operating and Maintenance Manual, in the related O&M manual 

section. 
 
1.2 ARCHITECT / ENGINEER REVIEW OF SUBMITTALS 
 

A. The Architect / Engineer will: 
1. Review requested submittals with reasonable promptness. Specific equipment 

submittal within a materials specification section that may be required to be 
expedited shall be submitted separately without other submittal items not 
requiring the same prompt attention. 

2. Affix stamp and initials or signature and indicate requirements for resubmittal or 
exceptions to submittal as submitted. 

3. Return submittals to Contractor for distribution or for resubmission. 
 

B. Review of submittals will not extend to design data reflected in submittals that is 
peculiarly within the special expertise of the Contractor or any party dealing directly with 
the Contractor. 

 
C. Architect / Engineer's review is only for conformance with the design concept of the 

project and for compliance with the information given in the contract. 
1. The review shall not extend to means, methods, sequences, techniques or 

procedures of construction or to safety precautions or programs incident thereto. 
2. The review shall not extend to review of quantities, dimensions, weights or 

gauges, fabrication processes, or coordination with the work of other trades. 
 

D. The review of a separate item as such will not indicate approval of the assembly in which 
the item functions. 
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1.3 SUBSTITUTIONS 
 

A. Do not make requests for product or material substitution employing the procedures of 
this Section. The procedure for making a formal request for substitution is specified in 
Division 01. 

 
PART 2 - PRODUCTS 
 

A. Each individual submittal shall be an individual specific electronic data file with the file 
name resembling the product specification section number and title. Refer to Division 01 
for additional data file format and media requirements. 

 
PART 3 - EXECUTION 
 
3.1 SPECIFICATION COMPLIANCE REVIEW 
 

A. Do not submit an outline form of compliance, submit a complete copy with the product 
data. 

 
B. Mark up a complete copy of the complete specification section for the product to indicate 

a) acknowledgement of the specification requirement (Comply), or b) acknowledgement 
that the particular specification requirement does not apply to this specific project (Not 
Applicable) or, c) acknowledgement that the specification requirement cannot be made or 
that a variance is being submitted for review to the Architect / Engineer / Owner (Does 
Not Comply, Explanation:). 

 
C. Variances for roduct ot materials typically include updated model numbers or updated 

versions of the specified product from the same manufacture or an equal or better 
product from the approved manufactures list. Substutions from manufacture’s not on the 
approved manufacture’s will not be reviewed unless prior approval using one of the 
procedures for substitutions or changes in the contract documents are followed as 
requried in Division 01. 

 
3.2 COMPOSITE COORDINATION DRAWINGS 
 

A. Produce a set of composite coordination drawings for above ceiling, below ceiling, and below 
floor of electrical, mechanical, and technology equipment rooms and equipment yards for 
review and comment within four (4) weeks of receipt of Owner’s official Notice to Proceed. 
Show coordination of items including but not limited to structural and architectural elements, 
all mechanical and plumbing piping, ductwork, equipment, electrical conduit, low voltage 
communications and safety/security systems cabling, cable trays, lighting, electrical 
switchgear, generators and UPSs, and any public or private building utility services. 
1. Prepare the composite plans at one-quarter inch (1/4”) equals one-foot scale. 

Include larger scale sections with vertical elevations of elements as required to 
confirm coordinate of all elements. 

2. For each room containing major electrical switchgear and each outside 
equipment area with major electrical switchgear and other equipment also 
include NEC working space, NEC equipment space, and NEC access to NEC 
working space, and housekeeping pad location and dimensions. 

3.  Prepare coordination drawings to coordinate installations for efficient use of 
available space allowing for future additional equipment wherever possible, for 
proper sequence of installation, and to resolve conflicts. Coordinate with work 
specified in other sections and other divisions of the specifications. 

4. Identify field dimensions. Show relation to adjacent or critical features of work or 
products. 
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B. Submit composite coordination shop drawings in plan, elevation and sections, showing 
receptacles, outlets, electrical and telecommunication devices in casework, cabinetwork 
and built-in furniture. 
1. Verify location of wiring devices and outlets, communication devices and outlets, 

safety and security devices, and other work specified in this Division. 
2. Coordinate with drawing details, site conditions, composite coordination 

drawings, and millwork other equipment shop drawings prior to installation. 
3. Submit coordination and shop drawings prior to rough-in and fabrication.   

 
3.3 EQUIPMENT SHOP DRAWINGS AND PRODUCT DATA 
 

A. Submittals shall not be combined or bound together with any other material submittal. Do 
not submit entire product catalogs, submit only specific data sheets indicating required 
product information and available product options or accessories. 

 
B. Submittal Specification Information: 

1. Every submittal document shall bear the following information as used in the 
project manual: 
a. The related specification section number 
b. The exact specification section title 
c. Additional identifiers as required in Division 01. 

2. Submittals delivered to the Architect / Engineer without the specified information 
will not be processed. The Contractor shall bear the risk of all delays, as if no 
submittal had been submitted or delivered. 

 
C. All product options specified shall be clearly indicated on the product data submittal. All 

options listed on the standard product printed data not clearly identified as either part of 
or not part of the product data submitted shall become part of the Contract and shall be 
assumed to be provided with the product submitted. 

 
D. Mark each copy of standard manufacture’s printed data to identify pertinent products, 

referenced to specification section and article number. 
 
E. Show reference standards, performance characteristics and capacities; wiring diagrams 

and controls; component parts; finishes; dimensions and required clearances. 
 

F. Modify manufacturer's standard schematic drawings and diagrams to supplement 
standard information and to provide information specifically applicable to the work. Delete 
or strike through information not applicable. 

 
G. Submit drawings in a clear and thorough manner. Identify details by reference to sheet 

and detail, schedule, or room numbers shown on Contract Drawings. 
 
H. Show all dimensions of each item of equipment in its to be installed assembled condition 

with all components assembled. Include a series of drawings of individual components as 
necessary for reference. 

 
I. Identify field dimensions; show relation to adjacent or critical features or work or products. 

 
J. Submit individually bound shop drawings and product data for the following when 

specified or provided. 
 
K. The Fault Current and Overcurrent Device Coordination Analysis shall be submitted prior 

to other electrical switchgear dependent on the results of the study for specific product 
selection by the vendor or contractor for compliance with the study. 
1. The emergency life safety power system equipment shall be fully coordinated as 
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required by the NEC. 
2. The AIC and WCR ratings of all products meet or exceed the available fault 

current at that equipment’s location. 
3. Electrical systems other than life safety power systems shall be coordinated as 

much as practicable while reducing arc flash energy as much as practical. 
 

L. Required submittals when products are indicated or specified: 
1. Fault Current and Overcurrent Device Coordination Analysis. Submit this 

analysis at a minimum of three (3) weeks prior to any overcurrent device 
submittal to allow review for modifications to overcurrent device product selection 
submittal based on the manufacture’s analysis and recommendations. 
Manufacture’s recommendations for code compliance equipment fault tolerance 
are a project requirement and shall be provided at no additional cost to the 
Owner. Manufacture’s recommendations for arc flash reduction that result in no 
additional cost to the Owner shall be provided. Manufacture’s recommendations 
for arch flash reduction which would result in additional cost to the Owner are 
considered recommendations only and will be reviewed by the Engineer during 
the submittal review and may or may not result in changes to the specified or 
submitted equipment.  

2. Enclosed Switches, non-fused, fused, or circuit breaker 
3. Panelboards 
4. Load centers 
5. Wiring devices 
6. Lighting fixtures 
7. Lighting Controls 
8. Surge Protection Devices 
9. Transformers 
10. Electrical Contactors 
11. Enclosed Motor Controllers 
12. Site Lighting Photometrics, Poles, and Fixtures 
13. Switchboards, including renewal components for existing switchboards. 
14. Elevator Power Module fused switches. 
15. Fuses 
16. Recessed floor boxes and fittings 
17. Metering equipment for building management energy monitoring, usage, IECC 

compliance 
18. Modular metering equipment for multi-tenant utility electrical services 
19. Emergency/Standby generators 
20. Automatic transfer switches 
21. Manual transfer switches with or without integral generator docking stations 
22. Remote generator docking stations 
23. Emergency lighting inverters 
24. Theatrical Lighting Systems 
25. Architectural Dimming Systems 
26. Electrical cable trays 
22. Sports Lighting Equipment, Photometrics, Fixtures, and Poles 
27. Surface Raceways 
28. Electrical controls and time switches 
29. Motor control centers, including renewal components for existing motor control 

centers 
30. Busway 
31. Uninterrupted Power Supply systems 
32. Power quality improvement filters or capacitors 
33. Lightning protection system 
34. Fire Rated Cables and Connectors 
35. Low Voltage Switchgear 
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36. Medium Voltage Cable and Connectors 
37. Medium Voltage Switchgear 

 
3.4 MANUFACTURERS INSTRUCTIONS 
 

A. Submit Manufacturer's instructions for storage, preparation, assembly, installation, start-
up, adjusting, calibrating, balancing and finishing. 

 
3.5 CONTRACTOR RESPONSIBILITIES 
 

A. Review, make corrections or annotations for clarification of manufacturer supplied data, 
stamp and sign submittals prior to transmittal. 

 
B. Determine and verify: 

1. Field measurements 
2. Field construction criteria 
3. Manufacturer's catalog numbers 
4. Conformance with the Contract Documents 

 
C. Coordinate submittals with requirements of the work and of the Contract Documents. 

 
D. Notify the Architect / Engineer in writing at time of submission of any deviations in the 

submittals from requirements of the Contract Documents. 
 

E. Do not fabricate products, or begin work for which submittals are required, until such 
submittals have been produced and bear contractor's stamp of acceptance or approval. 
Do not fabricate products or begin work until return of reviewed submittals with Architect / 
Engineer's acceptance. 

 
F. Contractor's responsibility for errors, omissions, or un-approved substitutions in 

submittals is not relieved whether Architect / Engineer reviews submittals or not. 
 

G. Contractor's responsibility for deviations in submittals from requirements of Contract 
Documents is not relieved whether Architect / Engineer reviews submittals or not, unless 
Architect / Engineer gives written acceptance of the specific deviations identified by the 
Contractor on reviewed documents. 

 
H. Submittals shall show sufficient data to indicate complete compliance with Contract 

Documents: 
1. Proper sizes and capacities 
2. That the item will fit in the available space in a manner that will allow proper 

service; manufacture’s and code required clearances. 
3. Construction methods, materials and finishes 

 
I. Schedule submissions at least 15 days before date reviewed submittals will be needed 

by the Contractor for processing or for making corrections for re-submittal. 
 

J. General and Electrical Contractor’s Stamp of Approval 
1. The general contractor and the electrical contractor shall stamp and sign each 

document certifying to the review of products, field measurements and field 
construction criteria, and coordination of the information within the submittal with 
requirements of the work and of Contract Documents. 

2. Contractor's stamp of approval on any submittal shall constitute a representation 
to Owner and Architect / Engineer that Contractor has either determined and 
verified all quantities, dimensions, field construction criteria, materials, catalog 
numbers, and similar data or assumes full responsibility for doing so, and that 
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Contractor has reviewed or coordinated each submittal with the requirements of 
the work and the Contract Documents. 

3. Do not deliver any submittals to the Architect / Engineer that do not bear the 
Contractor's stamp of approval and signature. 

4. Submittals delivered to the Architect / Engineer without Contractor's stamp of 
approval and signature will not be processed. The Contractor shall bear the risk 
of all delays, as if no submittal had been delivered. 

 
3.6 SUBMISSION REQUIREMENTS 
 

A. Make submittals promptly in accordance with approved schedule, and in such sequence 
as to cause no delay in the Project or in the work of any other Contractor. Product and 
equipment related to site work or other trades which require extensive rough-in, 
foundations, or structural support shall be submitted as soon as possible after given 
notice to proceed with construction. 

 
B. Number of submittals required: 

1. Coordination Drawings: Submit one electronic data file (pdf) and three opaque 
reproductions or coordination drawings. 

2. Product Data: Submit electronic data PDF files. Refer to Division 01 for specific 
requirements. PDF files that are 20MB or larger may indicate that a submittal 
includes information not specifically relevant to the specific product being 
provided, information not required for the review of the specific product such as a 
complete product catalog or catalog section. Contractor shall include only the 
product data required to review the specific products characteristics for 
compliance with the contract documents. 

 
C. Accompany submittals with transmittal letter containing: 

1. Date 
2. Project title and number 
3. Contractor's name, address and contact information. 
4. The number of each Shop Drawing, Project Datum and Sample submitted 
5. Other pertinent data as required in Division 01. 

 
D. Submittals shall include: 

1. The date of submission 
2. The project title and number 
3. Contract Identification 
4. The names of: 

a. Contractor 
b. Subcontractor 
c. Supplier 
d. Manufacturer 

5. Identification of the product 
6. Field dimensions, clearly identified as such 
7. Relation to adjacent or critical features of the work or materials 
8. Applicable standards 
9. Identification of deviations from contract documents 
10. Suitable blank space for General Contractor and Architect / Engineer stamps 
11. Contractor's signed and dated Stamp of Approval. 

 
E. Coordinate submittals into logical groupings to facilitate interrelation of the several items. 

1. Finishes which involve Architect / Engineer selection of colors, textures or 
patterns 

2. Associated items requiring correlation for efficient function or for installation 
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3.7 RESUBMISSION REQUIREMENTS 
 

A. Make resubmittals under procedures specified for initial submittals. Re-submittals shall 
be a complete submittal as if it were the initial submittal unless otherwise instructed in the 
review comments on the original submittal. 
1. Indicate that the document or sample is a resubmittal 
2. Identify changes made since previous submittals 

 
B. Indicate any additional changes which have been made by the contractor other than 

those requested by the Architect / Engineer. 
 

END OF SECTION 
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SECTION 26 05 19 
 

CONDUCTORS AND CONNECTORS – 600 VOLT 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Provide electrical conductors, wire and connector work as shown, and specified. 
 

B. Types: The types of conductors and connectors required for the project include the 
following: 
1. 600V building conductors 
2. 600V building conductor connectors 

 
C. Application: The applications for conductors and connectors required on the project are 

as follows: 
1. Power distribution circuitry 
2. Lighting branch circuitry 
3. Appliance, receptacle, and equipment branch circuitry 
4. Motor branch circuitry 
5. Control wiring 
6. Line voltage 

 
D. Refer to other specific specification sections for voice, video, data, alarm and 

instrumentation cables. 
 
1.2 QUALITY ASSURANCE 
 

A. UL Label: Conductors and connectors shall be UL labeled. 
 
1.3 REFERENCES 
 

A. Refer to other specific specification sections regarding specialized wiring and 
connections. 

 
PART 2 - PRODUCTS 
 
2.1 CONDUCTORS AND CONNECTORS 
 

A. General: Except as indicated, provide conductors and connectors of manufacturer's 
standard materials, as indicated by published product information, designed and 
constructed as instructed by the manufacturer, and as required for the installation. 

 
B. Conductors: Provide factory-fabricated conductors of the size, rating, material, and type 

as indicated for each use. Conductors shall be soft or annealed copper wires meeting, 
before stranding, the requirements of ASTM B 3, Standard Specification for Soft or 
Annealed Copper Wire for Electrical Purposes, latest edition. 
1. Conductors for control wiring sized #14 AWG through #10 AWG shall be 

stranded. 
2. Conductors for power and lighting shall be stranded. Stranding shall be Class B 

meeting the requirements of ASTM B 8, Standard Specification for Concentric-
Lay-Stranded Copper Conductors, Hard, Medium Hard, or Soft. 

 
C. Insulation for standard building conductors: Insulation shall meet or exceed the 

requirements of UL 83, Standard for Thermoplastic Insulated Wires. 
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1. All wiring inside lighting fixtures shall be temperature rated per NEC. 
2. Insulation for copper conductors shall be UL Type THHN/THWN, 90 degrees C. 

 
D. Insulation for 2-hour fire rated power cables: Insulation shall meet or exceed the 

requirements of UL 2196 Fire Test for Electrical Circuit Protection Systems, and UL 44, 
Standards for Fire Resistive Cable. Conductor ampacity shall be based on 75C. 
Combination UL Type insulation types are permissible where the required UL Type is part 
of the combination UL listing. 
1. Conductors installed underground: Insulation for underground fire rated 

conductors shall be wet location, UL Type RHW 75 degrees C, or UL RHW-2 90 
degrees C.  

2. Conductors installed above ground: Insulation for above ground fire rated 
conductors shall be UL Type RHH 90C or RHW 75C or UL RHW-2 90C. 

3. Electrical Circuit Protective Systems (FHIT) – System 27 of the UL Fire 
Resistance Directory 

 
E. Cable Lubricant: Fire resistant, nonflammable, water-based type for standard building 

conductors. Provide cable lubricants for fire rated cables as recommended by the cable 
manufacturer. 

 
2.2 COLOR CODES FOR CONDUCTORS FOR BRANCH CIRCUITS AND FEEDERS 
 

A. Color coding for conductors as required by NEC 210.5. Color coding for phase and 
voltage shall be as required by local codes and local standards. Where such standards 
do not exist, color coding shall be as follows: 

 

Color 
Code 
Table 

 
USE CONTINUOUS COLOR CODED INSULATION THROUGHOUT 

System/ 
Phase 

A B C N G IG 

120/208 
3 Ph 

Black 
 

Red Blue White Green Green/Yellow 
Stripe 

120/240 
3 Ph 

Black Orange Blue White  Green Green/Yellow 
Stripe 

120/240 
1 Ph 

Black N/A Blue 

277/480 Brown Purple Yellow Gray 
 

Green Green/Yellow 
Stripe 

Notes to Color Code Table: 
1. 120/208, 120/240, and 277/480 Volt Systems shall be routed in separate 

raceways. 
2. Switched legs of phase conductors for lighting and appliance branch circuits shall 

be of the same color as described above throughout the entire circuit. 
3. Conductors shall be the same color from breaker to device or outlet. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. General: Install electrical conductors and connectors as shown, in accordance with the 
manufacturer's written instructions, the requirements of NEC, the NECA Standard of 
Installation, and industry practices. 

 
B. Coordination: Coordinate conductor installation work with electrical raceway and 
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equipment installation work, as necessary for interface. 
 

C. Conductors: 
1. Provide a grounded (neutral) conductor for each branch circuit. Do not share 

grounded (neutral) conductors. 
2. No more than six phase conductors shall be installed in a single raceway. Any 

combination of phase conductors and grounded (neutral) conductors in any 
raceway shall not exceed nine. 

3. When any combination of four or more phase and grounded (neutral) conductors 
are installed in a raceway, the minimum size for all conductors including 
equipment ground conductor shall be #10 AWG, and they shall be de-rated 
accordingly. 

4. When more than four (4) conductors are size #10 AWG, they shall be installed in 
a one-inch conduit. 

5. Pull conductors together when more than one is being installed in a raceway. 
Whenever possible, pull conductors into their respective conduits by hand. Use 
pulling lubricant when necessary. 

6. Before any conductor is pulled into any conduit, thoroughly swab the conduit to 
remove foreign material and to permit the wire to be pulled into a clean, dry 
conduit. 

7. Run feeders their entire length in continuous section without joints or splices. 
8. No wire smaller than #12 AWG shall be permitted for any lighting or power 

circuit. No wire smaller than #14 AWG shall be used for any control circuit, 
unless shown otherwise. 

9. Provide the same size wire form the panelboard to last outlet on circuit. For 20 
amp branch circuits operating at 150V or less, provide #10 AWG wire when the 
first outlet is over 75-feet from the panelboard. For branch circuits operating at 
150 to 600 volts, provide #10 AWG wire when the first outlet is over 150-feet 
from the panelboard. 

10. Branch circuit voltage drop shall not exceed 3% of rated voltage. 
11. No tap or splice shall be made in any conductor except in outlet boxes, pull 

boxes, junction boxes, splice boxes, or other accessible locations. Make taps and 
splices using an approved compression connector. Insulate taps and splices 
equal to the adjoining conductor. Make splices or taps only on conductors that 
are a component part of a single circuit, protected by approved methods. Taps or 
splices in feed through branch circuits for connection to light switches or 
receptacles shall be made by pigtail connection to the device. 

12. Support conductors in vertical raceways, as required by the NEC. 
13. Do not permit conductors entering or leaving a junction or pull box to deflect to 

create pressure on the conductor insulation. 
14. Make joints in branch circuits only where circuits divide. These shall consist of 

one through circuit to which the branch from the circuit shall be spliced. 
15. Make connections in conductors up to a maximum of one #6 AWG wire with two 

#8 AWG wires using twist-on pressure connectors of required size. 
16. Make connections in conductors or combinations of conductors larger than 

specified using cable fittings of type and size required for specific duty. 
17. After a splice is made, insulate entire assembly with UL-approved insulating tape 

to a value equivalent to the adjacent insulation. 
18. Make splices and connections in control circuit conductors using UL-approved 

solderless crimp connectors. 
19. All conduits shall be installed with an insulated grounding conductor per NEC 

250.122. Where green conductor insulation is not available, the ground 
conductor shall be identified with green phasing tape at all accessible locations. 

20. Neatly train and lace wiring inside boxes, equipment and panelboards. Provide 
tie-straps around conductors with their shared neutral conductor where there are 
more than two neutral conductors in a conduit. 
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21. Clean conductor surfaces before installing lugs and connectors. 
22. Make splices, taps and terminations to carry full ampacity of conductors with no 

perceptible temperature rise. 
23. Provide stranded conductors connected with pressure type connectors / 

compression fittings and terminal lugs UL listed for the type of conductor used 
(AL-CU) and correctly sized to the diameter of the bare conductors.  

24. Run mains and feeders their entire length in continuous pieces without splices or 
joints. 

25. Color code conductors. 
26. Do not install a pull string in conduits containing conductors. 
27. Conductors shall be the same color from load side of overcurrent protection 

device to outlet or utilization equipment. 
28. Spare conductors shall not be installed in any conduit, gutter, raceway, panel or 

enclosure unless noted otherwise. 
 

D. Identification: Label each phase conductor in each junction box with corresponding circuit 
number, using self-adhesive wire markers. 

 
E. Splices and Joints: 

1. In accordance with UL 486A, C, D, E, and NEC. 
2. Aboveground Circuits (No. 10 AWG and smaller): 

a. Connectors: Solderless, screw-on, reusable pressure cable type, rated 
600 V, 220˚ F, with integral insulation, approved for copper and 
aluminum conductors. 

b. The integral insulator shall have a skirt to completely cover the stripped 
wires. 

c. The number, size, and combination of conductors, as listed on the 
manufacturers’ packaging, shall be strictly followed. 

 
F. Aboveground Circuits (No. 8 AWG and larger): 

1. Connectors shall be indent, hex screw, or bolt clamp type of high conductivity 
and corrosion resistant material, listed for use with copper and aluminum 
conductors. 

2. Provide field-installed compression connectors for cable sizes 250 kcmil and 
larger with not less than two clamping elements or compression indents per wire. 

3. Insulate splices and joints with materials approved for the particular use, location, 
voltage, and temperature. Splice and joint insulation level shall be not less than 
the insulation level of the conductors being joined. 

4. Plastic electrical insulating tape: Per ASTM D2304, flame-retardant, cold and 
weather resistant. 

 
G. Underground Branch Circuits and Feeders: 

1. Submersible connectors in accordance with UL 486D, rated 600 V, 190˚F, with 
integral insulation. 

 
3.2 TESTING 
 

A. Pre-Energization Check: Before energizing, check cable and conductors for circuit 
continuity and short circuits. Correct malfunctions. 

 
B. Service Entrance and Feeder Insulation Resistance Test: Each main service entrance 

conductor and each feeder conductor shall have its insulation resistance tested after the 
installation is complete except for connection at its source and point of termination. 
Testing shall be performed by qualified technicians who have been trained in testing 
procedures and in the use of all test equipment. 
1. Make tests using a Biddle Megger or equivalent test instrument at a voltage of 
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not less than 1000 VDC; measure resistance from conductor to conductor, 
conductor to neutral (if present) and from conductor to ground. Insulation 
resistance shall not be less than the following: 

Wire Size 
(AWG) 

Insulation 
Resistance (Ohms) 

#8 250 K 

#6 through #2 100 K 

#1 through #4/0 50 K 

Larger than #4/0 25 K 

2. Conductors that do not meet or exceed the insulation resistance values listed 
above shall be removed, replaced, and retested. 

 
C. Submittals: Contractor shall furnish instruments and personnel required for tests. Submit 

4 copies of certified test results to Architect for review. Test reports shall include 
conductor tested, date and time of test, relative humidity, temperature, and weather 
conditions. 

 
D. Voltage and Current Values: The voltage and current in each conductor shall be 

measured and recorded after connections have been made and the conductor is under 
load. 
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SAMPLE DC HIGH VOLTAGE CABLE TEST REPORT 
(Specification Paragraph 3.2, C) 

 
Date____________________ 
 
Contract and Work Location:   
Contract (Project) No.:   
Circuit Identification:   
(Dwg., Title, Number and Ckt. Number) 
 
Test Equipment:   
(Make, Model, Serial No., Etc.) 
Applied Test Voltage    
Normal Oper. Voltage    
Cable Installation:  New    Used     
(Date)  (No. Years) 
Cable Size __________AWG 
Cable Length __________Ft. 
Cable Material __________Cu _________AI 
Temperature    Humidity    
 
 TEST DATA - RESISTANCE IN KILO OHMS 
 

 
CONDUCTOR 
PER  
PHASE 
 

 
A-N 

 
B-N 

 
C-N 

 
A-G 

 
B-G 

 
C-G 

 
A-B 

 
B-C 

 
A-C 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
END OF SECTION 
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SECTION 26 05 27 
 

EXPANSION OF EXISTING ELECTRICAL GROUNDING SYSTEM 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Grounding shall conform to the requirements of: 
1. National Electrical Code 
2. Governing local codes 
3. Local Utility Company 

 
B. Ground effectively and permanently. 

1. Verify existing neutral conductor bonding at the main service disconnect and at 
other new/relocated or reused separately derived systems. 

2. All new/relocated conduit or cable tray systems and busway 
3. All new/relocated electrical equipment and related current carrying supports or 

structures 
4. All new / relocated metal piping systems 
5. All new building structural metal frames 

 
1.2 REFERENCE STANDARDS  
 

A. ANSI/IEEE Standard 142 - "Recommended Practice for Grounding of Industrial and 
Commercial Power Systems." 

 
B. ANSI/UL 467 - "Safety Standard for Grounding and Bonding Equipment." 

 
C. Article 250 of the NEC (NFPA 70) for grounding. 
 
D. NECA – Standard of Installation 
 
E. NETA ATS – Acceptance Testing Specifications for Electrical Power Distribution 

Equipment and Systems 
 
F. EIA / TIA 607 

 
 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Copperweld 
 
B. nVent ERICO 
 
C. Burndy 
 
D. O.Z. Gedney 
 
E. Eaton 
 

2.2 GROUNDING ELECTRODES 
 

A. Driven Rod Electrode 
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1. 3/4" x 10'-0" copper clad grounding electrode, UL listed 
2. UL listed grounding electrode connector 
3. Approved thermal fusion methods (exothermic) 

 
B. Metal Frame of Building 
 
C. Existing grounding electrode system 

 
2.3 DRIVEN ELECTRODE ACCESS BOX AND COVER 
 

A. Hubbell Tier 22 FRP 20-inch round bolt down cover with “GROUND” embossed on top. 
 
2.4 MATERIALS AND COMPONENTS 
 

A. Reference other sections of this specifications for materials specified there. 
 
B. Heavy-duty, copper, two bolt type, copper alloy or bronze compression lugs for grounding 

and bonding applications, in configurations required for particular installation. 
 
PART 3 - EXECUTION 
 
3.1 SYSTEMS 600 VOLTS OR LESS  
 

A. In the existing service equipment, field verify existing condition of ground bus. 
1. Field verify existing bond of the ground bus to the existing service grounding 

conductor, to the neutral bar. 
2. Tighten existing ground lugs and connections. 

 
B. Connect the grounding electrode conductor between the ground bus and the grounding 

electrode system. 
1. In rigid PVC conduit. 
2. Provide thermo fusion connection for each rod ground electrode. 

a. All rod electrodes shall be located outside the building in non-paved 
areas where available. Access cover top shall be flush with finish grade 
or floor. 

b. Install rod electrodes as indicated. Install additional rod electrodes as 
required to achieve specified resistance to ground. 

c. The minimum distance between driven ground rod electrodes shall be 
10'. 

3. The total ground resistance shall not exceed 10 Ohms for service entrance 
grounds and for equipment grounds. 
a. Where this condition cannot be obtained with one electrode, install a 

longer electrode, deep-driven sectional electrodes, or additional 
grounding electrodes until the required ground resistance is obtained. 

b. Refer to drawings for project specific ground resistance requirements. 
 

C. Field verify the grounding electrode conductor between the ground bus and the 
grounding electrode systems are in compliance with the NEC. 

 
D. Provide an insulated grounding conductor inside all new conduits, raceways, surface 

raceways and cables used for power distribution. The ground wire shall be bonded to 
each box. All bonding jumpers shall be routed inside conduit or raceway. 

 
E. Provide an insulated, isolated equipment grounding conductor in addition to the insulated 

equipment grounding conductor for all isolated grounding feeders, branch circuits, outlets 
and receptacles. 
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F. Provide all new/relocated conduits terminating in switchgear, transformers, switchboards, 

and panelboards with grounding bushings, where required and ground wire extended to 
ground bus in equipment.  

 
G. Where modifications to the main service disconnect are required, main bus and building 

grounding electrode conductor installation shall be witnessed by the Architect / Engineer. 
 
H. Interface with lightning protection system when lightning protection system is specified. 
 
I. Locate and install anchors, fasteners, and supports in accordance with NECA “Standard 

of Installation”. 
 
J. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit. 
 
K. Do not use spring steel clips and clamps. 
 
L. Do not use powder-actuated anchors. 
 
M. Do not drill or cut structural members. 
 
N. Do not use compression or mechanical connectors underground. 
 

3.2 MISCELLANEOUS REQUIREMENTS 
 

A. Continuity of the building equipment grounding system shall be maintained throughout 
the project. Grounding jumpers shall be inside conduit, fittings and boxes and shall be 
installed across conduit expansion fittings, liquid-tight flexible metal and flexible metal 
conduit, light fixture pigtails in excess of 6', and other non-electrically continuous raceway 
fittings. 

 
B. Grounding conductors and grounding electrode conductor shall be stranded copper 

conductors and run in a suitable PVC raceway. Grounding conductors and grounding 
electrode conductor shall be continuous, without joints or splices over their entire length, 
except as allowed by NFPA 70/NEC. 

 
C. For separately derived alternating current system grounds, bond the case and neutral of 

each transformer secondary winding directly to the nearest available effectively grounded 
structural metal member as required in NEC 250. 

 
D. Technology/Data/Voice Communications, CATV, CCTV, and MATV Equipment 

Grounding: Provide grounding electrode conductor from the communications service 
equipment to the building grounding system as required. Provide #6 ground conductor 
from telephone/voice/CATV/data company demarcation point to building electrical service 
entrance ground electrode connection and as required by all local utility companies. 
1. New MDF Closets Telecommunications Main Ground Bar (TMGB): Provide Erico 

Cadweld #B544A028 ground bar with 7/16-inch holes, wall mounted to the 
telecommunications plywood backboard. Provide one #3 AWG insulated ground 
conductor from ground bar to building steel. Provide #2/0 AWG insulated ground 
conductor to the building electrical service ground at the main electrical service 
disconnect. 

2. New IDF Closets Telecommunications Ground Bar (TGB): Provide Erico 
Cadweld #B542A004 ground bar with 7/16-inch holes, mounted to the 
telecommunications plywood backboard. Provide one #6 AWG insulated ground 
conductor from ground bar to building steel. 

3. Provide #2/0 AWG insulated ground conductor between each TMGB and all 
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TGBs. 
4. Provide #2/0 AWG insulated ground conductor from TMGB to electrical service 

ground bus at main electrical service switch. 
5. Bond each equipment rack with #6 AWG insulated ground conductor to the 

TMGB / TGB. 
6. Route TMGB – TGB ground conductor using the shortest route practical with 

long radius curves. 
 
E. Ground new and removed/replaced lighting fixture bodies to the conduit grounding 

system. 
 

F. Receptacles: Provide a ground wire bonded to the conduit ground system, except where 
and insulated isolated grounding receptacle is specified. 

 
G. Motor Frames: Ground the frame of each motor with a properly sized separate ground 

wire around flexible conduit. 
 
H. Provide grounding access well for each driven ground electrode, not located in manholes 

or pull boxes. 
1. Access well top shall be flush with finish paved surfaces. 
2. Ground access wells located in non-paved areas shall be set two-inches above 

surrounding finished grade. Provide 12-inch wide by 8-inch deep reinforced 
concrete crown around neck or opening and sloped down away from pull box 
opening. 

3. Provide thermal fusion (exothermic) connectors approved for direct burial. 
 

I. Ground all light poles and all exterior metal structures supporting conduit, switchgear, or 
light fixtures. 

 
J. Exterior Electrical Equipment Racks: 

1. Provide driven ground electrode for racks mounted remote from building 
structure. 

2. Where mounted on roof, ground to be building structural steel. 
 
K. Ground connections to building steel, grounding electrodes and all underground 

connections shall be by thermal fusion (exothermic). 
 
L. Transformers: Provide driven ground electrode and building steel electrode at each 

transformer. 
 

M. Bond hot water and cold water piping together at each domestic water heater. 
 
3.3 COORDINATION 
 

A. General: Coordinate installation of grounding connections for equipment with equipment 
installation work. 

 
3.4 TESTING 
 

A. Ground Resistance Test: Perform a ground resistance test for comparison to future 
inspection and testing data by the Owner. Test shall be performed using a Biddle Megger 
Earth Tester or equivalent test instrument. The test shall not be performed within 48 
hours after the last rainfall. 
1. Inspect and test in accordance with NETA ATS except Section 4 
2. Grounding and Bonding: Perform inspections and tests listed in NETA ATS, 

Section 7.13 
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B. The Root Mean Square (RMS) AC measurements: The True RMS AC Measure test 

should be performed for all bonding conductors. The recommended maximum AC current 
value on any bonding conductor should be less than 1 ampere (A). The recommended 
maximum DC current value should be less than 500 milliamperes (mA). If abnormally 
high AC current levels are present on any bonding conductor, a dangerous faulty wiring 
condition likely exists within the room. 

 
C. Two-Point Bonding Measurements: The two-Point Bonding test shall be performed for all 

bonding conductors. This test should be performed using an earth grounding resistance 
tester configured for a continuity test. The test is performed by connecting the meter 
leads between the nearest available grounding electrode (e.g., structural steel) and the 
TMGB or TGB. The recommended maximum value for the bonding resistance between 
these two points is 0.1 ohms (100 milliohms). 

 
D. Submittals: Furnish instruments and personnel required for tests. Personnel shall be 

trained in all aspects of testing grounding systems and shall be formally trained on using 
all test equipment required. Submit 2 copies of certified test results for Owner's record 
and submit 4 copies of certified test results to Architect / Engineer for review. Test reports 
shall include date and time of tests, relative humidity, temperature, and weather 
conditions. 

 
END OF SECTION 
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SECTION 26 05 33 
 

CONDUIT SYSTEMS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Furnish and install a complete system of electrical conduits and fittings. 
 
1.2 REFERENCE STANDARDS 
 

A. National Electrical Code 
 

B. Local codes and ordinances 
 

C. UL 
 
D. ETL 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS – Provide products manufactured in the USA 
 

A. Raceways: 
1. Allied, International Metal Hose, Ipex, Heritage Plastics, Wheatland, Can-Tex, 

Carlon, Certain-Teed, Anamet, Inc., Electri-Flex Co., Western Tube and Conduit, 
Sentinel Conduit. 

2. PVC Coated RGC: Robroy Perma Cote, Robroy Plasti-Bond, or Calbond – no 
exceptions 

3. Stainless Steel: Robroy, Calbrite, Gibson 
4. Aluminum: Penn Aluminum, American Conduit, Wheatland, Eaton B-Line, Patriot 

Aluminum Products 
5. Reinforced Thermosetting Resin Conduit (RTRC): FRE Composites, Champion 

Fiberglass, United Fiberglass 
 

B. Fittings: 
1. Appleton, Crouse Hinds, Topaz, Steel City, O.Z. Gedney, Carlon, Heritage 

Plastics, Raco, Ipex, International Metal Hose, Lew Electric Fittings Co. 
2. PVC Coated ferrous fittings: Robroy Perma Cote, Robroy Plasti-Bond, or 

Calbond – no exceptions 
3. Stainless Steel: Robroy, Calbrite, Gibson, Crouse Hinds 
4. Aluminum: Penn Aluminum, American Conduit, Wheatland, Eaton B-Line, Patriot 

Aluminum Products 
5. Reinforced Thermosetting Resin Conduit (RTRC): FRE Composites, Champion 

Fiberglass 
 
C. Condulets and Conduit Bodies: 

1. Appleton, Form 85 
2. PVC Coated: Robroy Perma-cote or Plasti-Bond, – no exceptions 
3. Stainless Steel: Robroy, Calbrite, Gibson, Crouse Hinds 
4. Reinforced Thermosetting Resin Conduit (RTRC): FRE Composites, Champion 

Fiberglass 
 
D. Steel MC Cable for light fixture whips: 

1. AFC 
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2. Southwire 
3. General Cable 
4. Kaf-Tech 

 
2.2 GENERAL 
 

A. The minimum conduit size shall be ¾-inch unless indicated otherwise in Divisions 26, 27 
or 28. 
1. Branch Circuits: Minimum conduit size shall be ¾-inch. 
2. Feeder Circuits: Minimum conduit size shall be ¾-inches. 
3. Technology, telecommunications, and low voltage systems: The minimum 

conduit size shall be ¾-inches unless noted or indicated otherwise. 
4. The minimum conduit size between buildings for technology, voice, data, fire 

alarm, video, security, surveillance, BMCS, and other telecommunications shall 
be 2-inch unless indicated otherwise. 

 
B. The minimum conduit size for flexible metallic conduit for tap connections to individual 

light fixtures shall be ½ inch, or steel metal clad (MC) cable with insulated ground 
conductor maximum 6 feet. 

 
C. Electrical nonmetallic tubing, flexible polyethylene or PVC tubing shall not be used on this 

project. 
 
D. BX and AC cable shall not be used on this project.  
 
E. PVC elbows shall not be used on this project. 

 
F. Intermediate metal conduit (IMC) shall not be used on this project. 

 
2.3 RIGID METAL CONDUIT 
 

A. UL labeled, Schedule 40: 
1. Mild steel pipe, zinc coated inside and out 
2. Aluminum Alloy 6063, T-1 temper 
3. Threaded ends 
4. Insulated bushings 

 
B. Fittings shall meet the same requirements as rigid metal conduits. 

1. UL labeled 
2. Threaded fittings 

 
2.4 ELECTRICAL METALLIC TUBING (EMT) 
 

A. UL labeled, standard weight: 
1. Cold rolled steel tubing, zinc coated inside and out 
2. Aluminum Alloy 6005, 6063. Temper T-1 

 
B. Fittings shall meet the same requirements as EMT conduits. 

1. UL labeled 
2. Insulated throat connectors 
3. Steel fittings with setscrews with lock nuts on threaded ends, no snap locks 
4. Cast metal fittings are not approved 
5. Uni-couple type connectors are not approved 
6. Split ring, anti-short bushings are not approved 

 
2.5 RTRC CONDUIT FITTINGS AND CONDUIT BODIES 
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A. UL listed 
 
B. Standard wall thickness sizes ¼-inch through 4-inch 
 
C. Underground medium wall thickness sizes 5 and 6-inch 
 
D. Conduit interface joints above grade, gasket joint below grade 
 
E. Extra heavy wall for above ground and/or UL Class 1 Division 2 and Class 1 Zone 2 

applications. 
 
2.6 PVC COATED RIGID STEEL WITH URETHANE INTERIOR COATING 
 

A. The PVC coated galvanized rigid conduit and fittings must be ETL Listed and Verified. 
The PVC coating must have been investigated and verified by ETL as providing the 
primary corrosion protection for the rigid metal conduit. Ferrous fittings for general service 
locations must be ETL Listed with PVC as the primary corrosion protection. Hazardous 
location fittings, prior to plastic coating must be UL listed for the hazard conditions to 
which they are to be used. All conduit and fittings must be new, unused material. 
Applicable UL standards may include UL 6 Standard for Safety, Rigid Metal Conduit, and 
UL514B Standard for Safety, Fittings for Conduit and Outlet Boxes.  

 
B. The PVC coated galvanized rigid conduit and fittings must be ETL Verified to the Intertek 

ETL SEMKO High Temperature H2O PVC Coating Adhesion Test Procedure for 200 
hours. The PVC coated galvanized rigid conduit must bear the ETL Verified PVC-001 
label to signify compliance to the adhesion performance standard.  

 
C. The conduit shall be hot dip galvanized inside and out with hot galvanized threads. 

  
D. A PVC sleeve extending one pipe diameter or two inches, whichever is less, shall be 

formed at every female fitting opening except unions. The inside sleeve diameter shall be 
matched to the outside diameter of the conduit.  

 
E. The PVC coating on the outside of conduit couplings shall have a series of longitudinal 

ribs 40 mils in thickness to protect the coating from tool damage during installation. 
 

F. Form 8 Condulets, ½-inch through 2-inch diameters, shall have a tongue-in-groove 
gasket to effectively seal against the elements. The design shall be equipped with a 
positive placement feature to ease and assure proper installation. Certified results 
confirming seal performance at 15 psig (positive) and 25 inches of mercury (vacuum) for 
72 hours shall be available.  

 
G. Form 8 Condulets shall be supplied with plastic encapsulated stainless-steel cover 

screws. 
  

H. A urethane coating shall be uniformly and consistently applied to the interior of all conduit 
and fittings. This internal coating shall be a nominal 2 mil thickness. Conduit or fittings 
having areas with thin or no coating shall be unacceptable.  

 
I. The PVC exterior and urethane interior coatings applied to the conduit shall afford 

sufficient flexibility to permit field bending without cracking or flaking at temperatures 
above 30°F (-1°C). 

 
J. All male threads on conduit, elbows and nipples shall be protected by application of a 

urethane coating. 
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K. All female threads on fittings or conduit couplings shall be protected by application of a 

urethane coating. 
 

L. Independent certified test results shall be available to confirm coating adhesion under the 
following conditions  
1. Conduit and condulet exposure to 150°F (65°C) and 95% relative humidity with a 

minimum mean time to failure of 30 days. (ASTM D1151) 
2. The interior coating bond shall be confirmed using the Standard Method of 

Adhesion by Tape Test (ASTM D3359). 
3. No trace of the internal coating shall be visible on a white cloth following six 

wipes over the coating which has been wetted with acetone (ASTM D1308). 
4. The exterior coating bond shall be confirmed using the methods described in 

Section 3.8, NEMA RN1. After these tests the physical properties of the exterior 
coating shall exceed the minimum requirements specified in Table 3.1, NEMA 
RN1. 

 
M. Right angle beam clamps and U bolts shall be specially formed and sized to snugly fit the 

outside diameter of the coated conduit. All U bolts shall be provided with plastic 
encapsulated nuts that cover the exposed portions of the threads. 

 
N. All fittings, clamps, straps, struts, and hardware used with PVC coated conduit shall be 

PVC coated or 316 stainless steel 
 
2.7 STEEL FLEXIBLE CONDUIT 
 

A. Steel flexible metallic conduit: 
1. Zinc coated inside and out 
2. 18-inches minimum length, 24-inches maximum length 

 
B. Steel flexible metallic conduit for tap connections to light fixtures where steel MC Cable 

fixture whips are not used: 
1. 18 inches minimum length; 6 feet maximum length 

 
C. Liquid tight flexible steel conduit 

1. Type L.A. - Grounded - UL Approved 
2. 18-inches minimum length, 24-inches maximum length 

 
2.8 PVC CONDUIT 
 

A. UL labeled Schedule 40 and Schedule 80  
 

B. PVC fittings and solvent welded joints 
 
C. Acceptable PVC condulet manufacturer: Ipex, Cantex  

 
2.9 CONDULETS AND CONDUIT BODIES 
 

A. UL Labeled 
 
B.  Form 85 
 
C. PVC Coated: Form 8 
 
D. LBC Condulets shall be used for size 2 inch and above. 
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E. LL and LR Condulets shall not be used for 2 inch and above 
 

 
2.10 EXTERIOR IN-GRADE PULL BOXES 

 
A. Enclosures, boxes and covers are required to conform to all test provisions of the most 

current American Association of State Highway and Transportation Officials (AASHTO) 
standards for H-20 loading applications.  
1. AASHTO H-20 certified precast concrete, cast iron or other AASHTO recognized 

materials, rated for deliberate traffic. 
2. Conduit entry knock-outs as required 
3. Bolt down galvanized steel/cast iron covers 
4. Thin wall knocks outs as required  
4. Integral bottom 
5. Box height as required for specified conduit depth and required top elevation. 
6. Concrete design strength of minimum 5,500 PSI at 28-days 
7. Place enclosures on a minimum of 6 inches of coarse gravel with a border of 6-

inches beyond the enclosures exterior dimension. 
8. Size and volume as required for application. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Install electrical conduits and fittings for all wiring of any type unless specifically specified 
or instructed to do otherwise. Install conduits and fittings in accordance with local codes 
and applicable sections of the NECA “Standard of Installation”, concealed where 
possible. 
1. Fasten conduit supports to building structure and surfaces; do not support to roof 

deck. 
2. Arrange supports to prevent misalignment during wiring installation. 
3. Do not support conduit with wire or perforated pipe straps. Remove wire used for 

temporary supports. 
4. Do not attach conduit to ceiling support wires. 
5. Arrange conduit to maintain head room and present neat appearance. 
6. Maintain 4-inch clearance between conduit and rooftop surfaces. 
7. Cut conduit square using saw or pipe cutter; de-burr cut ends. 
8. Bring conduit to shoulder of fittings; fasten securely. 
9. Conduit penetrations to all individual motor controllers, VFDs, and motor control 

cabinets shall only be made at the bottom of the enclosure. For other equipment, 
provide listed water sealing conduit hubs to fasten conduit to sides or tops of 
electrical equipment enclosures, device box, gutter, wireway, disconnect, etc. 

10. Use suitable caps to protect installed conduit against entrance of dirt and 
moisture. 

11. Ground and bond conduit as required. 
12. Identify conduit as required. 
13. Route all conduits above building slab perpendicular or parallel to building lines. 
14. Do not use no-thread couplings and connectors for galvanized steel, PVC coated 

galvanized steel, or aluminum rigid conduit. 
 

B. Group related conduits; support using conduit rack. Construct rack using steel channel; 
provide space on each for 25 percent additional conduits. 

 
C. In areas where raceway systems are exposed and acoustical or thermal insulating 

material is to be installed on walls, partitions, and ceilings, raceways shall be blocked out 
proper distance to allow insulating material to pass without cutting or fitting. Also provide 
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Kindorf galvanized steel channels to serve as standoffs for panels, cabinets and gutters. 
 
D. Securely fasten conduits, supports and boxes, to ceiling (not roof deck), walls, with Rawl 

Plugs or approved equal anchors. Use lead cinch anchors or pressed anchors. Use only 
cadmium plated or galvanized bolts, screws. Plastic anchors and lead anchors shall not 
be used for overhead applications.  

 
E. Provide separate raceway systems for each of the following when specified, indicated or 

required: 
1. 120/208 volt circuits 
2. 277/480 volt circuits 
3. Emergency 

a. Life safety branch 
b. Critical branch 
c. Equipment branch 

4. Voice/Data 
5. Sound reinforcement 
6. Theatrical and Architectural Dimming Controls 
7. MATV/CATV 
8. Security CCTV 
9. Security System 
10. Communications / PA Systems / Sound System Line Input and Speakers 
11. Fire Alarm 
12. Lighting Control Systems 
13. Building Management Control Systems 

 
F. Unless shown otherwise, do not install conduit in or below concrete building slabs. 
 
G. Unless shown otherwise, do not install conduit horizontally in concrete slabs. 

 
H. Roof penetrations shall be made in adequate time to allow the roofing installer to make 

proper flashing. Conduit for equipment mounted on roof curbs shall be routed through the 
roof curb. Conduit, gutters, pull boxes, junction boxes, etc. shall not be routed on roof 
unless specified otherwise. Where specifically indicated to be routed or mounted on the 
roof, supports shall be as specified, as recommended by roofing manufacturer and roof 
support manufacturer and as required by NEC. Place supports every five feet along 
conduit run and within 3 feet of all bends, condulets, and junction boxes. Provide roofing 
pad under stands at directed by Architect and as recommended by roofing manufacturer 
and roof support manufacturer. Provide additional unistrut supports and accessories as 
required. 

 
I. PVC coated conduit shall have all nicks and cuts to the protective coating repaired using 

manufacturer’s approved touch-up material as recommended by manufacturer. Provide a 
minimum of two-wraps of 3M-50 type tape over touch-up. 

 
J. Installation of the PVC Coated Conduit System shall be performed in accordance with the 

Manufacturer’s Installation Manual. To assure correct installation, the installer shall be 
certified by Manufacturer to install coated conduit. Submit copies of training certification 
with submittal. Contractor shall coordinate installation with manufacturer’s representative 
for field training and observation of installed PVC coated rigid galvanized conduit and 
fittings. Manufacturer’s representative shall certify the installation is in accordance with 
manufacturer’s installation instructions. Submit copies of installation certification prior to 
cover-up of underground installation. 

 
K. All conduit terminations at locations including but not limited to, switchgear, pull boxes, 

outlet boxes, stub-up, and stub-outs: 
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1. Provide insulated throat connectors for EMT conduits. 
2. Provide insulated bushing on all rigid conduit terminations. 
3. Provide locknuts inside and outside of all boxes and enclosures. 
4. Provide threaded type plastic bushing at all boxes and enclosures 

 
L. In suspended ceilings, support conduit runs from the structure, not the ceiling system 

construction. 
1. Do not support from structural bridging. 
2. Do not support from metal roof deck. 

 
M. Completely install each conduit run prior to pulling conductors. All boxes are to be 

accessible after completion of construction. 
 

N. All conduits must be kept dry and free of water or debris with approved pipe plugs or 
caps. Cap or plug conduit ends prior to concrete pours. 

 
O. Ream ends of conduits after cutting and application of cutting die to remove rough edges. 

 
P. Install all above concrete slab conduits perpendicular or parallel to building lines in the 

most direct, neat and workmanlike manner. 
1. Cable Tension: 

a. 0.008 lb./cmil for up to 3 conductors, not to exceed 10,000 pounds. 
b. 0.0064 lb./cmil for more than 3 conductors, not to exceed 10,000 pounds 
c. 1000 lbs. per basket grip. 

2. Sidewall pressure: 500 lbs./ft. 
3. Conduit runs within the following limits of bends and conduit length between pull 

points shall not exceed the above installation pulling tension and sidewall 
pressure limits. 
a. Three (3) equivalent 90-degree bends: not more than fifty feet (50’) 

between pull points. 
b. Two (2) equivalent 90-degree bends: not more than one hundred feet 

(100’) between pull points. 
c. One (1) equivalent 90-degree bend: not more than one hundred fifty feet 

(150’) between pull points. 
d. Straight pull: not more than two hundred feet (200’) between pull points. 

4. Indicate sizes of conduits, wireway sections, and cable tray sections on the as-
built drawings. 

5. Hold horizontal and vertical conduits as close as possible to walls, ceilings and 
other elements of the building construction. Conduits shall be kept a minimum of 
6 inches clear of roof deck / insulation, and 2 inches clear of above floor deck / 
insulation. 

6. Install conduits to conserve building space and not obstruct equipment service 
space or interfere with use of space. Conduit shall not be routed on floors, paved 
areas or grade. 

7. Where a piece of equipment is wired from a switch or box on adjacent wall, the 
wiring shall go up the wall from the box, across at or near the ceiling, and back 
down to the equipment. Wiring shall not block the walkway between wall and 
equipment. 

8. Horizontal runs of conduit on exposed walls shall be kept to a minimum. 
9. Conduit for mechanical / plumbing equipment installed outdoors shall be routed 

with the associated mechanical / plumbing pipe support rack system where 
practical, coordinate with Divisions 22 and 23. 

10. Conduits installed in public areas, not concealed by architectural ceilings, shall 
be supported by galvanized steel channel racks to bottom of roof deck or floor 
deck. Conduits shall be grouped for neat workman-like appearance.  
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Q. Install expansion and deflection fittings and bonding jumpers on straight runs which 
exceed 200-feet, on center, and at 200-feet maximum, on center, on straight runs which 
exceed 400-feet, and where conduits cross building expansion joints. 

 
R. Provide grounding bushings at concentric/eccentric knockouts or where reducing 

washers are used. 
 

S. Run conduit to avoid proximity to heat producing equipment, piping surfaces with 
temperatures exceeding 104 degrees F., and flues, keeping a minimum of 13-inches 
clear. 

 
T. Install conduit as a complete system, without conductors, continuous from outlet to outlet 

and from fitting to fitting. Make up threaded joints of conduit carefully in a manner to 
ensure a tight joint. Fasten the entire conduit system into position. A run of conduit 
between outlet and outlet, between fitting and fitting, or between outlet and fitting shall 
not contain more than the equivalent of four quarter bends, including those bends located 
immediately at the outlet or fitting. 

 
U. Conceal conduit systems in finished areas. Conduit may be exposed in mechanical and 

electrical rooms, and where otherwise shown or indicated only. Run the conduit parallel 
and perpendicular to the structural features of the building and support with malleable 
iron conduit clamps at intervals as required by NEC or on conduit racks, neatly racked 
and bent in a smooth radius at corners. 

 
V. Conduit bends shall be factory elbows or shall be bent using equipment specifically 

designed to bend conduit of the type used to maintain the conduit’s UL listing. Conduit 
hanger spacing shall be 10 feet or less and as required by the NEC for all conduit. Beam 
clamp attachments to steel joist chords is prohibited. Beam clamps may only be used at 
beams, no exceptions. Connections to joists shall be made with galvanized channel 
extended between joist chords or with galvanized channel bearing on the vertical legs of 
joist chord angles. 

 
W. Support conduit on galvanized channel, using compatible galvanized fittings (bolts, beam 

clamps, and similar items), and galvanized threaded rod pendants at each end of channel 
and secure raceway to channel and channel to structure. Where rod pendants are not 
used, channel supports are to be secured to structure at each end. Conduit supports are 
to be secured to structure using washers, lock washers, nuts and bolts or rod pendants; 
use of toggle bolt “wings” are not acceptable. Support single conduit runs using a 
properly sized galvanized conduit hanger with galvanized closure bolt and nut and 
threaded rod. Raceway support system materials shall be galvanized and manufactured 
by Kindorf, Unistrut, Superstrut, Caddy, or Spring Steel Fasteners, Inc. Provide chrome 
or nickel-plated escutcheon plates on conduit passing through walls and ceilings in 
finished areas. Do not support conduit from other conduit, structural bridging or fire rated 
ceiling system. Do not support more than one conduit from a single all-thread rod 
support.  Provide electrical insulating sleeve or wrapping for aluminum conduit supported 
by zinc coated supports or fasteners. Channel supports shall have cut ends filed smooth. 
When installed outside of the building, or in areas subject to moisture, the cut ends shall 
be painted with ZRC galvanized paint or equivalent. 

 
X. Terminate all motor connection conduits in mechanical room spaces with a floor pedestal 

and with “Tee” conduit at motor outlet height for flexible conduit. 
 

Y. Where conduit is not embedded in concrete or masonry, conduit shall be firmly secured 
by approved clamps, half-straps or hangers. Tie wire and short pieces of conduit used as 
supports and or hangers are not approved. 
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Z. Where “LB” condulets are used, 2-inches and larger shall be type “LBD”. 
 
AA. No more than 12 conduits containing branch circuits may be installed in junction boxes, 

pull boxes or gutters. 
 
BB. Flexible metal conduit and liquid tight flexible metal conduit shall only be used for final 

connections from junction box to equipment, light fixtures, power poles, etc. They are not 
to be used in lieu of conduit runs. They shall not be used for wall or roof penetrations 
unless they are installed in a PVC coated RGC conduit sleeve at least one size larger 
than the OD of the flexible conduit. 

 
CC. Where 3-1/2-inch conduit is specified and the required or specified material is Schedule 

80 PVC, provide 4-inch conduit. 
 

DD. “Daisy Chaining” light fixtures installed for lay-in ceiling areas is not allowed. Each light 
fixture shall have its own fixture whip from junction box. The only exception being light 
fixtures installed end to end using chase nipples between them, or light fixtures recessed 
in non-accessible ceilings. 

 
EE. In above ceiling applications, do not install raceways, junction boxes, gutters, 

disconnects, etc. within 36 inches directly in front of HVAC control boxes or other 
equipment requiring access from a point starting from the top of control box / equipment 
down to ceiling. 

 
FF. Do not install conduit, junction boxes, etc. within 18 inches of outside edges of roof 

access openings. 
 
GG. Install minimum size 2-inch nipple, at least one, between multi-sectional panels for 

branch circuit independent of feeder conductors. 
 
3.2 CONDUITS 
 

A. Conduit above grade indoors: 
1. Concealed Conduits: EMT with set screw fittings 
2. Exposed conduits: 

a. Below nine feet AFF where not directly attached and against building 
walls, ceiling, or structure: Rigid metal conduit or x-wall RTRC. 

b. Where subject to physical damage: Rigid metal conduit or x-wall RTRC. 
c. Wet locations: PVC coated galvanized rigid steel or aluminum conduit 
d. Damp Locations: Aluminum rigid conduit or x-wall RTRC. 
e. Exposed conduits in mechanical rooms or electrical rooms shall be rigid 

galvanized steel or x-wall RTRC when installed below 18-inches above 
finished floor. 

 
B. Conduit installed above grade outdoors: 

1. Galvanized rigid steel or x-wall RTRC for conduits up utility poles and where 
subject to physical damage or where located less than four feet above finished 
floor. 

2. Aluminum or x-wall RTRC where not subject to physical damage and where 
located four feet above finished floor. 

 
C. Conduit where indicated underground: 

1. PVC Coated Galvanized rigid steel or RTRC conduit elbows and Schedule 80 
PVC, RTRC, or PVC coated galvanized steel straight run conduits. PVC conduits 
for underground branch circuits shall be Schedule 80 or Schedule 40 PVC. 
a. PVC conduit and fittings shall be used only for straight horizontal runs 
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and for vertical risers at site lighting pole bases. Bending straight 
sections of PVC conduit to less than 25-foot radius or the use of PVC 
factory bends is not allowed. 

b. Change in direction of conduit runs, either vertical or horizontal, shall be 
with RTRC or PVC coated galvanized steel elbows or long sweep bends 
of straight PVC conduit sections. Long sweep bends of straight PVC 20-
foot sections shall have a minimum radius of curvature of 25 feet and a 
maximum arc of 22.5degrees. Multiple long sweep bends of straight PVC 
sections shall be separated by a minimum of 20-feet of straight, linear, 
PVC sections. 

c.  Provide RTRC or PVC coated rigid galvanized steel conduit elbows and 
fittings with urethane interior coating at all changes in direction with 
radius of less than 25-feet and at all vertical runs to 18 inches above 
finished floor elevation. For interior slab penetrations, provide continuous 
RTRC or PVC coated rigid galvanized steel conduit and fittings with 
urethane interior coating from change in direction to 18 inches above 
finished floor elevation, except where stubbed-up under and inside 
equipment or switchgear where conduit shall be terminated at minimum 
two inches above concrete housekeeping pad. 

d. Elbows for underground electrical service entrance, feeders, transformer 
primary / secondary, telecommunication, and low voltage conduits shall 
be RTRC or PVC coated rigid galvanized steel with long radius as 
follows: 
1) Up to 1-inch conduit, minimum 12-inch radius. 
2) 1.5-inch conduit, minimum 18-inch radius. 
3) 2-inch conduit, minimum 24-inch radius. 
4) 2.5-inch conduit, minimum 30-inch radius. 
5) 3-inch conduit, minimum 36-inch radius. 
6) 3.5 to 6-inch conduit, minimum 48-inch radius. 

e. Conduit for all floor boxes shall be routed below building slab from floor 
box to nearest column, wall, or as indicated.  

f. Conduits shall not be routed horizontally in building slab, grade beams or 
pavement. 

2. Encase all underground conduits in concrete. 
a. Concrete shall be tinted red throughout with a ratio of 10 pounds of dye 

per yard of concrete unless prohibited by utility for utility conduits. 
Concrete encasement for utility installed conductors shall be as specified 
by the utility and comply with their standards and specifications. Where 
utility does not require but allows concrete encasement of conduits, 
provide concrete encasement as specified herein. 

b. Provide minimum 3-inch concrete encasement around conduits. 
c. Provide conduit spacers for parallel branch/feeder conduits. 
d. When prior written approval from Owner and Architect to omit concrete 

encasement of conduits below building slab is given, conduits either 
specified or approved in writing to be routed under building slab without 
concrete encasement for electrical branch circuits or voice / data / video / 
communications horizontal drops or outlets shall be installed 18 inches 
below finished floor and on select fill. All other conduits, including but not 
limited to electrical feeders, voice / data / video / communications 
vertical, riser, tie, trunk, or service cable conduits shall be installed 48-
inches below finished floor and on select fill. 

e. Use suitable manufactured separators and chairs installed 4 feet on 
centers. Securely anchor conduit at each chair to prevent movement 
during backfill placement. 

3. Install building voice / data / video / communications main service conduits and 
electrical service transformer primary and secondary conduits with top of 
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concrete encasement minimum 48-inches below finished grade or pavement. 
Voice / data / video / communications conduits and electrical service primary 
conduits for utility owned electrical service transformers shall also comply with 
the respective utility company requirements and standards. All other 
underground conduits outside of building other than voice / data / video / 
communications main service conduits and electrical service transformer primary 
and secondary conduits shall have top of concrete encasement at 36 inches 
minimum below finished grade or pavement. 

4. Provide two “caution” plastic tapes at 6-inches and 18-inches below finished slab, 
grade, or pavement; identify as specified in Section 26 05 00. 

5. Conduits located outside building, provide magnetic locator tape at top of first 
compacted layer of backfill or concrete. 

6. During construction, partially completed underground conduits shall be protected 
from the entrance of debris such as mud, sand, and dirt by means of conduit 
plugs. As each section of the underground conduit is completed, a testing 
mandrel with diameter ¼-inch smaller than the conduit, shall be drawn through 
each conduit. A brush with stiff bristles shall be drawn through until conduit is 
clear of particles of earth, sand, or gravel. Conduit plugs shall then be installed. 

7. Utility underground conduit for Utility Company cable shall be installed per Utility 
Company standards, and their specifications for this project. 

8. Concrete shall be Portland Cement conforming to ASTM-C-150, Type 1, Type III 
or Type V if specified. Cement content shall be sufficient to product minimum 
strength of 2,500 PSI. 

9. Contractor shall stake out routing and location of underground conduits using 
actual field measurements. He shall obtain approval of the Owner and Architect 
before beginning trenching, horizontal drilling, and excavation. 

10. Verify location and routing of all new and existing underground utilities with the 
Owner and Architect on the job site. Stake out these existing utilities so that they 
will not be damaged. Stake out new utilities to provide coordination with other 
trades and with new and existing utilities, easements, property lines, restricted 
land use areas, and right-of-ways. Verify existing public utilities with Call811. 

 
D. Conduit shown in concrete walls, floor or roof slab: 

1. PVC Coated Galvanized Rigid steel. 
 

E. Conduits that penetrate concrete slab, or within 100 feet of cooling towers, or at 
designated corrosive locations. 

 1. RTRC 
2. PVC coated galvanized rigid steel 

 
F. Connections to equipment mounted on roof, rotating equipment, transformers, and 

kitchen or food processing equipment, or where flexible conduit is required outdoors. 
1. Liquid tight flexible metal conduit (1/2 inch may be used for roof top supply / 

exhaust fans only) 
2. Liquid tight flexible metal conduit for 24-inch maximum length 
3. Conduit for roof-mounted equipment shall be routed inside the roof curb 

assembly roof opening. Provide permanent lock-off device at panelboard circuit 
breakers serving roof equipment and accessories to enable tag-out procedures 
for all power routed through roof curb and to the roof mounted equipment and 
accessories. 

 
G. Light fixture whips: 

1. Accessible ceilings and open structure: ½-inch flexible steel conduit or steel MC 
cable, length not to exceed 6-feet. 

2. Non-accessible ceilings: ½-inch flexible steel conduit. Length as required to 
make a tap at an accessible j-box. Recessed light fixtures in non-accessible 
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ceilings may be daisy chained using the light fixture’s integral, UL listed j-box or 
internal wire way that is accessible through fixture from below the ceiling. 

3. Dedicated insulated ground wire. 
4. Light fixture whips shall not rest on ceiling grid or tile. 
5. Light fixture whips shall not be supported from the ceiling suspension system. 

Support from the structure with #13 AWG galvanized iron wire pendants and 
Caddy clips. Do not support conduit from structural bridging. Flexible conduit and 
steel MC cable shall be kept a minimum of 2 inches clear of roof deck. 

 
H. Conduits at Natatorium or therapeutic pool areas: 

1. Underground conduit shall be as specified in this section. 
2. Exterior conduits and boxes within 100 feet of exhaust openings shall be x-wall 

RTRC or PVC coated galvanized rigid steel or stainless steel. 
3. Exposed conduits in chemical storage rooms, pool mechanical equipment (pump 

rooms, and pool equipment storage rooms shall be Schedule 80 PVC. Boxes 
shall be PVC, or 304 Stainless Steel. 

4. Exposed conduits and boxes in indoor pool areas and all other indoor public 
areas shall be Type 304 Stainless Steel. 

 

I. Conduits located inside greenhouses and natatorium pump and water treatment rooms: 
1. X-wall RTRC 
2. Schedule 80 PVC 
3. PVC coated galvanized rigid steel conduit and fittings. 

 
J. Conduits in classified hazardous (Classified) locations: 

1. Conduit fittings and seals UL listed for the classification 
 

K. Conduits embedded in parking structure traffic wearing surface and concrete support   
structures: 
1.  Schedule 40 PVC, RTRC, PVC coated rigid galvanized conduit. 
2.  Schedule 40 ENT may only be used for flat runs embedded in traffic wearing 

surface concrete topping. 
2.  Solvent welded fittings only for PVC conduit and ENT. 
3. Verify with Structural Engineer prior to construction for any additional limitations 

for raceway installation restrictions installed in parking structure including but not 
limited to maximum outside diameter of raceways permitted to be used in the 
wearing surface, and field cutting or drilling through parking structure structural 
members or support structures. 

4.  All raceways shall be securely fastened to prevent floating during concrete 
installation. ENT raceways shall be completely embedded in concrete material to 
maintain fire and smoke integratory as required by the NEC. 

5. When using ENT or PVC conduits, provide transition to x-wall RTRC or PVC 
coated rigid galvanized conduit elbows and vertical risers to ensure that only flat 
horizontal runs of PVC conduit or ENT are used along the top of the parking 
structure structural support deck and that they are completely concealed and 
embedded by the wearing surface concrete material topping. 

 
3.3 CONDUIT PENETRATIONS, SLEEVES AND ESCUTCHEONS 
 

A. Furnish sleeves for placing in construction for all conduit passing through concrete or 
masonry walls, partitions, beams, all floors other than grade level, and roofs. A conduit 
sleeve shall be one size larger than the size of conduit, which it serves except where 
larger sizes are required for manufactured water, fire, or smoke stop fittings. 
1. Sleeves set in concrete floor construction shall be minimum Schedule 40 

galvanized steel. 
2. Sleeves shall extend 3-inches above the finished floor. 
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B. Sleeves in concrete or masonry walls shall be RTRC or Schedule 40 galvanized steel. 

Sleeves shall be set flush with finished wall.  
 

C. Install manufactured UL listed water, fire, and smoke stop fittings, or caulk around conduit 
or cables in sleeves with sufficient UL listed fire safe insulation or foam to maintain wall or 
floor slab fire or smoke rating. Refer to Architecture drawings for locations of rated walls. 

 
D. Provide Linkseal Mechanical Seals around conduit penetrations through walls below 

grade. Provide a pull box to install a water stop inside wall penetration. Internally seal low 
voltage cabling conduit penetrations with waterproof caulking. 

 
E. Sleeves penetrating walls below grade shall be Schedule 40 black steel pipe with ¼-inch 

thick steel plate secured to the pipe with continuous fillet weld. The plate shall be located 
in the middle of the wall and shall be 2-inches wider all around than the sleeve that it 
encircles. The sleeve should extend a minimum of 24-inches on either side of the 
penetration. The entire assembly shall be hot-dipped galvanized after fabrication. Do not 
sleeve or penetrate grade beams. 

 
F. Conduit passing through the housing on connected equipment shall pass through a 

cleanly cut hole protected with a threaded steel bushing. Route conduit through roof 
openings, for piping and ductwork or through suitable roof jack, with pitch pocket. 
Coordinate location with roofing installation as required. 

 
G. Conduit passing through fire rated wall shall be sealed with Fire Stop. Route conduit to 

preserve fire resistance rating of partitions and other elements, using materials and 
methods under the provisions of Division 7. 

 
3.4 POWER DISTRIBUTION UNDERGROUND FEEDER CONDUIT AND UNDERGROUND 

SERVICE ENTRANCE CONDUIT 
 

A. Power underground feeder and service entrance shall be of individual conduit encased in 
concrete. Unless shown otherwise, the type of conduit used shall not be mixed in any one 
underground conduit and shall be the size indicated on the drawings. The concrete 
encasement surrounding the underground conduit shall be rectangular in cross-section, 
having a minimum concrete thickness of 3-inches, except that conduit for 120V and 
above shall be separated from control and signal conduits by a minimum concrete 
thickness of 3-inches. Encasement concrete shall be tinted in red. 

 
B. During construction, partially completed underground conduits shall be protected from the 

entrance of debris such as mud, sand, and dirt by means of conduit plugs. As each 
section of the underground conduit is completed, a testing mandrel shall be drawn 
through until each conduit is clear of particles of earth, sand, or gravel. Conduit plugs 
shall then be installed. 

 
C. Furnish the exact dimensions and location of power underground conduit to be encased 

in time to prevent delay in the concrete work. 
 

D. Conduit for service entrance underground conduits shall be as indicated on the drawings. 
 

E. Primary power underground conduit shall be installed in accordance with utility company 
standards and the utility company specifications for this project. 

 
3.5 TELECOMMUNICATIONS, LOW VOLTAGE AND EMPTY CONDUIT SYSTEM RACEWAYS 
 

A. Conduit shall be installed in accordance with the specified requirements for conduit and 
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with the additional requirements that no length of run shall exceed 100-feet for 1 inch or 
smaller trade sizes and shall not contain more than two 90-degree bends or the 
equivalent. Pull or junction boxes shall be installed to comply with these requirements. 
Provide plastic bushings at all conduit terminations. Provide a grounding bushing on each 
data and voice conduit. 

 
B. Conduits shall be installed from outlet box to above an accessible ceiling. All cables 

routed through open spaces (no-ceiling below roof deck or above floor deck) shall be 
routed in conduit. Telecommunications systems, CATV, CCTV, fire alarm and BMCS 
cables can be installed above accessible ceilings without conduit. Cables installed above 
accessible ceiling shall be plenum rated. Conduit rough in of these cables shall include a 
90-degree turn-out to an accessible location with insulated bushings on the end of the 
conduit. 
1. Provide conduit from each telecommunications outlet box to accessible ceiling 

plenum. 
2. Provide conduit from each security / surveillance device outlet box to accessible 

ceiling plenum. 
3. Provide two conduits for each multi-media outlet box and each outlet box 

indicated to contain more than four data, audio, or video drops to accessible 
ceiling plenum. 

4. Provide the following minimum conduits for telecommunications and multi-media 
wall, floor, and ceiling mounted outlet boxes. Use the largest diameter conduit 
indicated below unless instructed otherwise in writing from the Architect: 
a. Non-masonry outlet box: Two 1-inch conduits. 
b. Masonry outlet box: Two 1-inch conduits, or three 3/4-inch conduits. 
c. Where indicated differently on plans or where conflicts arise, notify the 

Architect / Engineer prior to installation. 
 

C. All conduit in which cable is to be installed by others shall have pull string installed. The 
nylon pull string shall have not less than 200 lb. tensile strength. Not less than 12-inches 
of slack shall be left at each end. Provide blank cover plate before substantial completion 
if box is for a future installation after substantial completion of the project. Conduit shall 
extend to a minimum six inches above nearest accessible ceiling and be turned 
horizontally with plastic bushing at terminations. 

 
D. Conduits for Building Entrance Facilities: 

1. Underground Outside Plant: Install a pull box every 300-feet or after 180 degree 
turns. 

2. Inside Plant: Install a pull box every 150-feet or after 180 degree turns. All turns 
shall be large sweeps, not sharp 90s, with the radius of the sweep at least 10X 
the diameter of the conduit. Hence, a 4-inch conduit requires a 40-inch minimum 
radial sweep. If field conditions absolutely mandate a sharp 90-degree bend to 
be installed, then a pull box shall be installed at that location regardless of 
distance. 

3. Building entrance facilities shall not terminate in an IDF or any other space 
except the MDF. 

4. Coordinate the termination location of the building entrance facilities in the MDF 
with the room layout and equipment configuration. 

5. Provide 4-inch conduit unless indicated otherwise. Provide (3) fabric innerducts 
in each 4-inch conduit. 

 
3.6 EXTERIOR IN-GRADE PULL BOXES 
 

A. Provide pull boxes where specified and as required. 
 
B. Pull boxes located in pavement shall be set with proper extensions so that top of cover is 
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flush with pavement. 
 
C. Pull boxes located in non-paved areas shall be set two-inches above surrounding 

finished grade. Provide 12-inch wide by 8-inch deep reinforced concrete crown around 
neck or opening and sloped down away from pull box opening. 

 
3.7 ALUMINUM ALLOY CONDUCTORS 
 

A. Where aluminum alloy conductors are specified, approved and substituted for copper 
conductors, provide the required conduit size based on conduit fill using NEC or 
recognized cable manufacturer’s conduit fill tables for aluminum alloy compact 
conductors. 

 
3.8 IDENTIFICATION 
 

A. Conduit Systems: Provide adequate marking of conduit larger than one inch exposed or 
concealed in interior accessible spaces to distinguish each run as either a power 
(120/208V or 277/480V) or signal / telecommunication conduit (Fire Alarm, BAS, BMCS, 
Security, CCTV, Access Control, Intrusion Detection, Telecom, etc.). Except as otherwise 
indicated, use orange banding with black lettering. Provide self-adhesive or snap-on type 
plastic markers. Locate markers at ends of conduit runs, near switches and other control 
devices, near items of equipment served by the conductors, at points where conduit 
passes through walls or floors or enters non-accessible construction, and at spacing of 
not more than 50-feet along each run of exposed conduit. Switch-leg conduit and short 
branches for power connections need not be marked, except where conduit is larger than 
1-inch. 

 
END OF SECTION 
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SECTION 26 05 35 
 

ELECTRICAL CONNECTIONS FOR EQUIPMENT 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Electrical connections as required and scheduled, and as specified.  
 
1.2 RELATED WORK 
 

A. Refer to other Divisions for specific individual equipment electrical requirements. 
 
1.3 QUALITY ASSURANCE 
 

A. UL Label: Products shall be UL listed to the extent possible. 
 
PART 2 - PRODUCTS 
 
2.1 MATERIALS AND COMPONENTS 
 

A. General: For each electrical connection indicated, provide a complete assembly 
including, but not limited to, pressure connectors, terminals (lugs), electrical insulating 
tape, heat-shrinkable insulating tubing, cable ties, solderless wire nuts, and other items 
and accessories needed to complete splices and terminations. 

 
B. Raceways: Refer to related sections. 

 
C. Conductors and Connectors: Refer to related section. Conductors at equipment 

terminations shall be copper. 
 

D. Terminals: Provide electrical terminals as indicated by the terminal manufacturer for the 
application. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION OF ELECTRICAL CONNECTIONS 
 

A. General: Install electrical connections as shown, in accordance with applicable portions 
of the NECA Standard of Installation, and industry practices. 

 
B. Conductors: Connect electrical power supply conductors to equipment conductors in 

accordance with equipment manufacturer's written instructions and wiring diagrams. 
Where possible, match conductors of the electrical connection for interface between the 
electrical supply and the installed equipment. 

 
C. Splice Insulation: Cover splices with electrical insulation equivalent to, or of a higher 

rating than, insulation on the conductors being spliced. 
 

D. Appearance: Prepare conductors by cutting and stripping covering, jacket, and insulation 
to ensure a uniform and neat appearance where cables and wires are terminated. 

 
E. Routing: Trim cables and wires to be as short as practical. Arrange routing to facilitate 

inspection, testing, and maintenance. 
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F. Motor Connections: Where possible, terminate conduit in conduit boxes at motors. Where 
motors are not provided with conduit boxes, terminate the conduit in a suitable condulet, 
and make motor connections. Conduit passing through the housing on connected 
equipment shall pass through a cleanly cut hole protected with an approved grommet. 
For all AHU or fan motors and all other motors 10 HP and larger, at the motor connection 
do not use wire nuts. Provide copper alloy split bolt connectors or compression lugs and 
bolts. Insulate connection with Scotch Super 88 vinyl electrical tape over rubber tape, or 
Tyco Gelcap Motor Connection Kit. 

 
G. Conduit connections to equipment including, but not limited to, Variable Frequency 

Drives, Manual and Automatic Transfer Switches, Surge Suppression Devices, motor 
controllers, electrical disconnects, food service / processing equipment, electronics, 
control panels and Owner furnished equipment: 
1. Make conduit penetrations only at the bottom flat surface of the equipment and 

only where permitted by the equipment manufacturer to avoid un-intentional 
water entry. Coordinate installation of electrical connections for equipment with 
equipment installation work. Where equipment manufacture does not permit a 
bottom conduit entry, verify with Owner/Engineer and locate the conduit entry at 
the side surface as close as possible to the bottom of the enclosure. 

2. Where conduit originates from an elevation above the conduit entry, provide a “T” 
condulet below the enclosure’s bottom elevation. Provide conduit from the 
condulet up to the enclosure bottom horizontal surface for electrical connection. 

 
H. Identification: Refer to Electrical General Provisions for identification of electrical power 

supply conductor terminations with markers approved as to type, color, letter and marker 
size by the Architect. Fasten markers at each termination point, as close as possible to 
each connecting point. 

 
I. Equipment and Furnishings: Refer to other Divisions. Coordinate power and control 

provisions shown for equipment and furnishings with the provisions required for the 
furnished equipment and furnishings. Where the power and control requirements are less 
than or equal to those specified, modifications to power and control provisions shall be 
made at no cost as a part of coordination. Where power and control requirements are in 
excess of those shown, notify the Architect in writing of the requirements. 

 
 

END OF SECTION 
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SECTION 26 05 37 
 

ELECTRICAL BOXES AND FITTINGS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Provide electrical box and fitting work as required, scheduled, indicated, and specified. 
 
1.2 QUALITY ASSURANCE 
 

A. UL Label: Electrical boxes and fittings shall be UL listed. 
 
PART 2 - PRODUCTS 
 
2.1 FABRICATED MATERIALS  
 

A. Interior Outlet Boxes: Provide galvanized steel interior outlet wiring boxes, of the type, 
shape, and size, including depth of box, to suit respective locations and installation. 
Construct with stamped knockouts in back and sides. Provide gang boxes where devices 
are shown grouped. Single box design; sectional boxes are not acceptable, except for 
wall mounted electronic displays. 
1. Type of Various Locations: 

a. Wall mounted interactive media boards, video displays, televisions, 
electronic signage and similar installations; recessed wall mounted box 
for power and/or multi-media (low voltage) outlets: Arlington Industries 
#TVBS 613, 4-gang steel box with white trim plate. 

b. Technology, data, voice, video and multi-media outlet boxes at locations 
other than wall mounted interactive media boards, video displays, 
televisions, electronic signage and similar installations: minimum 4-inch 
square (2-gang), 3-inch deep interior outlet boxes. Raco #260H large 
capacity box with ½ through 2-inch knockouts. 

c. Security, access control, and video surveillance outlet boxes: single 
gang, 3-inch deep outlet boxes mounted long axis vertically. 

d. All other applications: minimum 4-inch square (2-gang) 2-1/8-inch deep 
boxes. 

e. Masonry Walls: Galvanized switch boxes made especially for masonry 
installations; depths of boxes must be coordinated for each installation. 

f. Surface: Type FS or FD box with surface cover. 
g. Corrosive locations or natatorium areas: 316 stainless steel construction 

suitable for the installation. 
h. Hazardous (Classified) Locations: Explosion proof boxes, seals and 

fittings. 
i. Special: Where above types are not suitable, boxes as required, taking 

into account space available, appearance, and Code requirements 
2. Interior Outlet Box Accessories: Outlet box accessories required as for 

installation, including covers or wall device plates, mounting brackets, wallboard 
hangers, extension rings, plaster rings for boxes in plaster construction, fixture 
studs, cable clamps and metal straps for supporting outlet boxes. Accessories 
shall be compatible with outlet boxes used and meet requirements of individual 
wiring. 

 
B. Damp Location Outlet and Damp or Wet Location Switch Boxes: Deep type, hot dipped 

galvanized cast-metal weatherproof outlet wiring boxes, of type, shape, and size 
required. Include depth of box, threaded conduit ends, and stainless steel cover plate 
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with spring-hinged waterproof caps suitable for application. Include faceplate gasket and 
corrosion-resistant, tamper / vandal proof fasteners. 

 
C. Wet Location Outlet Boxes: Hot dipped galvanized cast-iron weatherproof outlet wiring 

boxes, of type, shape, and size required. Include depth of box, threaded conduit ends. 
 

D. Junction and Pull Boxes: Galvanized sheet steel junction and pull boxes, with screw-on 
covers, of type, shape, and size, to suit respective location and installation. 
1. Type for Various Locations: 

a. Minimum Size: 4-inch square, 2-1/8-inches deep. 
b. 150 Cubic Inches in Volume or Larger: Code gauge steel with sides 

formed and welded, screw covers unless shown or required to have 
hinged doors. All boxes mounted above ceiling shall have screw covers. 
Boxes in all other areas with covers larger than 12-inches shall have 
hinged with screw covers. Knockouts factory stamped or formed in field 
with a cutting tool to provide a clean symmetrically cut hole. 

c. Exterior or Wet Areas: 304 stainless steel NEMA 4X construction with 
gaskets and corrosion-resistant fasteners 

 
E. Conduit Bodies: Provide galvanized cast-metal conduit bodies, of type, shape, and size, 

to suit location and installation. Construct with threaded conduit ends, removable cover, 
and corrosion-resistant screws. 

 
F. Bushings, Knockout Closures, and Locknuts: Provide corrosion-resistant punched-steel 

box knockout closures, conduit locknuts, and insulated conduit bushings of type and size 
to suit use and installation. 

 
G. Outlet boxes in fire rated walls: Provide 2-hour rated gasket within box and below cover, 

equal to Rectorseal Metacaulk box guard and cover guard. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION OF BOXES AND FITTINGS 
 

A. Install electrical boxes and fittings as shown and as required, in compliance with NEC 
requirements, in accordance with the manufacturer's written instructions, in accordance 
with industry practices. 

 
B. Provide recessed device boxes for wall mounted interactive media boards, video 

displays, televisions, electronic signage and similar installations. 
 
C. Provide minimum 4-inch square (2-gang), 3-inch deep interior outlet boxes for 

technology, data, voice, video, and multi-media outlet boxes at locations other than wall 
mounted interactive boards, video or visual displays. Provide single gang only, 3-inch 
deep outlet boxes mounted long axis vertically for security, access control, and video 
surveillance, coordinate with security equipment installation. Provide minimum 4-inch 
square (2-gang) 2-1/8-inch deep boxes for all other applications. Where indicated 
differently on plans or where conflicts arise, notify the Architect / Engineer prior to 
installation. Box extenders or plaster rings shall not be used to increase size. Provide 
increased box size as required. 

 
D. Junction and pull boxes, condulets, gutters, located above grid ceilings shall be mounted 

within 18-inches of ceiling grid. Junction and pull boxes above grid ceilings shall be 
mounted in the same room served. Junction boxes and pull boxes required for areas with 
inaccessible ceilings shall be located above the nearest accessible ceiling area.  All 
junction box or pull box openings shall be side or bottom accessible. Removal of light 
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fixtures, mechanical equipment or other devices shall not be required to access boxes. 
Outlet boxes above ceiling for low voltage terminations shall face towards the floor. 

 
E. Use outlet and switch boxes for junctions on concealed conduit systems except in utility 

areas where exposed junction or pull boxes can be used. 
 

F. Determine from the drawings and by measurement the location of each outlet. Locate 
electrical boxes to accommodate millwork, fixtures, marker boards, and other room 
equipment at no additional cost to the Owner. The outlet locations shall be modified from 
those shown to accommodate changes in door swing or to clear interferences that arise 
from construction as well as modifying them to center in rooms. The modifications shall 
be made with no cost as part of coordination. Check the conditions throughout the job 
and notify the Architect of discrepancies. Verify modifications before proceeding with 
installation. Set wall boxes in advance of wall construction, blocked in place and secured. 
Set all wall boxes flush with the finish and install extension rings as required extending 
boxes to the finished surfaces of special furring or wall finishes. Provide wall box support 
legs attached to stud to prevent movement of box in wall. 

 
G. Unless noted or directed otherwise at installation, place outlet boxes as indicated on 

architectural elevations and as required by local codes. 
 

H. Outlets above counters, mount long axis horizontally. Refer to architectural elevations 
and coordinate to clear backsplash and millwork. 

 
I. Provide pull boxes, junction boxes, wiring troughs, and cabinets where necessary for 

installation of electrical systems. Surface mounted boxes below 9 feet and accessible to 
the public shall not have stamped knockouts. 

 
J. Provide weatherproof boxes for interior and exterior locations exposed to weather or 

moisture. 
 

K. Provide knockout closures to cap unused knockout holes in boxes. 
 

L. Locate boxes and conduit bodies to ensure access to electrical wiring. Provide minimum 
12-inch clearance in front of box or conduit body access. 

 
M. Secure boxes to the substrate where they are mounted, or embed boxes in concrete or 

masonry. 
 

N. Boxes for any conduit system shall not be secured to the ceiling system, HVAC ductwork 
or piping system. 

 
O. Provide junction and pull boxes for feeders and branch circuits where shown and where 

required by NEC, regardless of whether or not boxes are shown. 
 

P. Coordinate locations of boxes in fire rated partitions and slabs to not affect the fire rating 
of the partition or slab. Notify the Architect in writing where modification or construction is 
required to maintain the partition or slab fire rating. 

 
Q. Exterior boxes installed within 50-feet of cooling towers or water treatment areas shall be 

of 304 stainless steel, weatherproof NEMA 4X construction. 
 

R. Identification: Paint the exterior and cover plates of building interior junction boxes and 
pull boxes located above accessible ceilings or non-finished areas to correspond to the 
following colors: 
1. Orange: - 480/277 VAC systems 
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2. Light Blue: - 240 VAC three phase delta systems. 
3. Red – All Emergency circuits, regardless of voltage, and fire alarm system. 
4. Light Green - 120/208 VAC 3 phase and 120/240 VAC single-phase systems 
5. Yellow – Building Management and Control System - BMCS 
6. White - Security and Surveillance equipment circuits 

 
S. All box covers shall be labeled with Panel ID and circuit numbers of all circuits available 

in box using permanent black marker. Boxes containing main feeders are to list where 
fed from and load (example “MSB to Panel HA”). Information listed is to be legible, 
markovers are not acceptable. Multi-sectional panel numbers are not to be listed on 
covers (example “LA2” referring to Panel LA sec. 2 is to be listed as “LA”). Label covers 
for special applications explaining contents (example “Emerg. Gen. Annunciator 
controls”, “IDF ground”). Do not attach box covers that have both sides painted or labeled 
differently. In public areas where boxes are painted same color as room per architect, 
label inside covers. Boxes that are not used shall be labeled as not used and include 
panel ID. Example “Not Used Panel LA”. Unused raceways not in sight of panel shall be 
terminated in a box and labeled not used and include panel identification. 

 
T. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices. 
 
U. Use flush mounting outlet box in finished areas unless specifically indicated as being 

used with exposed conduit. 
 
V. Locate flush-mounting box in masonry wall to require cutting of masonry unit corner only. 

Coordinate masonry cutting to achieve neat opening. 
 
W. Do not install flush mounting box back-to-back in walls; provide minimum 6 inches with 

stud separation. Provide minimum 24 inches with separation in acoustic rated walls. 
 
X. Secure flush mounting box to interior wall and partition studs. Accurately position to allow 

for surface finish thickness. Provide UL listed materials to support boxes in walls to 
prevent movement. Ensure box cannot be pushed inside wall. 

 
Y. Use stamped steel bridges to fasten flush mounting outlet box between studs. 
 
Z. Install flush mounting box without damaging vapor barriers, wall insulation or reducing its 

effectiveness. 
 
AA. Use adjustable steel channel fasteners for hung ceiling outlet box. 
 
BB. Do not fasten boxes to ceiling support wires. 
 
CC. Support systems are to hang vertically straight down. All-thread supports, when used, are 

not to be installed at an angle or bent. 
 
DD. Use gang box where more than one device is mounted together. Do not use sectional 

box. 
 
EE. Use gang box with plaster ring for single device outlets. 
 
FF. Support outlets flush with suspended ceilings to the building structure. 
 
GG. Mount boxes to the building structure with supporting facilities independent of the 

conduits or raceways. 
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HH. Where multiple feeders are in one pull box, conductors shall be wrapped with 3M No. 
7700 Arc and fireproof tape. 

 
II. Provide plaster rings of suitable depth on all outlet boxes.  Face of plaster ring shall be 

within 1/8 inch from finished surface. 
 
JJ. Equip boxes supporting fixtures designed to accept fixture studs with 3/8-inch stud 

(galvanized malleable iron) inserted through back of box and secured by locknut.  Boxes 
not equipped with outlets shall have level metal covers with rust-resisting screws. 

 
KK. Do not mount junction boxes above inaccessible ceilings or in inaccessible spaces. Do 

not mount junction boxes above ceilings accessible only by removing light fixture, 
mechanical equipment or other devices. At inaccessible spaces use junction box 
furnished with light fixture or light fixture wiring compartment UL listed for through wiring. 

 
LL. No more than 12 conduits containing branch circuits may be installed in any junction or 

pull box. 
 
MM. All junction boxes shall be protected from building finish painters’ over spray and from fire 

proofing overspray. Remove protective coverings when painting and fire proofing are 
complete. 

 
NN. Bond equipment grounding conductor to all junction and pull boxes. 
 
OO. Do not mount boxes or conduit bodies on walls directly above electrical panels or 

switchgear located next to walls. 
 
PP. Do not mount boxes or conduit bodies within 18 inches of outside edges of roof access 

openings. 
 
QQ. Box extenders or plaster rings shall not be used to increase the Code mandated cable 

capacity of a box. Provide proper size box. 
 

3.2 ADJUSTING 
 

A. Adjust flush-mounting outlets to make front flush with finished wall material. 
 

B. Install knockout closures in unused box openings. 
 
 

END OF SECTION 
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SECTION 26 05 40 
 

ELECTRICAL GUTTERS AND WIREWAYS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Provide electrical gutter work as shown, as specified and as required. 
 

B. Application: The types of electrical gutters required for the project include the following: 
1. Electrical wiring gutters 
2. Voice / Data / Video / Communication and signal distribution wireway 

 
1.2 QUALITY ASSURANCE 
 

A. UL Label: Gutters and wireways shall be UL labeled. 
 
PART 2 - PRODUCTS 
 
2.1 ELECTRICAL GUTTERS AND WIREWAYS 
 

A. General: Provide hinged electrical gutters and wireways in the types and sizes indicated 
or required, minimum 16 gauge thickness, with rounded edges and smooth surfaces; 
constructed in compliance with applicable standards; with features required.  

 
B.  Size: Provide size indicated. Where size is not indicated, construct in accordance with the 

NEC and other standards. Gutters shall be of manufacturer’s standard lengths, without 
field cutting or field extensions. 

 
C. Accessories: Provide gutter and wireway accessories where indicated, constructed of 

same metal and finish as gutters or wireways. 
 

D. Supports: Provide gutter and wireway supports indicated, conforming to NEC, and as 
recommended by the manufacturer, and as specified in Section 26 05 33 Conduit 
Systems. 

 
E. Materials and Finishes: NEMA 1 gutters and wireways shall have gray powder coat finish 

over galvanized steel. Gutters and wireways installed outside shall be NEMA 3RX 
minimum. Gutters or wireways installed within 100-feet of cooling towers, at kitchen or 
food preparation areas, and natatorium, spa or therapy pool areas shall be of 304 
stainless steel NEMA 4X construction. 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. Provide gutters and wireways only where specified or required. Use of gutters and 
wireways shall be kept to a minimum. 

 
B. Finishing: Remove burrs and sharp edges of gutters and wireways wherever they could 

be injurious to conductor insulation or jacket. 
 

C. Installation: Install gutters and wireways where shown or required, in accordance with the 
manufacturer's written instructions, NEC, NECA "Standard of Installation," and with 
recognized industry practices to ensure that the gutters and wireways comply with the 
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specified requirements. Comply with requirements of NEMA and the NEC pertaining to 
installation of electrical gutters. 

 
D. Grounding: Electrically ground gutters and wireways to ensure continuous electrical 

conductivity. Provide equipment grounding conductor. 
 

E. Conductors: 
1. Complete gutter and wireway installation before starting the installation of 

conductors. 
2. Provide sufficient space to permit access for installing, splicing, and maintaining 

the conductors. 
 

F. A maximum of 12 conduits containing branch circuits shall be allowed to be installed in 
any gutter or wireway. 

 
END OF SECTION 
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SECTION 26 05 50 
 

FIRESTOPS 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Provide firestop as required, and as specified. Refer to Architectural drawings for all fire 
and smoke rated partitions, walls, floors, etc. 

 
B. Types: Firestop required for the project includes smokestop. 

 
1.2 QUALITY ASSURANCE 
 

A. UL Label: Firestops shall be UL labeled. 
 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Nelson 
 

B. 3M (Minnesota Mining Manufacturing) 
 

C. Hilti 
 
D. Specified Technologies, Inc. 
 
E. Metacaulk  

 
2.2 MATERIAL AND COMPONENTS 
 

A. General: Except as otherwise indicated, provide firestop manufacturer's standard 
materials and components as indicated by published product information, designed and 
constructed as recommended by the manufacturer, and as required for installation. 

 
2.3 FIRESTOP 
 

A. Conduits: Provide a soft, permanently flexible sealant for 1-1/2 to 2 hour rated 
fireproofing for steel conduits (up to 4" diameter). 

 
B. Low Voltage Cables, Fiber Optic Cable and Innerduct: Provide Specified Technologies, 

Inc. EZ-Path single, double, or triple pathways as required. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION OF FIRESTOPS 
 

A. General: Install firestops in accordance with the manufacturer's installation instructions 
and industry practices to ensure that the firestops comply with requirements. Comply with 
UL and NFPA standards for the installation of firestops. 

 
END OF SECTION 
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SECTION 26 12 16 
 

THREE PHASE, ENERGY EFFICIENT DRY-TYPE HARMONIC MITIGATING TRANSFORMERS (HMT) 
– 15kVA and Above 

 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Work Included: Low voltage (less than 600 Volt) ultra-efficient harmonic mitigating 
transformer work as shown, scheduled, indicated, and specified. 

 
1.2 QUALITY ASSURANCE 
 

A. Standards: Transformers shall be designed and tested in accordance with NEMA and 
ANSI C33.4 and C89.2 standards. 

 
B. UL Label: Transformers shall be UL labeled. 
 

1.3 REFERENCE STANDARDS 
 

A. UL-506 
 
B. ANSI C75.11 
 
C. NEMA ST-20 
 
D. DOE 10 CFR Part 431, aka DOE 2016 

 
1.4 WARRANTY 
 

A. Minimum 10-year pro-rated parts replacement warranty. 
 
1.4 SUBMITTALS 
 

A. Include warranty information standard, outline and support point dimensions of 
enclosures and accessories, unit weight, voltage, kVA, impedance ratings and 
characteristics, no load core loss, full load winding conductor loss, full load losses, 
efficiency at 0, 25, 35, 50, 75 and 100 percent rated loads based on IEEE Standard 519-
1992 Table 43 for non-linear load profile, percent regulation with 80 percent and 100 
percent power factor loads, sound level at full load, tap configurations, insulation system 
type and rated temperature rise. 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Powersmiths – T1000-OPAL Series 
 
B. Power Quality International – DV-Z4 Series 
 
C. Mirus International – ULL-XX-H1E Series 
 

2.2 MATERIALS AND COMPONENTS 
 

A. Except as otherwise indicated, provide transformer manufacturer's standard materials 
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and components as indicated by published product information, designed and 
constructed as recommended, and as required for a complete installation. 

 
2.3 ENERGY EFFICIENT DRY-TYPE HARMONIC MITIGATING TRANSFORMERS 
 

A. General: Indoor transformers shall be ultra-efficient with an average of 30% less losses 
than comparable DOE 2016 transformer efficiencies. Transformers shall be dry-type, 
NEMA Type 2 (ventilated-drip proof) enclosure, multiple-winding, rated as shown, and 
shall have manufacturer's standard impedance. 

 
B. Construction: Transformer core shall be constructed of cold-rolled, oriented, high 

permeability silicon steel, either formed as a coil or laminated. Windings shall be copper, 
individual winding terminated with tin-plated copper bars, or wire electrically welded to the 
end of the windings, 10 kV BIL. 

 
C. Windings: Transformer secondary windings shall be zigzag (0-degree or 30-degree 

phase shift or as indicated). The secondary windings shall provide for magnetic flux 
cancellation of the zero sequence (triplen) harmonic currents from non-linear loads 
connected to the transformer secondary. Triplen harmonic currents shall not appear on 
the current waveform of the transformer primary winding. 

 
D. K-Rating: K-13 based on IEEE C57.110. 

 
E. Taps: Transformers shall have six 2-1/2% taps, two above and four below nominal. 

 
F. Temperature Rating: Transformers shall use an insulation system that has been 

temperature classified and approved by UL. Transformers shall have a maximum winding 

temperature rise of 115C with an insulation system temperature classification of 220C. 
 

G. Accessories: Transformers shall have ground bus, 200% neutral bus, and full-length 
copper electrostatic winding shield, compression type lug terminations. 

 
H. Load Rating: 

1. Transformers shall be capable of operating at 120% of nameplate rating 

continuously while in an ambient temperature not exceeding 40C. 
2. Transformers shall be capable of meeting the daily overload requirement of ANSI 

C57.12. 
3. Closed delta 120/240-Volt secondary, 3-phase, 4-wire with center tap neutral 

winding transformers: 
a.  KVA rating indicated shall be for balanced 3-phase loading. Center tap 

winding shall allow for a maximum nominal 70-percent of three-phase 
kVA rating for unbalanced single phase neutral connected 120/240-Volt 
loads. The center tap winding shall be individually rated or constructed at 
twice the capacity of each of the other delta connected windings. 
(Example: a 225kVA rated center tap transformer would consist of two 
75-kVA windings and one 150-kVA center tap winding). 

 
I. Sound Rating: The transformer shall have sound levels lower than those ratings 

established in NEMA ST-20 and as shown in the following table. Sound ratings shall be 
measured in accordance with ANSI C89.91. 
 

Transformer Rating (kVA) 
(600 Volt Class) 

Maximum Sound Level 
Decibels  

15 to 45 42 

63 to 150 47 

175 to 300 52 
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400 to 500 57 

600 to 1000 61 

 
J. Efficiency: Manufacturer’s transformers shall exceed DOE 2016 efficiencies for standard 

dry-type transformers on average by a minimum 24% at 35% load of name plate load 
rating.  

 
K. Impedance, minimum: 15-30 kVA 3.0%, 45 kVA and larger 3.5%. 

 
L. Testing: 

1. The manufacturer shall have tested each transformer for proper operation before 
shipment. 

2. The manufacturer shall have performed the following additional tests on units 
identical to the design type being supplied. Furnish proof of performance of these 
tests in the form of test data sheets upon request: 
a. Sound levels. 
b. Temperature rise tests. 
c. Full-load core and winding losses. 
d. Percent regulation with 80 and 100% power factor load. 
e. Percent impedance. 
f. Exciting current. 
g. Insulation resistance. 
h. Non-linear load testing efficiency at 0, 25, 35, 50, 75 and 100% load 

under non-linear load profile based on IEEE C57.110. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION OF TRANSFORMERS 
 

A. General: Install transformers where shown, in accordance with the manufacturer's written 
instructions and industry practices to ensure that the transformers meet the 
specifications. Comply with requirements of NEMA and NEC standards, and applicable 
portions of NECA Standard of Installation, for installation of transformers. Transformers 
shall be floor mounted. Ceiling mounted transformers are not acceptable. 

 
B. Dry-Type Transformer Mounting: Indoor, floor mount transformer on properly sized 

Amber/Booth Type RVD rubber-in-shear vibration isolators. Transformer enclosures shall 
make no contact with wall surfaces. Transformer enclosure shall be minimum 2-inches 
from rear wall and located to maximize working space in front of transformer. 

 
C. Conduit: Conduit directly connected to transformer enclosures shall be flexible liquid tight 

conduit extending for a minimum of 18-inches and a maximum of 24 inches from 
transformer enclosure as measured along the conduit centerline. Include a ground wire, 
size in accordance with NEC, internal in each length of flexible conduit. 

 
D. Grounding: Ground and bond transformers as a separately derived system unless noted 

otherwise, refer to NEC 250. Installation of bonding strap or bonding conductor between 
ground and neutral bus shall be witnessed by the Engineer prior to applying power and 
terminating secondary conductors. Ground transformer neutral to building steel or other 
nearest ground electrode as required by NEC 250 if building steel is not present. 

 
3.2 TESTING 
 

A. Insulation Tests: Before energizing, check transformer windings for continuity. 
 

B. Winding Current: During initial no-load energizing, check current in each primary winding. 



 

THREE-PHASE, ENERGY EFFICIENT DRY-TYPE HARMONIC MITIGATING  
TRANSFORMERS (HMT) 26 12 16-4 
SOBE #2550-02337 Salas O'Brien Registration #F-4111 

 
C. Tap Settings: Measure and record load current and voltage of transformers while loaded 

to verify proper transformer tap settings. Adjust tap settings to achieve or slightly exceed 
nominal secondary voltage at the transformer taps under no load. No load secondary tap 
voltage to ground shall not exceed 125 Volts for 120:208/240 systems and 290 Volts for 
277/480 Volt systems when primary voltage is less than 5% over nominal. 

 
D. Submittals: Furnish instruments and personnel required for tests. Submit four copies of 

certified test results to Engineer for review. Reports include transformer tested, date and 
time of tests, relative humidity, temperature, and weather conditions. 

 
E. Notification: Notify Engineer in writing of any deviation from manufacturer's pre-shipment 

test data. 
 

END OF SECTION 
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SECTION 26 12 17 

 

ULTRA HIGH EFFICIENCY K-RATED TRANSFORMERS  

 

PART 1 - GENERAL 

 

1.1 WORK INCLUDED 

 

A. Copper-wound three-phase transformer exceeding US Department of Energy 2016 

Efficiency Standards, with extremely low no load losses. 

1. Transformers shall be designed to an efficiency standard higher than NEMA 

Premium. 

 

B. Load Mix: Transformer shall be UL 1561 Listed to feed a mix of equipment load profiles 

such as computers without derating or significant degradation of efficiency.  

 

1.2 REFERENCES 

 

A. FEDERAL REGISTER – US Department of Energy, Office of Energy Efficiency and 

Renewable Energy. 10 CFR Part 431. Energy Conservation Program for Commercial and 

Industrial Equipment: Energy Conservation Standards for Distribution Transformers; 2016 

Standards 

 

B. DOE Test Method For Measuring The Energy Consumption Of Distribution Transformers 

Under Appendix A To Subpart K Of 10 CFR Part 431. 

 

C. Metering Standards: 

1. Computational algorithms per IEEE Std 1459-2000 

2. UL 916, UL 61010C-1 CAT III 

 

D. IEEE-1100 – Recommended Practice for Powering and Grounding Sensitive Electronic 

Equipment 

1. IEEE Standard 1100 documents how typical transformers feeding electronic 

equipment produce substantially higher losses under electronic equipment load 

compared to under linear load, requiring derating.  

 

E. LEED – Leadership in Energy and Environmental Design, U.S. Green Building Council. 

 

F. ISO 9000:2000 – International Standards Organization - Quality Management System 

 

G. ISO 14000:2004 – International Standards Organization - Environmental Management 

System 

 

H. NFPA 70 - National Electrical Code (Latest Edition) 

 

I. NEMA ST20-2014 - Dry-Type Transformers for General Applications 

 

J. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equip-

ment  

 

K. US Department of Energy, 10 CFR Part 431, 2015. Energy Conservation Program: Ener-

gy Conservation Standards for Distribution Transformers; Final Rule. 

 

L. IEEE C57.110-2008 – IEEE Recommended Practice for establishing transformer capabil-

ity when feeding non-sinusoidal load currents. 
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M. ISO 17025 – International Standards Organization - General requirements for the compe-

tence of testing and calibration laboratories. 

 

N. UL 1561 - Dry-Type General Purpose and Power Transformers. 

 

1.3 SUBMITTALS 

 

A. Submit product data including the following: 

1. Copy of ISO 14001:2004 Certification of manufacturing operation. 

2. Copy of ISO 9001:2000 Certification of manufacturing operation. 

3. Construction Details including enclosure dimensions, kVA rating, primary & 

secondary nominal voltages, voltage taps, BIL, unit weight 

4. Basic Performance characteristics including insulation class, temperature rise, 

core and coil materials, impedances & audible noise level, unit weight 

5. Inrush Current (typical 3 cycle recovery) 

6. Short Circuit Current data: Primary (Sym. O/P S/C) & Secondary (L-N/G S/C) 

7. Efficiency Data 

a. No load and full load losses per NEMA ST20 

b. Linear load Efficiency data @ 1/6 load 

c. Linear load efficiency data @ 1/4, 1/2, 3/4 & full load 

d. Linear Load Efficiency @ 35% loading tested per NEMA TP-2. 

e. Efficiency under specified K rating load profile at 15%, 25%, 50%, 75%, 

100% of nameplate rating.   

8. Copy of Factory ISO 9001 documentation describing nonlinear load test program 

a. Meter and CT details including model, accuracy, serial numbers and 

calibration information. 

9. Copy of Linear & Nonlinear load test report for a representative 75kVA 

transformer  

10. 25 year Product Warranty Certificate 

 

B. Description of manufacturer’s factory nonlinear load test program. 

1. In light of the significant degradation of transformer performance when feeding 

nonlinear load compared to linear load, it is mandatory that the manufacturer test 

the transformers under nonlinear load representative of real world load mix. 

Transformers that have not been subject to testing under nonlinear load will not 

be considered for this project due to the uncertainty related to their real world 

performance. 

2. Given the lack of a standard for testing transformers under nonlinear load, the 

manufacturer must have a nonlinear Load Test Program operating in the 

production environment that is audited and documented per quality standard ISO 

9001. 

3. The nonlinear load bank shall consist of a phase-neutral loading with a specified 

K rating load profile, representative of a mix of typical commercial equipment. 

4. Meters and CTs shall both be revenue class accurate.  CTs shall be operated 

within their approved accuracy loading range. Dual meters shall 

gather simultaneous primary and secondary energy and harmonic data.  Meter 

and CT details including model, accuracy, serial numbers and calibration 

information. 

5. Efficiency:   Measurements shall be taken at multiple load levels and plotted to 

show compliance with specification and correlation to the designed efficiency 

curve.  

6. Efficiency shall be determined purely by measurements using method and 

instrumentation per NEMA TP-2 Standard. Other methods are not acceptable. 

7. Harmonic data including current and Voltage THD at the different load levels 
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shall be included with the test report. 

 

1.4 SPECIFICATION COMPLIANCE REVIEW 

 

A. Mark up a complete copy of the specification section for the product to indicate a) 

acknowledgement of the specification requirement (Comply), or b) acknowledgement that 

the particular specification requirement does not apply to this specific project (Not 

Applicable) or, c) acknowledgement that the specification requirement cannot be made or 

that a variance is being submitted for review to the Architect/Engineer/Owner (Does Not 

Comply, Explanation:) Do not submit an outline form of compliance, submit a complete 

copy with the product data. 

 

1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Store and protect products 

 

B. Store in a warm, dry location with uniform temperature.  Cover ventilation openings to 

keep out dust, water and other foreign material. 

 

C. Handle transformers using lifting eyes and/or brackets provided for that purpose.  Protect 

against unfavorable external environment such as rain and snow, during handling. 

 

1.6 WARRANTY 

 

A. Transformer shall carry a 25-year pro-rated warranty, which shall be standard for the 

product line. 

 

1.7 INTERNATIONAL STANDARDS ORGANIZATION REGISTRATION OF MANUFACTURING 

PLANT 

 

A. Registration to current ISO standard is required. 

 

B. Independent annual audits are conducted. 

 

C. Product shall be manufactured in registered facility 

 

D. ISO 9001:2000 Registered – Quality Management System  

 

E. ISO 14001:2004 Registered – Environmental Management System 

1. Transformer manufacturing can produce significant emissions of volatile 

compounds and significant other waste.  To minimize environmental impact, the 

transformer must the product of a manufacturing process that has been 

independently audited to comply with the ISO 14001:2004 Environmental 

Management System Standard, where strict quality control of raw material 

sourcing and construction techniques maximize product efficiency and minimize 

emissions and waste byproducts.  

2. ISO 14001:2004 ensures that a facility has had an independent environmental 

impact assessment of raw material sourcing and all manufacturing processes, 

and has implemented an independent annually audited program that minimizes 

environmental impact during manufacturing process and includes a strictly 

monitored continuous improvement program.   

 

PART 2 - PRODUCTS 

 

2.1 ACCEPTABLE MANUFACTURERS/PRODUCT 
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A. Powersmiths E-Saver OPAL 

 

B. Power Quality International (Z3 e-Rated) 

 

C. Mirus - ULLTRA 

 

2.2 TRANSFORMER SPECIFICATION 

 

A. Minimum UL Listed and Labeled K-Rating: K13. 

 

B. Copper-wound, 3-phase, common core, ventilated, dry-type, isolation transformer built to 

NEMA ST20 and relevant NEMA, UL and IEEE standards; 200% rated neutral; 60Hz 

rated; Transformers 750 kVA and less, 600 volt primary and less, shall be UL Listed and 

bear the label. All terminals, including those for changing taps, must be readily accessible 

by removing a front cover plate. Windings shall be continuous with terminations brazed or 

welded. 10kV BIL. 

 

C. Insulation System:  

1. Shall be NOMEX-based with an Epoxy Co-polymer impregnate for lowest 

environmental impact, long term reliability and long life expectancy  

a. Class: 220 degrees C 

b. Impregnate Properties for low emissions during manufacturing, highest 

reliability and life expectancy  

c. Epoxy co-polymer  

d. VOC: less than 1.65 lbs./gal (low emissions during manufacturing) 

e. Water absorption (24hrs @25C): less than 0.05% (superior insulation, 

longer life) 

f. Chemical Resistance: Must have documented excellent performance 

rating by supplier 

g. Dielectric Strength: minimum of 3200 volts/mil dry (for superior stress, 

overvoltage tolerance) 

h. Dissipation Factor: max. 0.02 @25C to reduce aging of insulation, 

extending useful life 

 

D. Operating Temperature Rise: Maximum 115 degree C in a 40 degree C maximum 

ambient 

 

E. Noise levels:  

1. 3dB Below NEMA ST-20 

2. Production Test every unit. Data to be available upon request. 

 

F. Exceed minimum efficiency requirements of US Department of Energy, 10 CFR Part 431, 

April 18, 2013, Energy Conservation Program: Energy Conservation Standards for 

Distribution Transformers: Final Rule which takes effect January 1, 2016, and comply 

with the table of maximum no Load Loses, efficiency requirements at 1/6 load, efficiency 

at 35% load per 10 CFR Part 431, and efficiency at 25% load under the transformer 

specified K-rating load profile. 

 

G. Maximum losses and minimum efficiency under linear load conditions per Table 1. 

 



 

ULTRA HIGH EFFICIENCY K-RATED TRANSFORMERS  

(EXCEEDS DOE 2016 EFFICIENCY) 26 12 17-5 

SOBE #2550-02337 Salas O'Brien Registration #F-4111 

Table 1 

Max and Min Values for Losses and Efficiency for “High Efficiency” Transformers 

Under K1 Linear and Specified K-Rating Nonlinear Loading 

kVA 

Rating 

No 

Load 

16.5% Load 25% Load 35% Load 

K1 Linear Nonlinear Linear Nonlinear K1 Linear Nonlinear 

Max 

Loss 

(kW) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

Max 

Loss 

(kW) 

Min 

Eff. 

(%) 

15 0.054 0.066 97.38 0.067 97.36 0.082 97.86 0.085 97.78 0.109 97.97 0.117 97.82 

30 0.091 0.112 97.79 0.113 97.77 0.138 98.19 0.144 98.12 0.183 98.29 0.200 98.13 

45 0.124 0.152 98.00 0.154 97.97 0.187 98.36 0.197 98.28 0.248 98.45 0.276 98.28 

75 0.181 0.221 98.24 0.225 98.22 0.273 98.56 0.288 98.49 0.362 98.64 0.404 98.48 

112.5 0.245 0.300 98.41 0.305 98.38 0.370 98.70 0.393 98.62 0.490 98.77 0.555 98.61 

150 0.303 0.370 98.53 0.377 98.50 0.457 98.80 0.486 98.72 0.605 98.86 0.688 98.71 

225 0.410 0.501 98.67 0.510 98.64 0.619 98.91 0.659 98.84 0.820 98.97 0.937 98.82 

300 0.509 0.622 98.76 0.636 98.73 0.769 98.99 0.829 98.91 1.018 99.04 1.194 98.88 

500 0.741 0.906 98.91 0.928 98.89 1.119 99.11 1.213 99.04 1.482 99.16 1.754 99.01 

 

H. Voltage Taps: For transformers 30kVA-300kVA, provide two 2-1/2% full capacity taps 

above and below nominal primary voltage. For transformers 15kVA and smaller as well 

as 500kVA and larger provide one 5% full capacity tap above and below nominal primary 

voltage. 

 

I. Impedance: Between 3.0% and 6.0% unless otherwise noted. 

 

J. Enclosure type: Ventilated NEMA 2; NEMA 3RX aluminum or stainless steel when 

located outdoors, or as indicated otherwise 

 

K. Finish Color: Provide light gray ANSI-61 paint finish for transformers located outdoors. 

Provide manufacturer’s standard paint finish color indoors. 

 

L. Transformer Options: 

1. Electrostatic Shield:  Each winding is independently single shielded with a full-

width copper electrostatic shield 

 

M. Closed delta 120/240-Volt secondary, 3-phase, 4-wire with center tap neutral winding 

transformers: 

1.  KVA rating indicated shall be for balanced 3-phase loading. Center tap winding 

shall allow for a maximum nominal 70-percent of three-phase kVA rating for 

unbalanced single phase neutral connected 120/240-Volt loads. The center tap 

winding shall be individually rated or constructed at twice the capacity of each of 

the other delta connected windings. (Example: a 225kVA rated center tap 

transformer would consist of two 75-kVA windings and one 150-kVA center tap 

winding). 
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PART 3 - EXECUTION 

 

3.1 INSTALLATION 

 

A. General: Install transformers where shown, in accordance with the manufacturer's written 

instructions and industry practices to ensure that the transformers meet the 

specifications. Comply with requirements of NEMA and NEC standards, and applicable 

portions of NECA Standard of Installation, for installation of transformers. Transformers 

shall be floor mounted. Ceiling mounted transformers are not acceptable. 

 

B. Dry-Type Transformer Mounting: Indoor, floor mount transformer on properly sized 

Amber/Booth Type RVD rubber-in-shear vibration isolators. Transformer enclosures shall 

make no contact with wall surfaces. 

 

C. Conduit directly connected to transformer enclosures shall be flexible liquid tight conduit 

extending for a minimum of 18-inches and a maximum of 24 inches from transformer 

enclosure as measured along the conduit centerline. Include a ground wire, size in 

accordance with NEC, internal in each length of flexible conduit. 

 

D. Grounding: Ground and bond transformers as a separately derived system unless noted 

otherwise, refer to NEC 250. Installation of bonding strap or bonding conductor between 

ground and neutral bus shall be witnessed by the Engineer prior to applying power and 

terminating secondary conductors. 

 

E. Check for damage and loose connections. 

 

F. Set the transformer plumb and level. 

 

G. Provide Seismic restraints where required. 

 

H. Coordinate all work in this Section with that in other sections. 

 

I. Verify all dimensions in the field. 

 

J. Adjust transformer secondary voltages to provide the required voltage at the loads. 

 

3.2 TESTING 

 

A. Insulation Tests: Before energizing, check transformer windings for continuity. 

 

B. Winding Current: During initial no-load energizing, check current in each primary winding. 

 

C. Tap Settings: Measure and record load current and voltage of transformers while loaded 

to verify proper transformer tap settings. 

 

D. Submittals: Furnish instruments and personnel required for tests. Submit four copies of 

certified test results to Engineer for review. Reports include transformer tested, date and 

time of tests, relative humidity, temperature, and weather conditions. 

 

E. Performance Validation: To ensure that the products shipped to the job site meet this 

specification, provide on-site revenue class accurate efficiency and harmonic 

measurements of transformers once installed and operating at customer’s site. Data shall 

be collected from primary and secondary sides of the transformer simultaneously on a 
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synchronized cycle by cycle basis. The use of two discrete meters that are not 

synchronized is not acceptable. Sampling shall be of 10% of transformers on the project 

once installed and operating, as selected by customer. Submit a detailed report to the 

project engineer. 

 

F. Identify non-compliant products to the engineer and replace at no cost to the Owner. 

 

G. Notification: Notify Engineer in writing of any deviation from manufacturer’s pre-shipment 

test data. 

 

END OF SECTION 
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SECTION 26 24 14 
 

TESTING, MAINTENANCE, AND MODIFICATIONS TO EXISTING SWITCHBOARDS 
AND FEEDER DISTRIBUTION PANELBOARDS 

 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Work Included: Switchboard and distribution panel work to existing switchboards or 
distribution panelboards 800 Amps or more and 600 volts or less as shown, scheduled, 
indicated, and specified. 

 
B. Types: Work for the project includes switchboards and feeder distribution panelboards. 

 
1.2 QUALITY ASSURANCE 
 

A. Original Equipment Manufacturer’s (OEM’s) Installation and Maintenance Instructions. 
Coordinate with the OEM’s field service representative for specific recommendations for 
the equipment involved prior to evaluation, testing, and maintenance procedures. 

 
B. NEMA Compliance: Comply with National Electrical Manufacturers Association (NEMA) 

Standard PB1 “Panelboards”, and Standard PB2, "Dead-Front Distribution 
Switchboards." 

 
C. Testing shall be performed by the OEM an InterNational Electrical Testing Association 

(NETA) National Accredited Company (NAC) and by NETA Certified Technicians with the 
appropriate NETA level of certification for the testing required. 

 
1.3 SUBMITTALS 
 

A. Indicate Original Manufacturer’s Installation and Maintenance Instructions for testing, 
exercising, cleaning, and lubrication where available. 

 
B. Include electrical characteristics including voltage, frame size and trip ratings, withstand 

ratings, and time current curves of all equipment and components. 
 
C. Original Manufacturer’s Inspection Report when available. 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Replacement parts shall be manufactured by Original Equipment Manufacturer, (OEM) 
when available. When OEM parts are not available, third party, UL recognized, 
manufactured parts may be used. Provide written confirmation on Manufacturer’s 
letterhead indicating OEM parts are not available. 

 
2.2 MATERIALS AND COMPONENTS 
 

A. Except as otherwise indicated, provide manufacturer's standard materials and 
components as indicated by published product information, designed, and constructed as 
recommended, and as required for a complete installation. 

 
2.3 NEW OVERCURRENT DEVICES AND/OR NEW ACCESSORIES 
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A. New Indicating Instruments where indicated: Switchboard instrumentation shall be digital 
display, panel mounted, rated for 120V, 60 hertz. The display unit shall be UL listed in 
accordance with UL 508. The electronic metering device shall have the following 
features: 
1. Voltmeter, phase to phase and phase to ground or neutral. 
2. Current, per phase RMS and 3 phase coverage. 
3. Demand current per phase. 
4. Power factor per phase and 3 phase average. 
5. Real power, 3 phase total. 
6. Reactive power, 3 phase total. 
7. Apparent power, 3 phase total. 
8. Frequency. 
9. Average demand real power. 
10. Adjustable demand interval (5 to 60 minutes). 
11. Nonvolatile memory. 
12. Password protected set-up and reset. 
13. 3 current transformers with primary to match bus size and 5 ampere secondary 

with metering class accuracy. 
14. Full scale readouts with the following accuracy: 

a. Current and voltage measurement +/-0.1% 
b. Power and energy   +/-0.2% 
c. Frequency    +/-0.5% 
d. Power Factor    +/-1.0% 
e. Data update time   0.5 seconds(4 wire) 

15. Metering Output. 
a. Pulse output based on kWh, kvarh, or kVAh. 
b. Analog output 4-20mA based on kWh, kvarh, or kVAh. 

16. Monitoring: 
a. Harmonic analysis through 63rd with THD and TIF. 
b. Event recorder. 
c. Waveform capture. 
d. Data logger. 
e. Triggered trace memory. 

17. Communication: 
a. Front port and dual rear mounted RS485 ports. 
b. BACnet protocol (coordinate with BMCS contractor). 
c. Mini RTU: digital 4 in/4 out. 
d. Analog 1 in/4 out. 
e. Local/remote display of all values. 

18. Software: 
a. Windows based software shall be provided to enable setpoint 

programming. 
 

B.  New Feeder and Branch Protective Devices greater than 1,200 Amps shall be individually 
mounted: 
1. Molded case circuit breakers: 

a.  Adjustable: current, I2t settings, ground fault (where required), 
instantaneous trip, and short time trip. Solid state trip true RMS sensing, 
without fusible elements; 100-percent continuous current rating. 

b.  Energy Reducing Maintenance System switch with local status indicator 
(ERMS). 

c.  Shunt trip capability and wiring to terminal block for remote shunt trip 
switch wiring termination weather remote trip device is indicated or not. 

2. Fusible switches: 
a. Each switch shall have an individual door over the front, equipped with a 

voidable interlock that prevents the door from being opened when the 
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switch is in the ON position unless the interlock is purposely defeated by 
activation of the voiding mechanism. All switches shall have externally 
operated handles. 

b. Fused switches 600 Amps and below, equipped for class J fuses. 
c.  Fused switches 601 Amps and above shall be equipped with Class R or 

L rejection type fuse holders. Class RK1 or L of ampere rating and type 
as indicated on the plans suitable for application of the system. 

d. When required by the latest edition of the NEC or the AHJ, 1,200 Amp 
switches regardless of fuse size installed shall have Energy Reducing 
Maintenance System switch with local status indicator (ERMS). 

 
C. Feeder and Branch Protective Devices 1,200 Amps and below shall be group mounted: 

1. Molded case circuit breakers: 
a. Greater than 250 Amp: Solid state true RMS sensing with adjustable:   

current, I2t settings, ground fault (where required), instantaneous trip, 
and short time trip; 80-percent continuous current rating. 

b.  250 Amp and smaller: Solid state true RMS sensing with fixed current 
setting by rating plug or dial. Breaker shall have adjustable 
instantaneous trip function with short time tracking. 

c. 1,200 Amp frame circuit breakers regardless of trip shall have Energy 
Reducing Maintenance System switch with local status indicator 
(ERMS). 

2. Fusible switches: 
a.  Quick-make, quick-break units utilizing the double-break principle of 

circuit interrupting to minimize arcing and pitting and shall conform to the 
ratings shown. 

b.  Individual door over the front, equipped with a voidable interlock that 
prevents the door from being opened when the switch is in the ON 
position unless the interlock is purposely defeated by activation of the 
voiding mechanism. All switches shall have externally operated handles. 

c.  600 Amps and below equipped for Class J fuses. 
d.   601 Amps and above shall be equipped for Class R or L rejection type 

fuse holders. 
e.   When required by the latest edition of the NEC or the AHJ, 1,200 Amp 

fused switches regardless of fuse size installed shall have Energy 
Reducing Maintenance System switch with local status indicator 
(ERMS). 

 
PART 3 - EXECUTION 
 
3.1 INSTALLATION, MAINTENANCE, AND MODIFICATION OF SWITCHBOARDS AND FEEDER 

DISTRIBUTION PANELBOARDS 
 

A. Comply with the requirements of NEMA, NEC, and NECA Standards for installation, for 
installation of switchboards and panelboards. Comply with Original Manufacture’s 
Operation and Maintenance Instructions for testing and periodic maintenance. 

 
B. Torque all existing and new bus connections and tighten mechanical fasteners to 

manufacturer’s specifications.  
 
C. Install fuses, of ratings shown, in each new or modified fused switch. 

 
D. Adjustment: Adjust operating mechanisms for free mechanical movement. Adjust circuit 

breaker time characteristic curves as directed by the OEM for coordination with 
downstream overcurrent devices. 
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E. Existing Indicating Instruments: Test and calibrate to original manufacturer’s 
specifications. Replace batteries in existing digital instruments where batteries are 
required. Replace defective indicating instruments with new digital instruments. Provide 
new digital indicating instruments where indicated on the drawings. 

 
F. Cleaning: Vacuum the interior of the existing enclosures of all dust and foreign matter. 

Clean all existing switch contacts according to manufacturer’s instructions. 
 

G. Lubrication: Lubricate all existing exposed switch contacts, pivot points and bearings 
according to manufacturer’s instructions. 

 
H. Remove any existing circuit breakers or fusible switches that are not functional or not 

suitable to be reused as “spares”. 
 
I. Provide filler plates where required. 
 
J. Existing enclosures which indicate rust or corrosion shall be repainted; paint indoor non-

stainless steel enclosures with ALKYD enamel coat, and outdoor non-stainless steel 
enclosures with epoxy enamel coat to match existing color. Do not paint over labels or 
listings. 

 
K.  Mimic bus: Update the existing mimic bus or provide new mimic bus to indicate busing, 

connections, and devices in single line form on the fronts of switchboards. Use red 
colored plastic strips or match exiting material and color format, fastened flat against the 
panel face with screws. 

 
3.2 TESTING 
 

A. Provide the services of a NETA NAC or Original Manufacturer’s Field Services personnel 
for initial testing at no additional cost to the Owner. The NETA NAC or Original 
Manufacturer’s Field Services personnel shall provide at minimum, a visual inspection of 
the existing switchboards or panelboard and shall provide a written report with 
recommendations regarding the existing condition and recommendations to further 
testing, maintenance, and in regard to the specified modifications of the existing 
switchboard or panelboard. The report shall include any deficiencies of the existing 
switchboard in relation to each component’s intended function. In addition, provide 
deficiencies of the existing switchboard or panelboard with regard to the current National 
Electrical Code. Provide the written report to the Architect within 14 days of notice to 
proceed and prior to any demolition or construction. All other testing, maintenance, and 
modifications shall be provided by the Contractor as specified at no additional cost to the 
Owner.   

 
B. Pre-Energization Checks: Before energizing, check for continuous of circuits and for short 

circuits. Test existing Bolted Pressure Switches according to Original Manufacture’s 
Instructions. 

 
C. Insulation Resistance Test: Each bus shall be insulation resistance tested after 

installation and modification is complete except for line and load side connections. Tests 
shall be made using Biddle Megger or equivalent test instrument at a voltage of not less 
than 1000 vDC. Resistance shall be measured from phase-to-phase and from phase-to-
ground. Minimum acceptable value for insulation resistance is 2 megohms. 

 
D. Ground Fault Protection System Test: After completion of construction and before final 

acceptance testing, the ground fault protection system shall be field-tested and reset to 
the manufacturer's recommFeedended settings for both current and time by a 
representative of the manufacturer's engineering service department. After the test, set 
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ground fault to 1,200 Amps or 50-percent of the circuit breaker or fused switch frame 
size, whichever is lowest. 

 
E. All circuit breakers with adjustable trip settings shall fully tested to verify all fixed and 

adjustable overcurrent and ground fault trip settings are set to the proper setting and 
function within manufacture’s recommended tolerances. 

 
F. Provide thermal infrared scan of the under full load prior to testing/maintenance and 

modifications and of the modified or new equipment sections after construction as 
directed and witnessed by Owner. Make corrections as needed as soon as possible as 
directed by the Owner. Repeat the scan at the 11-month prior to close out and make 
corrections prior to close-out. Provide digital video documentation with test results for 
comparison between prior condition and post construction modifications and future tests. 

 
G. Submittals: Furnish instruments and certified personnel required for tests. Submit 4 

copies of certified test results to the Architect for review. Test reports shall include project 
location, testing contractor and testing technician’s contact information, equipment tested, 
date and time of test, relative humidity, temperature, and weather conditions. 

 
END OF SECTION 
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SECTION 26 24 16 
 

PANELBOARDS AND ENCLOSURES 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Panelboards and enclosures, including cabinet, as shown, scheduled, indicated, and 
specified. 

 
1.2 QUALITY ASSURANCE 
 

A. UL Standards: Panelboards and enclosures shall confirm to all applicable UL standards 
and shall be UL labeled. 

 
1.3 SUBMITTALS 
 

A. Indicate: 
1. Detailed dimensions.  
2. Enclosure material, finish, and NEMA classification type. 
3. Location of main circuit breaker. 
4. Mounting and trim. 
5. Acceptable incoming conductors’ size. 
6. Electrical characteristics including voltage, ampacity, overcurrent device frame 

size and trip ratings, bus material and rating, withstand ratings, lugs, and time 
current curves of all overcurrent devices and components. 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Schneider Electric - Square D 
 

B. ABB-General Electric Co. 
 

C. Siemens 
 

D. Eaton 
 
2.2 MATERIALS AND COMPONENTS 
 

A. General: Panelboards shall be dead-front type equipped with fusible switches or circuit 
breakers as shown and as required. 

 
B. The overcurrent protective device short circuit, coordination and arch flash studies 

performed by the overcurrent protective device manufacturer shall be used by the 
respective switchgear vendor(s) to select appropriate equipment, switchgear, and 
overcurrent protective device characteristics such as but not limited to: equipment 
bracing, AIC rating, circuit breaker frame size and trip settings, and fuse type/class. The 
appropriate equipment suitable and required by the studies for code compliance shall be 
included with the submittal data for review and provided at no additional cost to the 
Owner. The appropriate equipment recommended by the studies for enhanced selective 
coordination or enhanced arc flash energy reduction beyond code compliance shall be 
included with the submittal data for review and consideration purposes by the engineer. 
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C. Busing Assembly: Panelboard phase, neutral, and equipment ground busing shall be 
copper. Bus structure and mains shall have ratings as shown and scheduled. Furnish a 
bare uninsulated ground bus inside each panelboard enclosure. Two section panelboards 
shall be connected with copper cable, with an ampacity conforming to the upstream 
overcurrent device. Neutral bus termination quantity for branch circuit panelboards shall 
match or exceed the maximum number of single pole circuit breakers the panelboard will 
accept. 

 
D. Main circuit breakers and feeder / branch circuit breakers: 

1. Less than 125 Amps: Thermal magnetic with factory fixed trip. 
2. 125-600 Amps: Thermal magnetic with adjustable instantaneous trip of 5X – 10X 

with short time tracking. 
3. 601 Amps and larger: Solid state true RMS sensing with adjustable: current set 

by rating plug or adjustable dial, I2t settings, ground fault (where required), 
instantaneous trip, and short time trip; 80-percent continuous current rating. 

4. Provide permanent lock-off device for all fire alarm system branch circuit 
breakers, for all smoke control fans and equipment, and where indicated or 
required for circuit breaker to be used as a remote safety disconnect switch. 

5. General requirements:  
a. Make prepared space provisions for additional breakers or fused 

switches so that no additional bus or connectors will be required to add 
circuit breakers or fused switches in the available device mounting 
space. 

b. Two and three pole breakers shall have internal common trips. 
c. All circuit breakers used as the main or branch mounted back-fed main 

shall be bolt-on. All circuit breakers used in 600 Amp and smaller 
panelboards shall be bolt-on breakers. Circuit breakers for distribution 
panelboards rated 601 amps and larger shall have plug-on or bolt-on 
circuit breakers.  

d. Branch circuit panelboard shall have interrupting capacity as shown or as 
required, but in no case less 10k AIC for 120/208/240-Volt systems, and 
18k AIC for 277/480-Volt systems. 

e. 15 and 20 Amp circuit breakers for lighting circuits shall be UL listed 
switch duty (SWD). 

f. Personnel ground fault interrupter (GFI) circuit breakers, where shown, 
shall be maximum 5 mA ground fault trip and shall include a TEST 
button. 

g. Equipment ground fault interrupter (EGFI/EGPD) circuit breakers, where 
shown or required shall be 30mA ground fault trip and shall include 
TEST button. 

h. Circuit breakers with 1,200 Amp and larger frame shall have Energy 
Reducing Maintenance Switching with local status indicator (ERMS). 

 
E. Fusible Switches for distribution panelboards: Fusible switches shall be quick-make, 

quick-break type. Each switch shall be enclosed in a separate steel enclosure. The 
enclosure shall employ a hinged cover for access to the fuses. Interlock cover with the 
operating handle to prevent opening the cover when the switch is in the ON position. This 
interlock shall be constructed so that it can be overridden for testing fuses without 
interrupting service. The switches shall have padlocking provisions in the OFF position. 
Switches shall include positive pressure rejection type fuse clips for use with UL Class J 
fuses and be UL labeled for 200,000 AIC. 

 
F. Spaces: Where space for future breakers or switches is shown, panelboard enclosure 

shall include removable blank panels or knockouts to allow installation of future breakers 
or switches, prepared spaces, and panelboard busing shall be complete, including 
required connectors.  
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G. Integrated Equipment Rating: Do not apply series ratings. Each panelboard, as a 

complete unit, shall have a short-circuit rating equal or greater than the available short 
circuit current. Rating shall have been established by tests on similar panelboards with 
the circuit breakers or fusible switches installed.  

 
H. GFCI circuit breakers not available in the required panel AIC rating shall be series rated 

with the upstream over current protection device to provide the panelboard with required 
AIC rating. Coordinate series rating requirements with manufacturer. Mark the panel per 
NEC 110. The marking shall be visible and state the following: "CAUTION-ENGINEERED 
SERIES COMBINATION SYSTEM RATED XXX AMPERS. IDENTIFIED 
REPLACEMENT COMPONENTS REQUIRED”. 

 
I. Panelboard Enclosures: 

1. Provide sheet steel enclosures, minimum 16-gauge nominal thickness, with 
multiple knockouts, unless shown otherwise. Provide all NEMA 1 panelboard 
fronts with spring-loaded door pulls, and flush lock and key, panelboard 
enclosures keyed alike to match the Owner’s standard key system; coordinate 
with Owner. 

2. All NEMA 1 enclosure panelboards shall be hinged “door-in-door” type with 
interior hinged door with hand operated latch or latches, as required providing 
access only to circuit breaker or fusible switch operating handles, not to exposed 
energized parts. Outer hinged door shall be securely mounted to the panelboard 
box with factory bolts, screws, clips, or other fasteners, requiring a tool for entry. 
Hand operated latches are not acceptable. Push inner and outer doors shall 
open left to right. Manufacturer hardware (OEM), screws, and bolts shall be used 
to secure dead fronts and covers. Do not used third party hardware. Do not use 
power tools to secure panel hardware. Provide gray powder coat finish over a 
rust inhibitor. 

3. Equip with interior circuit directory frame, card, and clear plastic covering for 
panelboards.  

4. Panelboards located in kitchen preparation or natatorium areas shall have Type 
316 stainless steel front, door, and trim with a NEMA 1 rating for the entire 
enclosure.  

5. Panelboards at exterior locations shall be NEMA 4X Type 316 stainless steel.  
6. Panelboards at hose down areas, cooling towers, in greenhouses, and other 

corrosive locations shall be NEMA 4X 316 stainless steel. 
7. Enclosure shall be for recessed or surface mounting as shown or as required.  
8. Enclosures shall be fabricated by the same manufacturer as panelboards to be 

enclosed. Multi-section panelboards shall have same physical dimensions. 
 

PART 3 - EXECUTION 
 
3.1 INSTALLATION OF PANELBOARDS AND ENCLOSURES 
 

A. General: Install panelboards and enclosures, as shown, including electrical connections, 
in accordance with the manufacturer's written instructions, the requirements of NEC, 
NECA Standard of Installation, and industry practices. Circuit breakers shall be factory 
installed except for required field modifications due to actual site conditions. 

 
B. Coordination: Coordinate installation of panelboards and enclosures with conductor and 

raceways installation work. 
 

C. Anchoring: Anchor enclosures to walls and structural surfaces ensuring that they are 
permanently and mechanically secured. 
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D. Directory Card: Provide a typed circuit directory card(s) upon completion of work. 
Directory card shall be of super heavy-weight index card stock, 110 lb, white. Directory 
shall include type of load (i.e.: receptacles, lighting, exhaust fan, etc.) and location (i.e.: 
Room 102, Office, etc.) Room number shall be identified as the actual graphics room 
number assigned to the space and not the room number identified on the Plans. Circuits 
with shunt trip shall be identified with the control circuit operating the shunt trip (i.e.: 
Kitchen Hood No. 2). Shunt trip breakers with common trip circuit shall be grouped in the 
panelboard (i.e.: circuits 1, 3, 5 and 7). 

 
E. Fuses: Install fuses, of the ratings and class shown. 

 
F. Circuit Arrangement: Branch circuits shall be arranged to provide the best possible phase 

balance, unless shown otherwise. 
 

G. Panelboards not intended to be used as service entrance (SE) rated or for establishing a 
separately derived neutral system shall have the factory installed neutral to ground 
bonding screws and straps removed and disposed of. 

 
H. Recessed or flush mounted panelboards: Terminate spare conduits in junction box 18-

inches above accessible ceiling close to panelboard location. Label junction box cover as 
“not used” and include panel identification. 
1.  Provide (3) 1-inch and (3) ¾-inch spare conduits above accessible ceiling to j-

box from each panelboard section. 
2. Where recessed panelboard is located above another building floor, also provide 

(3) 1-inch and (3) ¾-inch conduits to j-box in ceiling space on floor below. 
 

I. Conductors shall be bent neatly opposite the fuse switch or circuit breaker to which they 
are to be attached. Vertically installed conductors shall be neatly tie-wrapped. 
Conductors shall be connected in a neat and professional manner. Conductors brought in 
from the top or bottom of the cabinet shall be bent neatly opposite the fuse or circuit 
breaker to which they are to be attached. Each conductor shall be run along the full 
height of the panel and returned to the circuit breaker or fuse location to allow relocation 
of the conductor to any position along the bus. Panelboard shall be cleaned of all 
construction debris prior to substantial completion review. Neutral and grounding 
conductors shall be installed similar to the phase conductors. 

 
J. Circuit breakers and conductors installed for SPD devices shall be located on the same 

side as the SPD to allow the shortest and straightest run of conductors in respect to the 
location of the SPD device. Route all conductors to the SPD device with straight as 
possible run, using longest sweep bends and the shortest conductor length possible. 
Twist all SPD conductors and secure with tie straps wherever possible. 

 
K. Install copper ground bus for copper ground conductors. Ground conductors size #1 and 

larger are to be landed to panelboard enclosure with mechanical lugs and not to ground 
bus. 

 
L. Install panels so that breaker number 1 is the top left breaker. 
 
M. In panels that contain multi-layered neutral bus, install neutrals beginning with the back 

neutral bus row and work forward. Do not make up neutrals on front neutral bus row 
unless all other rows are full. 

 
N. Label breaker mounting space with stick-on number labels. 
 
O. Mount the fully aligned panelboard such that the maximum height of the top circuit 

breaker above the finished floor shall not exceed 78-inches. Mount panelboards as high 
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as practical and such that the bottom of the cabinets will not be less than 6 inches above 
the finished floor. 

 
3.2 TESTING 
 

A. Before energizing, energization, check for continuity of circuits and short circuits. 
 
B. Provide thermal infrared scan of panelboards under full load as directed and witnessed 

by Owner. Correct any deficiencies causing abnormal heating and repeat the scan. 
Provide digital video documentation with deficiencies corrected for comparison to future 

test. Make corrections as needed as soon as possible as directed by the Owner. 

Repeat the scan at the 11-month prior to closeout, and make corrections prior to 

close-out. 

 
END OF SECTION 
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SECTION 26 24 25 
 

ENCLOSED SWITCHES 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Safety and disconnect switch work where required, scheduled, indicated, specified, and 
required.  

 
B. UL Approved: Safety and disconnect switches shall have UL approval and the UL label. 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Schneider Electric - Square D 
 

B. ABB-General Electric Co. 
 

C. Siemens 
 

D. Eaton 
 
2.2 ENCLOSED SWITCHES 
 

A. General: Provide heavy duty type, dead-front, sheet steel enclosed, surface-mounted 
safety switches of the type and size indicated. Safety switches shall be rated for the 
voltage of the circuit where they are installed. Safety switches used as motor disconnects 
shall be rated for the motor horsepower served. 

 
B. The overcurrent protective device short circuit, coordination and arch flash studies 

performed by the overcurrent protective device manufacturer shall be used by the 
respective switchgear vendor(s) to select appropriate equipment, switchgear, and 
overcurrent protective device characteristics such as but not limited to: equipment 
bracing, AIC rating, circuit breaker frame size and trip settings, and fuse type/class. The 
appropriate equipment suitable and required by the studies for code compliance shall be 
included with the submittal data for review and provided at no additional cost to the 
Owner. The appropriate equipment recommended by the studies for enhanced selective 
coordination or enhanced arc flash energy reduction beyond code compliance shall be 
included with the submittal data for review and consideration purposes by the engineer. 

 
C. Switch Mechanism: 

1. Safety switches shall be quick-make, quick-break type with permanently attached 
arc suppressor. Constructed so that switch blades are visible in the OFF position 
with the door open. The operating handle shall be an integral part of the box, not 
the cover. Switch shall have provision to padlock in the OFF position. Safety 
switches shall have a cover interlock to prevent unauthorized opening of the 
switch door when the switch mechanism is in the ON position, or closing of the 
switch mechanism when the switch door is open. 

2. Cover interlock shall have an override mechanism to permit switch inspection by 
authorized personnel. Current-carrying parts shall be constructed of high 
conductivity copper with silver-plated switch contacts. Lugs shall be suitable for 
copper conductors and front removable. 
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D. Neutral: Provide safety switches with number of switched poles indicated. Where a 
neutral is present in the circuit, provide a solid neutral with the safety switch. Where a 
ground conductor is present in the circuit, provide a separate solid ground with the safety 
switch. 

 
E. Auxiliary Contacts: Disconnect switches related to all smoke control fans shall have 

auxiliary contacts for fire alarm system monitoring of the position of the disconnect 
switch.  

 
2.3 ENCLOSED SWITCHES WITH OVERCURRENT AND/OR GROUND FAULT PROTECTION 
 

A. Overcurrent protective devices 1,200 Amps and below: 
1. Where switch is intended as a building service disconnect provide solid neutral 

and ground bus and service entrance SE rating. 
2. Molded case circuit breakers: 

a. Greater than 800 Amp: Solid state true RMS sensing with adjustable: 
current, I2t settings, ground fault (where required), instantaneous trip, 
and short time trip; 80-percent continuous current rating. 

b. 800 Amp and smaller: Solid state true RMS sensing with fixed current 
setting by rating plug or dial. Breaker shall have adjustable 
instantaneous trip function with short time tracking. 

c. 1,200 Amp and larger frame circuit breakers regardless of trip shall have 
Energy Reducing Maintenance System switch with local status indicator 
(ERMS). 

3. Fusible switches: 
a. Quick-make, quick-break units utilizing the double-break principle of 

circuit interrupting to minimize arcing and pitting and shall conform to the 
ratings shown. 

b. Individual door over the front, equipped with a voidable interlock that 
prevents the door from being opened when the switch is in the ON 
position unless the interlock is purposely defeated by activation of the 
voiding mechanism. All switches shall have externally operated handles. 

c. 600 Amps and below equipped for Class J fuses. 
d.  601 Amps and above shall be equipped for Class R or L fuses. 
e.  When required by the latest edition of the NEC or the AHJ, 1,200 Amp 

fused switches regardless of fuse size installed shall have Energy 
Reducing Maintenance System switch with local status indicator 
(ERMS). 

 
B. Ground Fault Interrupter (GFI) protection: Where shown or required, ground fault 

protection shall be achieved with adjustable pickup for ground fault currents, field-
adjustable from 200 amperes and instantaneous to 60 cycle time delay. The ground fault 
protection system shall include necessary current sensors, internal wiring, and relays to 
coordinate opening the monitored faulted circuits. 
1. Ground fault protection shall be set at minimum setting for both current and time 

during construction. The manufacturer shall include in the submittal data the 
minimum setting of the device and the recommended setting for normal building 
operation. 

2. The ground fault system shall be factory-tested before shipment as specified: 
a. The manufacturer shall provide a factory ground fault protection system 

test for circuit testing and verification of tripping characteristics. The 
manufacturer shall pass predetermined values of current through the 
sensors and measure the tripping time for each phase and neutral. The 
measured time-current relationships shall be compared to the trip-
characteristic curves. If the ground fault device trips outside the range of 
values indicated on the curve, the ground fault device shall be replaced 
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or recalibrated. 
b. Relays, electrically operated switches, shunt-trip switches, circuit 

breakers, and similar items shall have proper voltages applied to their 
circuits and satisfactory operation demonstrated. 

c. Upon completion of the factory ground fault protection system test, the 
current and time on each ground fault device shall be set to minimum 
values. 

 
2.4 ENCLOSURES 

 
A. Enclosures in exterior locations shall be NEMA 4X stainless steel. 

 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION 
 

A. General: Install safety and disconnect switches where required or indicated, in 
accordance with the manufacturer's written instructions, requirements of the NEC, NECA 
Standard of Installation, and industry practices. Provide fuse identification label when 
fused switches are required showing type and size inside door of each switch. Include 
devices in coordination study to indicate overcurrent devices will selectively coordinate. 

 
B. Location: Provide safety switches within 50’ and in sight of motor served. There shall be 

minimum code required clearance in front of safety switch and a clear path in which to 
access the switch. (i.e.: not having to walk and/or stand on obstacles such as drain pans 
on floor to service). 

 
C. Supports: Provide all safety and disconnect switches with galvanized angle or other 

supports where mounting on wall or other rigid surface is impractical. Switches shall not 
be supported by conduit alone. Where safety and disconnect switches are mounted on 
equipment served, the switch shall not inhibit removal of service panels or interfere with 
access areas, not void the warranty of the equipment served. Provide mounting hardware 
that will allow removal of safety and disconnect switches with common work tools. Do not 
utilize drive pin anchors through enclosure. 

 
D. Ground Fault Interrupter (GFI) test and settings: Where adjustable ground fault 

interrupter settings are provided or required, after completion of construction and before 
final acceptance testing, the ground fault protection system shall be field-tested and reset 
to the manufacturer's settings for both current and time by a representative of the 
manufacturer's engineering service department. After the test, set ground fault to 50-
percent of the overcurrent device rating. 

 
E. Safety and Disconnect Switches: Install disconnect switches for motor-driven equipment, 

appliances, motors, and motor controllers within sight of the controller position unless 
indicated otherwise. 

 
 
F. Provide disconnect switch for electric duct heaters. 
 

 
3.2 TESTING 

A. General: Before energizing, check for continuity of circuits and short circuits. 
 

 
END OF SECTION 
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SECTION 26 29 00 
 

MISCELLANEOUS ELECTRICAL CONTROLS AND CONTROL WIRING 
 
PART 1 - GENERAL 
 
1.1 WORK INCLUDED 
 

A. Miscellaneous electrical equipment, controls, and control wiring work is as shown and 
scheduled, and as specified. 

 
B. Types: Miscellaneous electrical equipment, controls and control wiring specified in this 

Section include, but are not limited to, the following: 
1. Miscellaneous Electrical Controls: 

a. Photo Sensors 
b. Time switches. 
c. Door bells/buzzers 
d.  Safety notification devices 

2. Miscellaneous Control Wiring: 
a. Stop-start stations and inter-connecting and interlock wiring for motors, 

controllers, air-cooled condensing units, interlocks, safety devices, and 
similar items. 

b. Capacitor control wiring. 
c. Additional control wiring and safety devices as shown and specified. 

 
PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 
 

A. Time clocks: 
1. Intermatic Time Controls 
2 Tork 
 

B. Door bells, buzzers: 
1. Edwards Signaling 

 
2.2 EXTERIOR LIGHTING CONTROL - When BMCS exterior lighting control or other dedicated 

lighting control system is not specified elsewhere or provided 
 

A. Photo Sensors: Self-contained, adjustable, weatherproof Photo Sensor designed for 
mounting on an outdoor junction box. 

 
B. Time Switches: Tork #DLC400 BP with USB-MMP memory module and software. Seven-

day, four-zone digital astronomic electronic time switch with integral photo sensor with 6-
month battery back-up memory. Time switches shall be installed in flush or surface 
mounted NEMA enclosure as required. 

 
C. Control Relays: As required for control of lighting contactors. 
 

2.3  DOOR BELLS, BUZZERS AND CONTROLS 
 
A. Vibrating bell for high ambient noise areas (commercial kitchens, industrial 

manufacturing, warehouses, and outdoor locations: Edwards Signaling #340-4G5, 
24VAC, 4-inch, 98dB at 1m. 

 
B. Vibrating buzzer for indoor small areas: Edwards Signaling #340A-G5, 24VAC, 80dB at 

1m, volume control. 
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C. Push button: Edwards Signaling #691-W flush center push button with locknut, #147-1 
mounting plate. 

 
D. Transformers: Edwards Signaling #598 120:24VAC, 30VA. 

 
2.4 WIRING AND RACEWAYS 
 

A. Line Voltage Control Wiring: As specified in Section 26 05 19. 
 

B. Low Voltage Control Wiring: As specified in Section 26 05 19, except that conductors 
shall consist of a multi-conductor jacketed cable whenever possible. 

 
C. Raceways: Raceways for line voltage and low voltage control wiring shall be as specified 

in Sections 26 05 19 and 26 05 37. 
 
PART 3 - EXECUTION 
 
3.1 INSTALLATION OF MISCELLANEOUS ELECTRICAL CONTROLS 
 

A. Install miscellaneous electrical equipment and control devices as required, in accordance 
with NECA Standard of Installation, and industry practices. 

 
B. Conductors: Connect electrical conductors to miscellaneous electrical control devices in 

accordance with equipment manufacturer's written instructions and wiring diagrams. 
Wherever possible match conductors of the electrical enclosures as shown. Ensure they 
are complete, including control wiring and devices. 

 
C. Photo Sensors and Time Switches: Photo Sensor and time switch settings shall be as 

directed by the Owner. Where a Building Management Control System (BMCS) for 
exterior lighting or other exterior lighting control system is specified or indicated, provide 
control of lighting from that respective system. 

 
D. Provide door bells/buzzers, momentary contact push buttons, transformers, and wiring for 

occupant notification as required. Provide doorbell push button(s) at each delivery service 
door for kitchens, warehouses, manufacturing facilities, etc. Provide door bells in high 
ambient noise areas including but not limited to commercial kitchens, warehouses and 
manufacturing facilities. Provide door buzzers in the manager’s and/or facility 
administrative offices directed by Owner. Locate bells and buzzers above 96-inches or as 
directed by Owner/Architect. Locate devices to avoid conflicts with other wall mounted 
equipment or facility operations. 

 
E. Line and Low Voltage Control Wiring: Line and low voltage control wiring shall be 

installed in a suitable raceway. 
 

F. Connections: Refer to Section 26 05 35 for connections to equipment. 
 

END OF SECTION 
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SECTION 26 43 00 
 

SURGE PROTECTION DEVICES 
 
PART 1 - GENERAL  
 
1.1 DESCRIPTION 
 

A. The Surge Protection Device (SPD) covered under this section includes service entrance 
type surge protection devices suitable for use as Type 1 or Type 2 Devices per UL1449 
5th Edition, applied to the line or load side of the utility feed inside the facility. SPDs shall 
be connected in parallel with the facility's wiring system. The unit shall be manufactured 
in the USA by a qualified manufacturer of suppression filter system equipment, which has 
been engaged in the commercial design and manufacture of such products for a 
minimum of five years. 

 
B. Contractor shall provide all labor, materials, equipment, and incidentals as shown, 

specified and required to finish and install surge protection devices. 
 
1.2 QUALITY ASSURANCE 
 

A. Reference Standard: Comply with the latest edition of the applicable provisions and 
recommendations of the following, except as otherwise stated in this document: 
1. UL 1449 Fifth Edition 
2. ANSI/IEEE C62.41, Recommended Practice for Surge Voltages in Low-Voltage 

AC Power Circuits. 
3. ANSI/IEEE C62.45, Guide for Surge Testing for equipment connected to Low-

Voltage AC Power Circuits. 
4. IEEE 1100 Emerald Book. 
5. National Fire Protection Association (NFPA 70 (NEC), 75, and 78). 
6. UL 1283 – Electromagnetic Interference Filters 
 

B. When requested for verification, provide copies of the following: 
1. Copies of actual let through voltage data in the form of oscilloscope results for 

both ANSI/IEEE C62.41 Category C3 (combination wave) and B3 (Ring wave) 
tested in accordance with ANSI/IEEE C6245. 

2. Copies of test reports from a recognized independent testing laboratory, capable 
of producing 200kA surge current waveforms, verifying the suppressor 
components can survive published surge current rating on both a per mode and 
per phase basis using the ANSI/IEEE C62.41 impulse waveform C3 (8 x 20 
microsecond, 20kV/10kA). Test data on an individual module is not acceptable. 

 
1.3 SUBMITTALS 
 

A. Submit shop drawings complete with all technical information for specific unit dimensions, 
let through voltage data, detailed installation instructions, maintenance manual, and 
wiring configuration. 

 
B. Provide detailed marked-up copy of this specification with line-by-line compliance or 

exception statements to all provisions of this specification. 
 
C. Copies of Manufacturer’s catalog data, technical information and specifications on 

equipment. 
 
D. Copies of documentation stating that the Surge Protection Device is listed from a 
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Nationally Recognized Testing Laboratory (NRTL) (UL, ETL, etc.) and are tested and 
multi-listed to UL 1449 5th Edition and UL 1283. 

 
F. Copy of warranty statement clearly establishing the terms and conditions to the 

building/facility owner/operator.   
 
1.4 WARRANTY 
 

A. The manufacturer shall provide a minimum 20-year warranty for high and very high 
exposure SPDs. Very high exposure unit warranties shall include exposure to temporary 
extended over-voltage conditions. Provide a minimum 15-year warranty for all medium 
exposure SPDs, and a minimum 10-year warranty for all other SPDs for parts from date 
of substantial completion against failure. Contractor shall assist the Owner with 
manufacturer warranty registration. 

 
PART 2 – PRODUCTS 
 
2.1 APPROVED MANUFACTURER 

 
A. Low exposure, minimum 10-year parts warranty, minimum 50k Amps per mode, 100k 

Amps per phase, Type 1 and Type 2. 
1. Recessed mount panelboard extension with brushed stainless-steel front: 

a. ACT Communications:471- ###V-050-SS-F-PB flush series. 
b. DEHN Current Technology PX3-050-VVV- #X-SF-X-F- # series. 
c. SST Southern Tier Technologies T45-VVVV-50-AWAJ2-C-RKSS 

(stainless steel front). 
d.  PSP H#C200-04NT1-H4-FMCSS series (stainless steel front). 
e.  SSI Surge Suppression, Inc. CSMx12-FMPxSS series. 

2. Branch panelboard surface mounted: 
a. ACT Communications 455 series. 
b. DEHN Current Technology CG3 60 series. 
c. SST Southern Tier Technologies T45-VVVV-50AWAJ2-C 
d. PSP H#C200-04NT1 series 
d. SSI Surge Suppression, Inc. CSMx12 series. 
 

B. Medium exposure, minimum 15-year parts warranty, minimum 120k Amps per mode, 
240k Amps per phase, Type 2. 
1. ACT Communications 471 series. 
2. DEHN Current Technology CGP3 125 series. 
3. SST Southern Tier Technologies T45-VVVV-120A series 
4. PSP H#C200-04NT1 series 
5. SSI Surge Suppression, Inc. CSMx24 series 
 

C. High exposure, minimum 20-year parts warranty, minimum 200k Amps per mode, 400k 
Amps per phase, Type 2 SPD. 
1. ACT Communications 471 x200 series. 
2. DEHN Current Technology TG3 200 series. 
3. SST Southern Tier Technologies T45-VVVV-200A series 
4. PSP H#C200-04NT1 series 
5. SSI Surge Suppression, Inc. CHLxM series. 

 
D. Very high exposure at service entrance 1,201 Amps and above: Minimum 20-year parts 

warranty; minimum 300k Amps per mode; 600k Amps per phase, Type 1 and 2 SPD: 
             1. ACT Communications 471 x300 SEL series. 

2. DEHN Current Technology SEL3 300 series. 
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             The service entrance protector shall incorporate a combination of TPMOV and Selenium 

technology allowing for transient surge and temporary over voltage protection. The unit 
shall be able to prevent common temporary over voltages and high impedance faults 
from damaging the MOVs, increasing their longevity and ability to protect the critical load. 
Limited and Intermediate current TOVs can be caused by a loss of the neutral conductor 
in a split phase or three phase power system. The available fault current will be 
determined by the impedance of the loads connected to the phases opposite the SPD 
and are typically in the range of 30A to 1000A. Minimum 20-year parts warranty, 
extended over-voltage protection, minimum 200k Amps per mode, 400k Amps per phase, 
Type 2 SPD. The Selenium elements must limit voltage to the MOV as a percent of 
nominal as outlined below: 

 

 
 *To verify damage to the MOVs has been mitigated, the percent overvoltage  seen at the MOV must be less than 200% 

for split-phase applications or 173% for three-phase applications (100% is nominal).  
 
2.2 MANUFACTURED UNITS / ELECTRICAL REQUIREMENTS 

 
A. Declared Maximum Continuous Operating Voltage (MCOV) shall be greater than 115 

percent of the nominal system operating voltage and in compliance with test and 
evaluation procedures outlined in the nominal discharge surge current test of UL1449, 
section 37.7.3.  MCOV values claimed based on the component’s value or on the 30-
minute 115% overvoltage test in UL1449 will not be accepted. 

 
B. Unit shall have not more than 10% deterioration or degradation of the UL1449, Voltage 

Protection Rating (VPR) due to repeated surges. 
 
C. Protection Modes SVR (6kV, 500A) and UL1449 VPR (6kV, 3kA) for grounded 

WYE/delta and High Leg Delta circuits with voltages of (480Y/277), (208Y/120), 
(600Y/347). 3-Phase, 4 wire circuits, (120/240) split phase shall be as follows and comply 
with test procedures outlined in UL1449: Values Depicted are based on a system Without 
Disconnect / With Disconnect 

 

System 
Voltage 

Mode MCOV UL 1449 
VPR Rating 

120/240 L-N 150 700/1200 

120/208 L-G 150 700/1200 

 N-G 0 900/1200 

 L-L 300 1000/1200 

277/480 L-N 320 1000/1200 

 L-G 320 1200/1200 

 N-G 0 1200/1500 

 L-L 550 1800/1800 

 
D. Electrical Noise Filter- each unit shall include a high-performance EMI/RFI noise rejection 

filter. Noise attenuation for electric noise shall be as follows using the MIL-STD-220A 
insertion loss test method. 
1. 14 dB from 10 kHz to 1 MHz. 
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E. Each Unit shall provide the following features: 

1. Phase Indicator lights easily visible in high ambient light conditions, Form C dry 
contacts, counter and audible alarm. 

2. Field testable while installed. 
3. High performance interconnecting cable for hard wired non-pigtail units. 
4. The UL 1449 Voltage Protection Rating (VPR) shall be permanently affixed to the 

SPD unit. 
5. The UL 1449 Nominal Discharge Surge Current Rating shall be 20kA 
6. The SCCR rating of the SPD shall be 200kAIC without requiring an upstream 

protection device for safe operation. 
7. The unit shall be listed as a Type 2 SPD per UL1449. 
8. Power wiring: SPD shall be equipped for hard wiring and shall have mechanical 

lugs that can accept up to #2 AWG wire on High and Very High Exposure units 
and up to #6 on Medium and Low Exposure units. 

 
2.3 POWER CABLES FOR CONNECTION 

 
A. Power wiring: Conductors between all high and very-high SPDs and switchgear shall be 

high performance interconnect system “Low Z Cable” cables with Ultra Low impedance 
characteristics at 10kHz and above. 

 
B. High Performance Low Impedance cable for hard wired SPDs shall be #6 AWG minimum 

for Very High, High, and Medium Exposure SPDs and #10 AWG minimum for Low 
Exposure SPDs. Low exposure pig tail units shall utilize the factory provided cables, cut 
to shortest and straightest run, without splices, wiring through conduit nipple only. 

 
PART 3 – EXECUTION 
 
3.1 GENERAL INSTALLATION 
 

A. The unit shall be installed as close as practical to the facility's wiring system in 
accordance with applicable national/local electrical codes and the manufacturer's 
recommended installation instructions. Connection shall be with high performance, low 
impedance cables in conduit and shall not be any longer than necessary, avoiding 
unnecessary bends. Minimum wire size and overcurrent protection device for disconnect 
shall be provided as recommended by the manufacturer. 

 
B. Units specified for lighting and appliance panel boards as panelboard extensions (EGPE) 

shall be mounted directly above or below the first section of the panel board it is 
protecting. Any other mounting location will not be acceptable and shall be corrected, 
without exception, at no additional cost to the Owner. 

 
C. Units specified for panelboards, switchboards, or motor control centers shall be mounted 

directly above or adjacent to the panelboard, switchboard or motor control center using 
unistrut supports secured to structure as required. Conduit length between power 
distribution panelboard or switchboard shall be less than two inches. Mounting above 
equipment is not acceptable. 

 
D. Overcurrent device and conductors for devices shall be the maximum recommended by 

the manufacturer. Manufacturer’s recommendations shall prevail over the information 
given in the plans and specifications. 

 
E. Provide recessed mounted panelboard extension type enclosures for devices protecting 

recessed panelboards. Enclosure front shall match panelboard front material and finish. 
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Provide brushed stainless-steel front at kitchens and food processing areas. 
 

3.2 UNIT SELECTION BASED ON EXPOSURE LEVEL 
 

A.        (SPDSEL) Provide very-high exposure SPDs with Selenium and TPMOV technology for 
the following new electrical or where indicated: 
1.         Service entrances with very high transient exposure and/or subject to utility 

temporary over voltages and/or projects deemed Mission Critical. 
 

B.         (SPDH) Provide high exposure SPDs for the following new electrical equipment or where 
indicated: 
1.         Service entrance rated above 800 Amps. 
2.         Switchboards located outside. 

 
C.         (SPDM): Provide medium exposure SPDs at the following new electrical equipment or 

where indicated: 
1.         Service entrance rated 401 - 800 Amps. 
2.         Panelboards above 600 Amps. 
3.         Motor control centers. 
4.         Non-service entrance switchboards. 

 
D.        (SPDL): Provide low exposure SPDs at the following new electrical equipment or where 

indicated: 
1.         Service entrance rated 400 Amps and below. 
2.         Panelboards 600 Amps and below. 

 
3.3 TESTING 
 

A. Factory Trained Representative shall provide start-up to include initial verification of 
proper installation, shortest cable connection, and initiate factory warranty. The 
technician will be required to do the following as a minimum: 
1. Verify the installation follows applicable national / local electrical codes related to 

SPDs and the manufacturer's Installation, Operation and Maintenance 
Instructions and recommendations. 

2. Verify overcurrent device rating. 
2. Verify all wiring connections and installation conforms to manufacturer’s 

recommendations. 
3. Record information for each product installed and include in O&M Manual 

 
B. A copy of the Factory diagnostic test report and written approval of the installation shall 

be included with the Electrical Operating and Maintenance Manual. The Contractor shall 
make all adjustments, changes, corrections, etc. as required by the Factory Trained 
Representative so that the installation follows the manufacturer’s installation and 
operation instructions without additional charge to the Owner. 

 
END OF SECTION 
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 SECTION 27 41 33 

 DISPLAY SYSTEMS 

PART 1 - GENERAL 

1.1 GENERAL REQUIREMENTS 
 
A. LED display manufacturers and direct sale representatives are invited to provide a 

proposal based on specifications provided in this document for the Beaumont ISD 
Doggett Family Stadium, 5250 Bayou Willow Parkway, Beaumont, TX 77707 

B. All requirements in this section of the solicitation as well as in other sections of the 
solicitation, Referenced Documents or Practices, and any Amendments to the solicitation 
shall be considered a part of this section. Each Offeror to the solicitation is responsible 
for becoming thoroughly familiar with all its contents as to requirements which affect this 
Section. Contractor is responsible for coordinating all items of this section with the Owner 
and Consultant to ensure that all items of this section are furnished in accordance with 
Owner standards. 

1.2 REFERENCES 
 
A. National Fire Protection Association (N.F.P.A.). 

B. American National Safety Institute (A.N.S.I.). 

C. National Electrical Code (N.E.C.). 

D. Underwriters Laboratories (U.L.). 

E. Electronics Industries Association (E.I.A). 

F. Standard for Electric Signs, UL-48. 

G. Standard for Control Centers for Changing Message Type Signs, UL-1433. 

H. Federal Communications Commission Regulation Part 15. 

I. Project Drawings 

1.3 DEFINITION OF TERMS AND ABBREVIATIONS 
 
A. Provide: to supply and install. 

B. Supply: to supply but not install. 

C. Install: to install but not supply. 

D. OFE: Owner furnished (supplied) equipment. Equipment will be provided to 
contractor for installation. 

E. NIC: Not In Contract. Refers to items that are not included in the scope of work outlined 
in this section but may be shown for coordination purposes or reference. 

F. Future: Equipment that will be provided by owner later. Accommodations shall be 
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provided for future equipment as shown on the drawings. 

G. Contract Documents: This specification and included conceptual display drawings 

H. Consultant: Salas O’Brien 

I. Owner: BEAUMONT ISD ISD 

J. VM: Value Management 

1.4 RESPONSIBILTY AND RELATED WORK  
 
A. Coordinate scheduling of work with the Owner. 

B. The systems described in this section will be called the “Display Systems” and the installer 
will be named “The Contractor.” The Contractor will provide all labor, materials, 
equipment, necessary tools, test equipment, hoisting, transportation, supervision, and 
coordination necessary to complete the installation of the “Display Systems” as described 
in the construction documentation. 

C. The Contract Documents are intended to include or imply all items required for the proper 
execution and completion of the work. 

D. The Display Systems consist of the materials, equipment and systems described in this 
specification, related drawing details, and any schedules that are part of the contract 
documents. This Contract is for equipment, material, installation, and training. The work 
of this section includes complete and operational Display Systems. 

E. The Contractor will provide minor accessories, such as connectors, adapters, matching 
devices, and equipment items needed for a complete system, even if not specifically 
mentioned herein or on the drawings, without claim for additional payment. 

F. The Contractor shall provide complete, turnkey Display Systems, fully tested and ready 
for intended use according to the design intent of the contract documents. 

G. Obtain all insurance, bonding, licenses and permits necessary to complete the work, and 
for operation by the Owner. 

H. Contractor will comply with all union jurisdiction and prevailing wage requirements for the 
completion of the project. 

I. If a conflict is identified between the Contract Documents and the appropriate codes and 
is reported to the Owner and confirmed prior to contract award, the Consultant will prepare 
the necessary clarification or revision. When a conflict is reported after contract award, 
the Contractor will propose a resolution of the conflict and, upon approval, perform related 
work. 

J. Coordinate with other Contractors as required and in a timely fashion to convey all 
information (scheduling, structural, electrical, technical, or otherwise) necessary to 
complete the project. 

K. The Contractor shall be responsible for: 
1. Verification of dimensions and conditions at the project for the display, control 

and replay panels, and control equipment locations prior to 
ordering/manufacturing. 
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2. Submittal of structural calculations with the shop drawing submittals concerning 
final connection of display to provided steel. Calculations and shop drawings 
shall be sealed and signed by a licensed Structural Engineer, in the project home 
state, retained by the Contractor. This will be for the final connection from concrete 
fascia to the display hangers and the End Zone Scoreboard display. 

3. Provision of all transportation and hoisting. 
4. Furnish protective covering during construction/installation to prevent damage or 

entrance of foreign matter. 
5. Replace at no expense to Owner/project, product damaged during delivery, 

storage, or handling. 
6. Provision of safe and protected storage. The owner takes no responsibility for 

damage or theft relating to negligence in failure to secure equipment by The 
Contractor. 

7. Installation in accordance with the Contract Documents, manufacturer's 
recommendations, and all applicable code requirements. 

8. Provision of complete assemblies (sub-structure, enclosure, and finishes) and all 
necessary attachment hardware, and framing. 

9. All required material for a complete watertight enclosure including front border 
metals to protect and finish out the display systems. All displays to include a 2” 
metal framing border or as specified around the entire display. 

10. Provision, termination and testing of all necessary electrical power, signal 
cabling, and remote operation control cabling. All panel and branch circuit 
distribution is by THIS CONTRACTOR. 

11. Provision of all transmission, processing, receiver electronics to distribute control 
signals to the display. 

12. Coordination of any installation of rack mounted devices into equipment racks 
(provided by others) with other related trades with equipment in the same space. 

13. Connecting ground point to all equipment in accordance with NEC code and 
standards specified. Coordinate with Division 26. 

14. Provision of a dielectrically insulated ground joint connection that will isolate any 
conduit systems from the chassis of the rack where conduits enter any equipment 
racks furnished under this section.  

15. UL Certification of all pertinent equipment including control and display systems 
attached with identification labels. If any equipment requiring certification is not 
UL Certified, then The Contractor shall arrange onsite inspections and 
certification at no additional expense to the contract/project. 

16. All control equipment to operate the display shall be located in the primary rack 
room with KVM access at the on-glass scoreboard operator position and Nevco 
operator position. Any necessary signal/control conduit and cable raceways for 
cable runs to and from display components will be provided by others. All fiber to 
be provided by the Contractor. 

17. All submittals detailed within the Contract Documents 
18. Initial tests and adjustments 
19. Final performance testing, calibration, and adjustment prior to first use. 
20. Maintenance services contract, warranty for equipment and workmanship. 
21. Provision of required shelving and inventory labels for all spare equipment. 
22. Provisions of pre-event cleaning of the displays within 14 days of the first event 

held in facility for the first year. 
23. Provide protection for the existing finishes during installation. Any damage 

caused during construction is the full responsibility of the Contractor to repair or 
replace at no additional cost. 
 

1.5 PROJECT SCHEDULE 
 
A. Coordinate with the Owner for all final scheduling of work. 
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1.6 SYSTEMS DESCRIPTIONS 

 
A. LED Displays 

1. Main Scoreboard 
a. 60’ W x 31’-5” H, 10mm 

 
B. Full System Base Warranty, 10 Years. 

1. Warranty to include at no cost to the owner: 
a. Factory repair of failed parts 
b. Shipping to and from the site. 
c. Labor to replace failed parts. 
d. Reconfiguration and recalibration of any display due to a failure. 

 

C. Maintenance Plan 

1. Provide 2 technicians for the following: 
a. 2 Days onsite for Pre-Season startup maintenance. 
b. Event Day coverage including startup and adjustments as required for 

first event. 

1.7 SUBMITTALS 

A. BID SUBMITTALS 
1. Offeror’s bid shall be valid for 120 days without claim for additional payment. 

 
2. Offeror must have previously installed at least five jobs using similar product and 

similar display size to the job described in the solicitation. The jobs of similar 
product must been completed within the last five years within the USA. In your 
proposal, submit name, phone number, and current email address of contact 
person for each representative project reference. Also, in your proposal, identify 
at least one such completed job available for inspection by the Consultant and 
Owner’s Representatives.  

3. In its proposal, Offeror will confirm in writing that it has at least five years of 
experience with equipment and systems of the types specified in the solicitation, 
that it maintains a fully staffed and equipped service facility in the region of the 
United States that includes the project home state, and that it is franchised dealer 
and authorized service facility for any equipment used on the contract project not 
manufactured by the offeror, and that the offeror is properly licensed to work in 
the project home state. 

4. In its proposal, Offeror must summarize their process to include but not limited to 
procurement of LEDs, module assembly, cabinet assembly, quality control points 
and final testing procedures. 

5. In its proposal, Offeror will confirm in writing that any Sub-contractor it uses in 
performance to contract has five years of experience with the primary contractor’s 
/ offeror’s equipment and systems and that the subcontractor’s company is 
properly licensed to work in the project home state. In its proposal, Offeror will 
identify all Subcontractors on the Proposal Response team and provide a detailed 
scope of work for each Subcontractor it plans to use in performance to contract. 

6. In its proposal, Offeror will submit resumes of its project manager, lead engineer 
and lead installers that will be working on the contract project. This will include 
key team members of any Sub Contractor that the offeror plans to use in 
performance to contract. Resumes must be submitted with offeror’s proposal 
response. 

7. In its proposal, Offeror will submit preliminary power requirements for its proposed 
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display, submit viewable dimensions and horizontal/vertical physical pixel count 
of its proposed display, submit preliminary total weight and structural calculations 
for its proposed display. 

8. In its proposal, Offeror will submit a schedule to indicate durations for shop 
drawing submittal, procurement, and fabrication, shipping requirements, 
installation timelines for each major system and test and commissioning 
sessions. Coordinate these milestone dates in the schedule with project schedule 
and intended completion dates for the contract project in the solicitation. 
 

B. PROJECT SUBMITTALS: 
1. Product Data Submittal: Contractor shall submit manufacturer's product data 

sheets for each item of equipment to be used for the contract project in electronic 
form via email as PDF electronic files. 

2. Shop Drawings Submittal: Contractor shall indicate complete details and 
dimensions of work to be performed and indicate types and locations of 
equipment, fabricated equipment, and other details to completely describe work 
to be performed. 

3. Contractor shall submit the above information via email as PDF electronic files 
for review and distribution to the Owner and the consultant. There shall be no 
contract work authorized on site without the prior submittal of a complete set of 
shop drawings. Any exceptions to this contractual requirement must be in writing 
and approved by the Owner. Details to include the following: 
a. Dimensioned Plan, Elevation and Section Views of all displays. 
b. Drawings showing and connection of the installer supplied equipment to 

the structure at each different condition. 
c. Wiring diagrams. Complete, detailed wiring diagrams for all systems 

including cable types, identification and color codes, and detailed wiring 
of connections, both at equipment and between equipment racks and 
wiring in conduit. 

d. Proposed Control and Relay Panel locations (Plan). 
e. Location of all equipment in racks, consoles, millwork, enclosures with 

dimensions; wire routing and cabling within housings; AC power outlets, 
terminal strip and UPS locations. 

f. Conduit riser diagrams for all systems. 
g. Schematic drawings of any custom circuitry or equipment 

modifications, including connector pinouts and component lists. 
h. Equipment rack elevations. 
i. Schedule of terminations for all systems. 
j. Terminal strip layouts for all proposed terminal strips. 
k. Power consumption at 50 % and 100 % illumination levels for each 

display.  

C. CONTRACT CLOSEOUT SUBMITTALS 
1. Contractor shall keep a single complete set of approved shop drawings on the 

project site for the full duration of the project until after the final system 
commissioning. Contractor shall note any changes made during installation on 
these single set of drawings. Contractor shall submit three corrected sets of 
reproducible drawings showing work as installed. All “as-built” drawings are to 
be submitted both in electronic form (ACAD 2021 or later) and in hard copy 
(42”x30”). 

2. Owner Reference Manual: Before owner training commences, Contractor shall 
submit the following as Adobe .pdf files on 3 USB drives and as hard-copy in a 
single 3 ring binder with project title. Contractor shall submit individual sub-
directories/tabular dividers with the following headings: 
a. A legend with acronyms and abbreviations. 

b. A catalog of all equipment, organized by manufacturer, model, serial 
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number, including the room and rack number where the device is 
located. 

c. System Operation Instructions: Narrative verbiage with photographs 
and diagrams detailing operational procedures for all equipment as a 
system. 

d. Manufacturer's User Manuals for all equipment. 
e. Warranty Information for all equipment. Include warranty period and 

service department contact information. 
f. System Maintenance Instructions: Narrative verbiage with photographs 

and diagrams detailing owner’s responsibilities for preventative 
maintenance to include schedules and any specific products, procedures 
or specialized/custom tools required for maintenance of the display 
system. 

g. As-Built Drawings fully legible at C size (24”x18”) bond folded appropriately 
for binder. 

h. A list of all test results performed on the systems as outlined in Section 
3.4 proving the systems to be in full compliance. 

i. A list of spares in inventory to include quantity, manufacturer, model 
number, and serial number. 

1.8 CODE COMPLIANCE 

A. All work performed by the Contractor and materials used by the Contractor in performance 
to the contract shall comply with all applicable codes and regulations to meet or exceed 
Federal, State, City, and Local Building Codes and Regulations (including seismic). 
Contractor shall advise the Owner if anything in the Drawings or Specifications is out of 
compliance with codes and/or laws prior to proposal submission. 

1.9 PROJECT CONDITIONS 

A. Contractor shall notify the Owner in writing of any issues on the job site negatively affecting 
the contractor’s pursuance of work under their scope. Contractor shall submit 
recommendations for resolution and assist in coordinating solutions with other trades. 

B. Contractor shall verify position and elevation of structure and its layout for display 
equipment. Contractor shall verify dimensions by field measurements. 

C. Contractor shall verify during the design phase scoring tables do not impede access to 
courtside floor boxes while in game position. 

D. Contractor shall verify mounting structure can support the display system weight loads in 
addition to any required attachment and structural support metals. 

E. Electric circuits and whips to connect to each display cabinet at each catwalk level for the 
display will be provided by the owner. 

1.10 GUARANTEES 

A. Contractor shall warrant labor and materials on the display systems for TEN (10) years 
following the date of Final Owner Acceptance as base offering. 

B. Within the warranty period, Contractor shall:  
1. Make available an exchange program to supply replacement parts for components 

that fail during the coverage period. To minimize downtime, the exchange parts 
will be shipped on the same day the order is received or on the following day. The 
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manufacturer will also enclose an air bill for return of the defective components. 
2. Make available a help desk staffed by experience technicians and coordinators 

who are thoroughly familiar with the scoreboard and matrix display products and 
available for technical support. This contractor help desk staff must be available 
at no additional cost to the customer and provide an "on-call" service during 
weekends. 

3. Make available access to a local Authorized Service Company that can repair or 
replace any faulty item the next day without charge, including parts and labor and 
assist owner’s staff in replacing, reprogramming, or recalibrating this equipment 
to make entire system functional. 

C. This warranty shall not void specific warranties issued by manufacturers for greater 
periods of time. Nor shall it void any rights guaranteed to the Owner by law. 

D. Contractor will make available to Owner the exact beginning and ending dates of the 
warranty period. Include the name of the person to call for service and telephone number. 
This information is to be part of Project Record Set. 

E. Contractor shall submit alternate pricing for extended maintenance contracts on displays 
and control systems based on the above criteria. 

PART 2 - PRODUCT 

2.1 MANUFACTURERS 

A. Recommended Display Manufacturer’s and Direct Sale Representatives. 
1. Manufacturers identified in this specification are listed as a standard of quality. 

Regardless of the length or completeness of the descriptive paragraphs herein, 
each device included in proposals submitted by offerors shall meet or exceed all 
the specifications. It is the offeror’s responsibility to verify performance of 
intended equipment as required prior to proposal submittal. 
a. SNA 
b. Nevco 
c. Daktronics 
d. LED Partners 

 
2. If it is determined during the evaluation process that each device included in an 

offeror’s proposal does not meet all the specifications, then that offeror’s proposal 
will be deemed “non-responsive” and removed from further consideration. 

B. All equipment supplied will be new and meet the latest published specifications of that 
product. Take care during installation to prevent scratches, dents, chips, etc. 

C. If product is discontinued and/or no longer publicly advertised as a part of a 
manufacturer’s current product line-up at time of installation, the project team reserves 
the right to request a substitution of product for new and currently offered product of like 
function fulfilling the design intent. Substitution value will be based on fair market value 
of original product at time of bid. 

2.2 SYSTEM REQUIREMENTS 

A. Technical and Engineering Standards 
1. General 

a. Large format display systems shall allow repair from the rear and shall 
allow “hot” repair while the system is operating. 
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2. LED Display Systems 

a. The display systems will be comprised of full color LED pixel 
technology capable of 10,000 cd/sq.m pixel brightness with full white 
(100 IRE) input. 

b. Brightness of individual adjacent LED’s must vary no more than 2%, and 
no more than 10% across the entire display. 

c. Minimum effective color pixel density of 250,000 pixels/m2 with LED 
physical pixel density of 2mm in a flicker-free display.  

d. Minimum effective color pixel density of 160,000 pixels/m2 with LED 
physical pixel density of 2.5mm in a flicker-free display. 

e. Minimum effective color pixel density of 57,600 pixels/m2 with LED 
physical pixel density of 4mm in a flicker-free display. 

f. Minimum effective color pixel density of 25,600 pixels/m2 with LED 
physical pixel density of 6mm in a flicker-free display. 

g. Minimum effective color pixel density of 14,000 pixels/m2 with LED 
physical pixel density of 8mm in a flicker-free display. 

h. Minimum effective color pixel density of 9,200 pixels/m2 with LED physical 
pixel density of 10mm in a flicker-free display. 

i. The display system will be equipped with an illumination sensor exterior 
to the display and allow for both automatic and manual control of preset 
illumination levels in at least 10% increments up to 100%. 

j. The display must be capable of 140-degree minimum horizontal angle of 
viewing and 30 degree upper and 60 degree lower minimum vertical 
angle (defined at 50% brightness and zero color shift). 

 
3. Control and Signal Processing/Distribution Systems. 

a. The Contractor shall provide all user interface, transmission, and 
processing software; all electronics; and all cabling to independently 
place, size, tile, layer, and control High Definition (3G-SDI SMPTE 424M) 
and future 4K (12G-SDI SMPTE ST 2082). 

b. All SDI video signals will be handed off in the production rack room. 

c. Primary and redundant video signals will be provided by the owner. A total 
of 4 signals will be fed from a local router: 2 primary, 2 redundant. The 
Contractor must provide single mode fiber transmitters/receivers if 
beyond coax distance limits for the project format. 

d. The Contractor is responsible for media playback servers for the game 
presentation. Additionally, the Contractor is responsible for providing a 
single media playback device for an emergency message on a minimum 
36’ x 4’ portion of displays. 
1) Contractor, with owner input, shall create a football game 

template for video and scoring, as well as a full screen video 
replay preset (provided by video system 274130), and program 
an effect-driven transition between the two. 

2) Additionally, the Contractor shall create a generic event template 
for full video playback for events such as convocations. 

e. All control equipment to operate and provide signal to the displays shall 
be located in the production control room. The Contractor shall provide all 
connections, cabling, and terminations between display, operating 
equipment, and the production control rack room. 

f. The Contractor will provide systems for remote power up and shut down 
of the displays, systems will allow displays to be turned on and off from 
the video production equipment room in addition to within the displays. 

g. Racks to be provided by the contractor and installed in AV1.24 
(BD.VR.W01 and BD.BR.W02). Provide all power distribution, lacing 
bars, fan top, and other accessories required to professionally install 
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equipment and wire. Provide rack blanks to fill all unused front rack 
spaces (no greater than 5RU blanks) 
1) BGR-4532 (Qty: 1 or 2 as required) 

h. The Contractor shall provide one remote control user interface station in 
the rack room to provide complete control of system input, display power 
up/down, freeze, position, size, aspect ratio, color, hue, contrast, 
brightness, and delay for use in setup, testing and operation. 

 
B. Game Clocks (EXISTING) 

1. Install game clocks and pull cables to Scoring/timing system 
2. Clocks 

a. 4” red digit – 8”x1’-3”x3.25” or similar (Qty: 5) 
 

C. KVM  
1. Coordinate with 274135 contractor such that all LED processors, including this 

specification and 274135, are on the same KVM system and can access all LED 
processors from the Nevco station, or the on-glass scoreboard operator location. 
274133 will provide matrix hub. 274135 will provide the user station KVM and 
CPU transmitter for Nevco station. 

2. User station installed in BER (District AV Equip. Room 1.50J, rack VP.VR.W02) 
1) LG IPS 22” LED Display 
2) Havit KB487L-US mechanical keyboard 89 key 
3) RSF1111BK21F4K2 1U Compact Rack Mount Keyboard Drawer with 

Retractable Mouse pad 
4) Middle Atlantic RM-LCD-PNLK (Qty: 1) 
5) Sanwa GMATB44 wired trackball mouse 
6) KVM user station receiver 
a. The Contractor shall provide computer interfaces for all CPU devices in 

their scope. 
1) KVM CPU transmitter (1 per CPU) and matrix – installed in West AV 
Equipment Room 1.24. 

b. Processing and control equipment shall allow for external control of input 
selection and transitions via GPI triggers and/or RS-422/232 serial control 
protocols such as E-MEM or P-BUS. 

c. Processing and control equipment to receive an emergency contact 
closure and to display an emergency message independent of any video 
production control equipment. 

d. The Contractor will provide backup processing and transmission 
equipment in duplication of primary systems with equipment for manual 
switchover, distribution amplification, and/or splitting of all necessary 
control, data and signal cabling. 

e. The Contractor shall provide Diagnostic Software to assist the Owner in 
diagnosing, isolating and repairing deficiencies in the display and control 
system, including defective elements. 

f. The Contractor shall provide uninterruptible power supply systems for all 
computer interface and computer processing systems sufficient to allow 
proper shut down of operating systems in a power outage. 

a. APC Smart-UPS 2200VA RM 2RU LCD 120V (Qty: as required) 

g. The Contractor to provide new sports interface for scoring and to be 
located in the press box at the scorer’s position (room 1.47A) and shall 
interface with all game clocks/scoreboards. 

h. The Contractor shall provide a stats/scoring interface to a broadcast 
character generator (by others) and the OFE Nevco LED processors (by 
others) that will port data and be displayed on the main screens via the 
broadcast switcher. Both of these systems are in 1.50J. 

3. Control and Signal Processing/Distribution Cabling 
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a. Installation shall include all required and operationally necessary low 
voltage control and fiber optic cabling in unbroken/unspliced home runs 
from the Rack Room to each display component. 

b. See schedule of wire types to be used. 

4. Structural Engineering 
a. The display systems shall be designed, fabricated, and installed by the 

Contractor in their entirety. 
b. All necessary supporting structure, catwalks, stairways, access doors 

and access ladders (including fall arrest systems to code) are not part of 
The Contractor’s scope of work.  

c. For display systems that are to attach to facility structure, reference 
project drawings. The Contractor shall be responsible for field verification 
of existing conditions, submittal of shop drawings illustrating details of 
structural connection of display to facility structure, and submittal of 
structural calculations demonstrating compliance of display connection to 
facility structure to all building code structural requirements. Shop 
drawings and calculations shall be sealed and signed by a licensed 
Structural Engineer in the project home state, retained by the Contractor. 

d. Provide electrolytic protection between different adjoining metals. 
5. Electrical 

a. All power distribution from the disconnect to the sign to be provided by the 
owner. 

b. The Contractor is responsible for all power distribution inside the LED 
display as required. 

6. Spares 
a. Supply 2% spare parts of display module type. 
b. Supply 1% spare parts of all data and signal distribution components. 
c. Provide shelving for the storage of all spare equipment. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Coordinate work with other trades to avoid causing delays in construction schedule. 

B. Mount equipment and enclosures plumb and square. Permanently installed equipment 
to be firmly and safely held in place. 

C. Cover edges of cable pass-through holes in enclosures, chassis, racks, boxes, etc., with 
rubber grommets or Brady GRNY nylon grommetting. Adhesive-backed electrical tape 
and friction tape is not acceptable for insulating or protective purposes. 

D. Provide ventilation adequate to keep temperature within equipment racks below 85 
degrees Fahrenheit. This ventilation system must be temperature actuated. 

E. Provide a non-fluorescent service lamp in the top of each equipment rack. 

F. Provide blank rack-mount panels installed in all rack openings not occupied by 
equipment. Blank filler panels will not exceed five rack units in size. Custom rack panels 
shall be 1/8-inch- thick aluminum, standard EIA sizes, brushed black anodized finish 
unless otherwise noted. 

G. Install rack mounted equipment with black 10-32 Phillips head machine screws. 

H. Panels or equipment mounted on the rear rack rails must not block access to any front 
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mounted components. Front mounted equipment will be given ample space to allow for 
access to rear connection. 

3.2 CABLING 

A. Exercise care in wiring; damaged cables or equipment shall not be accepted. Isolate 
cables of different signals or different levels; and separate, organize, and route to restrict 
channel crosstalk or feedback oscillation. 

B. Wiring entering equipment racks and enclosures will be run directly to equipment. Use of 
splices or connectors to extend cabling to equipment will not be accepted. 

C. Wiring and connections will be completely visible and labeled in equipment racks and 
enclosures. 

D. Horizontally routed wiring to equipment will be managed with lacing bars and should 
include a service loop for future adjustments and terminations. 

E. For equipment mounted on slides, additional service loops will be provided to 
accommodate the full range of travel of the slides. 

F. Neatly bundle excess AC power cables from rack-mounted equipment with plastic cable 
ties. Rack wiring to be bundled with plastic cable ties or hook and loop tie wraps. 

 

G. All cables in cable trays shall be neatly installed with maintaining separation of the 
different cable types. 

H. Screw Connections: Only insulated crimp on spade terminals will be used for application 
to barrier strips. Multiple gang lugs or ring lugs are not acceptable for this purpose. 
1. This is only applicable to stranded conductor wires. Solid conductors will be 

attached directly to the barrier strip. 
2. All conductors will be stripped prior to installation underneath screws on terminals. 

Provide crimp lugs on stranded control cables, solid conductor wire will not 
require crimp lugs on individual conductors. All screw terminated solid 
conductors will be wrapped in the same direction as screw rotation during 
tightening. 

I. Multiconductor Cables: Follow a uniform application of color codes for multiconductor 
cables throughout the Facility. Where there are unused conductors or pairs in a cable 
assembly, they can be insulated as a group, left long enough for future termination, and 
folded into the connector hood. Where this is impractical, they may be folded back along 
the outer jacket of the cable and covered with heat-shrinkable tubing. 

3.3 LABELING 

A. General 
1. The attachment method for equipment identification plates will be designed for 

permanency unless otherwise described. All labels will be protected prior to 
installation and will not be installed if damaged or scratched. Follow 
manufacturer's recommended procedure for surface preparation, which must be 
free of any dust, dirt, or film. 

2. On black lamicoid panels or pushbuttons, letters shall be white; on stainless steel 
or brushed natural aluminum plates, or light-colored pushbuttons, letters shall be 
black. 
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3. Mount labels in a neat, plumb, and permanent manner except where indicated. 

B. Rack Labels 
1. Provide engraved lamicoid labels with the Rack Number on the front of each rack 

in 1” high Arial text. 
 

C. Panel Labels 
1. Provide engraved labels for all terminations in 1/8” high Arial text. 
 

D. Cable Labels 
1. Cables and wiring to be logically, legibly and permanently labeled for easy 

identification. 
2. Labels on cables to be adhesive strip type covered with clear heat-shrink tubing. 
3. Factory stamped heat shrink tubing may be used in lieu of the adhesive strip style 

label. 
4. Hand-written or self-laminating type labels are not acceptable. 
5. Wiring designations to be an alphanumeric code that is unique for each cable. 
6. Locate the cable designation at the start and end of each cable run and within 2 

inches of the point of termination or connection. 
7. Actual cable designation assignments to be determined by Contractor. 
8. Add cable designation codes to system schematic drawings included with 

Project Record Drawings. 

3.4 TESTING 

A. During all consultant walkthroughs, the Owner’s Representative will be present. 

B. If during acceptance testing it becomes evident that further adjustment or work may be 
required to bring the system into compliance, the Contractor will continue to work until the 
system is acceptable at no additional charge over the contract price. If approval is 
delayed because of defective equipment, poor installation, or failure of equipment to meet 
the requirements of these specifications, the Contractor will pay for additional time and 
expenses of the Consultant at their standard rate in effect at that time, during any 
extension of the acceptance testing period. The Contractor will provide rental or loaner 
equipment to make the system operational in critical cases of equipment failure prior to 
contract completion. 

 

C. Make available three portable UHF business band radios for use during acceptance 
testing. Radios should have a transmission range sufficient to cover entire project. Radios 
to include rechargeable batteries and re-charger along with "holster" for wearing on belt. 
Radios to be available for duration of testing process, including any follow-up visits 
required prior to final acceptance. Confirm that radio frequencies used are not in use 
elsewhere on project site. 

D. System Tests 
1. The following procedures will be performed prior to testing of System: 

a. Control functions shall be checked for proper operation, from controlling 
devices to controlled devices. 

b. Adjust, balance, and align equipment for optimum quality including 
brightness, viewing angles, brightness uniformity, black level uniformity, 
color uniformity, hue uniformity, pixel mapping, scaling and resolution of 
video image to meet the manufacturer’s published specifications. 

c. Allow for a continuous 48-hour period of “Burn In” running a looped test 
signal including equal intervals of Black, Green, Red, Blue and 100% 
White. 
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2. Display Power Down and Up Again: 

a. Display shall be adjusted to 6500K color temperature. 
b. Display shall be set at full brightness level with a standard 100 IRE white 

signal as its source. Screen will be allowed to stabilize and display 
controls shall be adjusted for a uniform brightness across the display. 

c. Both display and processing platform will be powered down together 
completely and then immediately powered up again. 

d. This procedure will be performed twice more in succession. 
 

3. Uniformity At All Viewing Angles: 
a. Display shall be set at a brightness level appropriate for the facility. 

Screen will be allowed to stabilize and display controls shall be adjusted 
for a uniform brightness across the display. 

b. A signal generator will be used to generate each of the following colors for 
examination 
1) White (100 IRE) 
2) Black (7.5 IRE) 
3) Green 
4) Red 

5) Blue 
6) Cyan 
7) Magenta 

c. A “walk around” will be performed viewing the display at all possible 
angles of the display for each of the colors. 

d. Display (and overall processing) will be examined for module-to-module 
uniformity and pixel to pixel uniformity. 

e. Display will be measured using a spot photometer to verify 
manufacturer brightness and viewing angles. 

 
4. High Contrast Image Performance: 

a. Display will be viewed in many lighting conditions. 

b. Display shall be set at a brightness level appropriate for each lighting 
condition. Screen will be allowed to stabilize and display controls shall be 
adjusted for a uniform brightness across the display. 

c. Display (and overall processing) will be examined for trueness of team 
colors, gamma and contrast handling. 

 
5. Control functions shall be checked for proper operation, from controlling 

devices to controlled devices. 
6. Installed, loose and spare equipment shall be inventoried for correct quantity. 
7. Any other test on any piece of equipment or system deemed appropriate by 

Consultant. 
8. The omission of a description of a device, function, signal path, or test in this 

document shall not exempt the Contractor from responsibility for checking all 
devices and signal paths for appropriate compliance with Industry Performance 
Standards and making corrections necessary to bring system(s) into compliance 
with the applicable standards.  

3.5 TEST EQUIPMENT 

A. Make available the following equipment on site for final acceptance testing. Test 
equipment to be available for the entire period through final system acceptance. Prior to 
start of testing, submit a list to the Consultant of test equipment make and model numbers 
that will be used. 
1. Megohmmeter. 
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2. Multimeter: Measurement range, DC to 20,000 Hz, 100 mV to 300 V, 10mA to 
10A. 

3. Spot Photometer. 
4. CAT5E/CAT6 cable tester. 

3.6 ACCEPTANCE 

A. Preparation for Acceptance, prior to final inspection: 
1. Temporary facilities and utilities shall be properly disconnected, removed, and 

disposed of off-site. 
2. All systems, equipment and devices shall be in full and proper adjustment and 

operation, and properly labeled and identified. 
3. All materials shall be neat, clean, and unmarred and parts securely attached. 
4. All damage occurring to the facility, including broken glass, walls, doors, etc. 

shall be replaced or properly repaired and debris cleaned up and discarded. 
5. All extra materials, portable equipment, and spares shall be delivered and 

stored at the premises as directed. 
 

B. Submit a pre-commissioning systems report to the Owner and Consultant two weeks prior 
to the scheduled systems commissioning proving all systems to be in full compliance. 
Report shall include test results, date of each test, pertinent conditions such as control 
settings, etc., and test equipment employed. In addition, submit written notification that 
the installation has been completed in accordance with the requirements of this document, 
and is ready for acceptance testing. 

C. Acceptance testing will include operation of each major system and any other 
components deemed necessary. Contractor will assist in this testing and supply required 
test equipment. Contractor will make available at least three technicians familiar with 
installation, available for the entire testing period (day and night), to assist in tests, 
adjustments, and final modifications. Tools and material required to make any necessary 
repairs, corrections, or adjustments will be submitted by the Contractor. The Contractor 
will keep a running list of all acceptance tests performed and submit a final copy of the 
results with the closeout submittals as listed in Part 1.6. Testing process is estimated to 
take 1 day up to 10 hours and may require multiple crews/ shifts. 

3.7 INSTRUCTION OF OWNER PERSONNEL 

A. Upon completion of the installation of the specified display systems, and prior to any 
facility events, make available designated operating personnel training on the equipment 
operation. This training will be performed at the site by the Contractor’s and the 
manufacturer's education staff. 

B. The System Reference Manuals must be complete and on-site prior to the time of the first 
instruction. 

C. Make available trained personnel (two technicians) to be present during a minimum of 
three Owner designated events. More events may be added at no charge to the Owner if 
the system is not functioning appropriately. 

D. Coordinate schedule of instruction with the Owner subject to availability of Owner’s 
personnel. This may require scheduling instruction during weekends or evenings. 

E. Training will be provided in a series of classes to operations personnel to review all 
aspects of operation and maintenance of the system. Follow-up sessions to better 
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enhance the operator's ability to expand or maximize the system will be made available. 

F. The system training will include one (1) day or 10 hours of technical training covering the 
explanation of the system, including documentation, configuration, interfacing and 
diagnostics. Make available training of the system operators and maintenance personnel 
as follows:  
1. System Overview: Explanation of system includes documentation, configuration, 

interfacing and basic diagnosis. 
2. Operator Training: Training in the use of system devices including powering and 

general operation of overall systems. 
3. Maintenance/Trouble Shooting: Advanced training in display and control 

system troubleshooting and maintenance. Manufacturer’s representative will 
conduct scenario- based training creating isolated system failures requiring 
owner to investigate and solve system failure problems as a means of gaining 
hands on knowledge of the systems. 

 

 END OF SECTION 
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