
 

 

 

 

 

 

 

 

 

 

 

 

 

DIVISION 26 

 

ELECTRICAL 
 

 

 

 
 

 

 

 

 

 

 

 

 
BUSHEY FEIGHT MORIN ARCHITECTS INC.   

473 NORTH POTOMAC STREET 

HAGERSTOWN, MARYLAND 21740 

301-733-5600     FAX: 301-733-5612 
 

 



 

Bowman Development Corp.      COMMON WORK RESULTS FOR ELECTRICAL          26 05 00-1 

Urban Educational Complex 
 

                                   SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL 

 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

and other sections of Electrical and Special Construction Divisions.  

 

1.2 SUMMARY 

 

A. This section includes qualification requirements of the installer and suppliers, 

submittal procedures, record keeping, required testing and general electrical 

procedures. 

 

B. Section Includes: 

  

1. Additional submittal requirements. 

2. Installer and product requirements. 

3. Identification of equipment. 

4. Firestopping for electrical installations. 

5. Supporting devices for electrical components. 

6. Concrete equipment pads. 

7. Equipment bollards. 

8. Fuses. 

9. Equipment connections. 

10. Cutting and patching for electrical construction. 

11. Touch up painting. 

12. Electrical demolition. 

13. Project conditions. 

14. Additional warranties. 

15. Utility coordination. 

 

C. Related Sections: 

 

1. Section “Low Voltage Electrical Distribution” for concrete pad or bollard 

requirements. 

2. Section “Low Voltage Transformers” for concrete pad requirements. 

3. Section “Low Voltage Controllers” for motor control center concrete pad 

requirements. 

 

D. Products installed but not supplied under this Section:  
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1. Provide electrical connections and materials required for the installation of 

the following: 

a. Countertops, Casework & Cabinets. 

b. Modular office partitions and panels. 

c. Exhaust hoods. 

d. Manufacturing equipment. 

e. Break room and lounge food service equipment/appliances. 

f. Kitchen and food service equipment. 

g. Magnetic door holders. 

h. Electrically locked doors, door strikes, maglocks, etc. 

i. Motorized and automatic doors, push plates, sensors, etc. 

 

2. Coordinate electrical connections with installation requirements and 

manufacturers’ nameplates and written instructions. 

3. Verify equipment nameplates and connection requirements prior to rough 

in. 

 

E. Permits and Fees: 

 

1. Apply, pay for and secure all permits, required by the Authorities Having 

Jurisdiction prior to start of work, in accordance with contract General 

Conditions and Division 01. 

2. Deliver all certificates to the Owner prior to final acceptance of work. 

 

3. File and pay all fees associated with such filing for inspections of work by 

an independent electrical inspection firm. 

 

F. Conflicts: 

 

1. Where variances occur within drawings and/or specifications, procedures 

of the General Conditions shall be followed. 

2. In cases where clarification is not requested, provide the item or 

arrangement of better quality, greater value, or higher cost in the Contract 

Price. 

3. Bring to the Architect's attention, any field conflicts or existing conditions, 

which prevent the intended work as designed. 

 

1.3 ACRONYMS 

 

A. The following acronyms are used throughout the Electrical Division 

specifications, defined as follows: 

 

1. AASHTO  American Association of State Highway and Transportation 

Officials 

2. ADA   Amer. With Disabilities Act 
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3. ANSI   American National Standards Institute 

4. ASME   American Society of Mechanical Engineers 

5. ASTM   American Society for Testing and Materials 

6. IBC    International Building Code 

7. IEEE  Institute of Electrical and Electronics Engineers 

8. ETL   Electrical Testing Laboratory 

9. FM  Factory Mutual Research Corporation 

10. NEC  National Electrical Code 

11. NECA   National Electrical Contractors Association 

12. NEMA   National Equipment Manufacturers Association 

13. NESC   National Electrical Safety Code 

14. NETA  National Electrical Testing Association 

15. NFPA  National Fire Protection Association 

16. NLPI  Lightning Protection Institute 

17. UL  Underwriter’s Laboratories 

 

1.4 DEFINITIONS 

 

A. Products:  Items purchased for incorporating into the Work, whether purchased 

for Project or taken from previously purchased stock. The term product includes 

the terms material, equipment, system, and terms of similar intent. 

 

1. Named Products: Items identified by manufacturer's product name, 

including make or model number or other designation, shown or listed in 

manufacturer's published product literature, which is current as of date of 

the Contract Documents. 

2. New Products: Items that have not previously been incorporated into 

another project or facility, except that products consisting of 

recycled-content materials are allowed, unless explicitly stated otherwise. 

Products salvaged or recycled from other projects are not considered new 

products. 

3. Comparable Product: Product that is to be demonstrated and approved 

through the submittal process, or where indicated as a product substitution, 

to have the indicated qualities related to type, function, dimension, 

in-service performance, physical properties, appearance, and other 

characteristics that equal or exceed those of specified product. 

 

B. Substitutions: Changes proposed by Contractor in products, materials, equipment, 

and methods of construction required by the Contract Documents. 

 

C. Basis-of-Design Product Specification: Where a specific manufacturer's product 

is the only named manufacturer or is the “first” named manufacturer, or is 

accompanied by the words "basis of design," including make or model number or 

other designation, to establish the significant qualities related to type, function, 

dimensions, in-service performance, physical properties, appearance, and other 
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characteristics for purposes of evaluating comparable products of other named 

manufacturers. 

 

D. Manufacturer's Warranty: Preprinted written warranty published by individual 

manufacturer for a particular product and specifically endorsed by manufacturer 

to Owner  

 

E. Extended Warranty:  Written warranty required by or incorporated into the 

Contract Documents, either to extend time limit provided by manufacturer's 

warranty or to provide more rights for Owner. 

 

1.5 SUBMITTALS 

 

A. General:  Submit each item in this Section according to the conditions of the 

contract and Division 01 Specification Sections. 

 

B. Comply with Division 01 Section "Submittal Procedures". 

 

C. General: 

 

1. Material and Equipment List 

2. Shop Drawings 

3. Product Data 

4. Installation and Coordination Drawings 

5. Record Documents 

6. Operation and Maintenance Manuals 

7. Construction Phasing and Outage Schedule 

 

D. Submittal Deviations from Contract Documents: 

1. Submittals shall explicitly identify any deviations from the drawings, 

specifications or design intent, including, but not limited to: 

a. Different products used. 

b. Products used in different locations from where shown or 

specified. 

c. Changes to intended application, location, etc.  

d. Changes to capacity, rating or sizes. 

e. Differences in physical sizes, dimensions and/or weights which 

will create installation, clearance or access problems or Code 

violations. 

2. Contractor shall clearly and specifically identify each such deviation, 

substitution or change to the contract documents to Architect’s attention 

via note, clarification, etc.  It is NOT considered to be explicitly identified 

simply by showing a device on the plans or including a product page in the 

submittal. 
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E. Basis-of-Design Comparable Products Submission: 

 

1. Contract Drawings are based on only the named “Basis of Design” 

products. 

2. Engineer has not verified that any Comparable Products by manufacturers 

other than the “Basis of Design” equipment will properly fit, perform or 

meet the design intent and contract documents.   

3. Contractor must verify sizes, ratings, dimensions, clearance requirements, 

weight, etc. of any/all manufacturers.  Contractor is responsible for the 

fitment of their proposed equipment, and resulting impacts to other 

construction or disciplines, Code compliance, etc. 

4. Document each Submittal, Comparable Product or Substitution request 

with supporting data substantiating compliance of proposed product with 

Basis-of-Design product.   

5. Use the attached “Comparable Product Submittal Form” in addition to the 

requirements specified herein. 

6. Comparable products will not be reviewed without completion of the 

attached form. 

 

F. Product Substitutions:  Comply with all requirements of Division 01. 

 

G. Comparable Products Submission: 

1. Document each request for a proposed comparable product with 

supporting data substantiating compliance of proposed product with Basis-

of-Design product.   

2. Use the attached “Comparable Product Submittal Form” in addition to the 

requirements specified herein. 

3. Comparable products will not be reviewed without completion of the 

attached form. 

 

H. Coordination of Submittals: Coordinate Electrical and Special Construction 

Division submittals with those of all other Divisions. 

 

I. Electrical Division additional submittal requirements: On projects where Div 01 

does not specify otherwise, and where Owner does not have a defined submittal 

procedure, provide submittals, as follows: 

 

1. Clearly identify all submittals, as follows: 

a. Number each submittal starting with the specification section 

associated with the product(s). Each successive product from same 

spec section shall utilize a sequential suffix (i.e. -01, -02). 

b. Following each number, include specific English name of each 

product. (i.e. Spec Section # - Panelboards). 

c. Do not combine product data from different spec sections into a 
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single submittal package as this may prevent approval of one 

product due to resubmission requirement of another.  

d. Provide catalog spec and/or data sheets to completely describe 

proposed equipment.  A product model number alone, with no 

supporting description or data will not be approved. 

e. Where numerous model or product numbers appear, clearly 

indicate the exact type, model number, size, options, and special 

features of the proposed item.   

f. Factory order forms showing only required capacities, are not 

acceptable.  

g. Identify all options furnished to meet specifications. 

h. The Architect shall not select or mark equipment ratings and/or 

options.  Submittals not properly and specifically marked shall be 

returned without review. 

2. Identify any discrepancies in the contract documents affecting submittals 

and seek clarification. 

 

J. Material and Equipment List: 

 

1. Submit within 30 calendar days after the award of contract for preliminary 

review. 

2. List all proposed materials and equipment. 

3. Indicate proposed manufacturer(s). 

4. No further submittals will be reviewed until this list has been submitted 

and approved.  

5. Identify missing items and the reason for their absence. 

 

K. Product Data: 

 

1. Manufacturer's specifications, data sheets. 

2. Catalog cuts. 

3. Dimensional drawings. 

4. Installation Instructions. 

5. Wiring & connection diagrams. 

6. Capacity ratings, performance curves. 

7. Information required indicating contract compliance. 

8. Clearly indicate the exact size or rating proposed. 

 

L. Shop Drawings: 

 

1. All specially fabricated items. 

2. Modifications to standard items. 

3. Specially designed systems or products. 

 

M. Closeout Submittals: Submit in accordance with the General Conditions and 
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Division 1 requirements. 

 

1. Electrical Division Operation and Maintenance Manuals: 

a. Arrange material in sections according to Electrical Division spec 

sections. 

b. Include a cover sheet, which contains the name and phone number 

of the Installer, Distributor, Supplier, Local Service Company, etc. 

for each system or product group. 

c. O & M Manuals shall also include the following: 

d. Material and Equipment List. 

e. Copies of all approved submittals. 

f. Acceptance Test Reports (ground resistance, etc.) 

g. Manufacturer's Product Warranties.     

h. Factory data sheets, wiring diagrams, etc. 

i. Spare parts lists. 

j. All operation and instruction papers. 

k. Maintenance schedules. 

l. Submit the original certificate from the independent electrical 

inspection firm indicating all work has been “Accepted” or 

“Passed” inspection.  Submit prior to, or with, final payment 

request. 

 

2. Record Drawings: 

a. During construction, maintain drawings on blue or black line white 

prints. 

b. Record all changes and alterations in red ink. 

c. Record the installed electric feeders, equipment, etc. 

d. Actual installed locations of panels, switchboards, transformers, 

etc. 

e. All feeders overhead, underslab or in chases. 

f. Pullboxes, handholes and splice box locations. 

g. All underground feeders, conduit, ducts, cables, handholes, 

manholes, etc. with installed dimensions from permanent 

construction elements. 

h. All modifications, changes, deletions or additions made during 

construction. 

i. Submit one (1) complete set of white prints with "as-built" 

information neatly recorded at project completions. 

 

N. Required Submittals:  Submit the following items, as a minimum requirement for 

this project: 

 

1. Section “Common Work Results for Electrical”: 

a. As-Built drawings 

b. O&M Manuals 
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2. Section “Lightning Protection for Structures”: 

a. Roof plan showing system components and layout 

b. Product data including Air terminals conductors, connectors, 

fasteners, sealants. 

c. Post Installation Ground Resistance Test Report 

3. Section “Intrusion Detection System”: 

a. Bill of materials. 

b. Manufacturer's data on all proposed equipment. 

c. Sequence of operation for all modes: 

d. Riser diagrams showing all devices and wiring types. 

e. Device schedule matrix indicating all devices and conditions down 

left side, and all functions across top.  Fill in matrix to indicate 

functions associated with each device or condition. 

f. Details/drawing of remote annunciator panel(s) or arming stations. 

4. Section “Access Control System”: 

a. Bill of materials. 

b. Manufacturer's product data on all proposed equipment. 

c. Sequence of operation for all modes: 

d. Riser diagrams showing all devices and wiring types. 

e. Details/drawing of system configuration. 

5. Section “Video Surveillance”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System wiring schematic. 

d. Written sequence of operation for various components: 

e. Video control and/or recording equipment. 

f. Drawing of proposed racks, enclosures, supports, etc. 

6. Section “Fire Detection System”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System wiring schematic. 

d. List of all system program points with device ID. 

e. Device schedule matrix 

f. Written sequence of operation for all modes 

g. Graphic Annunciator Panel drawing 

h. Scaled Floor Plans 

i. Calculations for Battery power and Voltage drop 

j. Copy of AHJ Final Inspection / Approval  

7. Section “Emergency Responder Radio Repeater System”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System wiring schematics. 

d. Scaled plans and elevations, 

e. Pre-system and post-installation radio signal strength surveys. 

f. FCC Licensing data. 
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g. Copy of AHJ Final Inspection / Approval. 

8. Section “Grounding and Bonding for Electrical Systems”: 

a. Ground rods 

b. Ground buses 

9. Section “Low Voltage Electrical Power Conductors and Cables”: 

a. Building wires and conductors. 

10. Section “Raceways and Boxes for Electrical Systems”: 

a. Conduits. 

b. Surface raceways. 

c. Floor mounted devices. 

11. Section “Wiring Devices”: 

a. A/C switches. 

b. Receptacles. 

c. Connectors. 

d. Device plates and covers. 

e. Pin/sleeve connectors. 

f. Single/Multiple Station Smoke detectors and accessories. 

12. Section “Low Voltage Electrical Distribution”: 

a. Current Transformer cabinets. 

b. Enclosed and automatic circuit breakers. 

c. Surge Protective Devices (SPD) 

d. Safety Disconnect Switches. 

e. Magnetic Contactors. 

f. Time Clocks. 

g. Panelboards. 

h. Switchboards. 

i. Post Installation acceptance testing reports. 

j. Post Installation Infrared scanning reports. 

13. Section “Low Voltage Transformers”: 

a. Product data for transformers and all accessories/components 

b. Elevation and plan view drawings. 

c. 1-line diagram showing all internal/external components, 

connections, accessories, etc. 

14. Section “Low Voltage Controllers”: 

a. Thermal manual motor starter switches. 

b. Motor starters. 

15. Section “Lighting”: 

a. Product data for all Individual lighting fixtures. 

b. Ballast product data 

c. Low voltage contactor panels. 

d. Occupancy sensors. 

e. FC calculations (when requested) 

f. Wiring diagrams for lighting controls, etc. 

16. Section “Structured Cabling”: 

a. Product data for all outlets, cabling, cross connects, patch panels. 
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b. Fiber optic cables & terminations and components. 

c. Equipment racks, wire management devices. 

d. Cable labeling scheme. 

e. Post-installation testing & documentation 

f. Riser diagrams showing all riser cables, backbone cables, MDF 

and/or IDF connections, etc 

g. Schematic wiring diagram for entire system, showing all cable 

types, cable sizes, pair quantities, etc. 

17. Section “Intercom and Program System”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System wiring schematic. 

d. Written sequence of operation for all modes 

e. Master intercom control station drawings 

18. Section “Public Address & Mass Notification Systems’”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System wiring schematic. 

d. Written sequence of operation for all modes 

e. Master intercom control station drawings 

19. Section “Emergency Responder Radio Repeater System”: 

a. Bill of materials showing quantities and model numbers. 

b. Manufacturer's product data on all proposed equipment. 

c. System design and calculations. 

d. Floor plans showing location of amplifiers, antennae, cable routes, 

etc. 

e. System wiring schematic. 

f. Field measurements and signal strength data (pre- and post-

installation). 

 

1.6 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

 

B. Underwriter’s Laboratory (UL) Requirements:  All equipment containing 

electrical components and provided under electrical, mechanical, or other 

Divisions shall bear the Underwriter’s Laboratory (UL) label, as a complete 

packaged system. 
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C. Field Certifications and Labeling: 

 

1. Equipment not provided with a UL label shall be tested in the field, 

certified and provided with a listed label at the installer’s expense. 

a. Field testing shall be performed by a testing agency approved by 

the authority having jurisdiction. 

b. Provide services of a UL recognized, independent Electrical 

Testing Laboratory (ETL) to provide field inspection and testing.  

Provide an ETL Label on all such equipment as proof of 

satisfactory inspection. 

 

D. Fire Safe Materials:  Unless otherwise indicated, materials shall conform to UL, 

National Fire Protection Agency (NFPA) or American Society for Testing and 

Materials (ASTM) standards for fire safety with smoke and fire hazard rating not 

exceeding flame spread of 25 and smoke developed of 50. 

 

E. Install all components and equipment per manufacturer’s written instructions. 

 

F. Installer Qualifications: 

 

1. Provide proof of qualification.  Submit the following, when requested: 

a. Five (5) comparable completed projects. 

b. Reference letters from minimum of three (3) registered 

professional engineers, general contractors, or building owners, 

explaining proficiency, quality of work, or other attribute on 

projects of similar size or substance. 

c. Copy of Master Electrician's License. 

d. Local or State license. 

e. BICSI RCDD certification, as required in other Electrical Division 

sections. 

f. NICET certification, as required in other Electrical Division 

sections. 

2. Electrical installer shall utilize a full time project foreman in charge of all 

electrical work.  

a. Fully qualified and experienced in such work. 

b. Available, on site, at all times during construction.  

c. All communication shall be through this person. 

3. Installer of specialized systems such as Fire Alarms, telecommunication 

systems, etc. shall meet the requirements of the associated spec section(s). 

 

G. Installation Quality: In accordance with listed Codes, recognized trade 

organizations and standards. 

 

1. ADA  Americans with Disabilities Act Accessibility Guidelines 

2. ANSI/EIA/TIA  American National Standards Institute 
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3. ASME  American Society of Mechanical Engineers 

4. IEEE C2 “National Electrical Safety Code” 

5. NEMA  National Equipment Manufacturers Association 

6. NECA  National Electrical Contractors Association “Standards of 

Installation” 

7. NEMA  National Electrical Manufacturer’s Association 

8. NETA  National Electrical Testing Association 

9. UL  Underwriter’s Laboratories 

 

H. Comply with the latest version of following Codes, Standards and regulations as 

adopted by the Authority Having Jurisdiction, unless otherwise specified. 

 

1. NFPA 

2. NFPA 70 “National Electrical Code”. 

3. IBC 

4. COMAR (Code of Maryland Regulations).  

5. State of Maryland Fire Prevention Code   

6. Local Amendments to the above Codes 

 

1.7 DELIVERY, STORAGE AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Arrange for proper shipping methods for all materials. 

2. Provide for handling and unloading of all materials at site or at offsite 

storage facility. 

3. Provide for proper transportation between offsite storage and project site. 

4. Provide rigging and other handling services, when necessary. 

 

B. Storage and Protection: 

 

1. Store all materials in dry, heated areas, unless manufacturers permit other 

storage environments. 

2. Store equipment according to manufacturers’ written instructions. 

3. Protect materials subject to damage or corrosion from excessive moisture. 

4. Protect equipment subject to damage from excessive heat or sunlight in 

ventilated environments. 

5. Protect equipment from dripping, splashing or sprayed materials. 

 

C. Repair and Replacement of Damaged Equipment: Repair equipment damaged as a 

result of improper storage or handling at no expense to Owner.  If, in the opinion 

of the Architect, equipment cannot operate properly after repairs are made, 

replace at no cost to Owner. 

 

1.8 SEQUENCING 
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A. General Sequencing: 

 

1. Coordinate electrical work with other trades based on phasing and 

sequence of construction, as identified elsewhere in the contract 

documents. 

2. Provide all scheduling, phased installation, etc. to coordinate with overall 

phasing plans. 

 

B. Electrical Division Sequencing, Coordination, and Integration: 

 

1. Coordinate systems, equipment, and materials installation with other 

building components. 

2. Verify all dimensions by field measurements. 

3. Arrange for chases, slots, and openings in building structure during 

progress of construction to allow for electrical installations. 

4. Coordinate the installation of required supporting devices, sleeves and 

conduit to be set in poured-in-place concrete and other structural 

components, as they are constructed. 

5. Sequence, coordinate, and integrate installations of electrical materials and 

equipment for efficient flow of the Work.  Make provisions for large 

equipment requiring positioning prior to closing in the building. 

6. Coordinate connection of electrical systems with exterior underground and 

overhead utilities and services.  Comply with requirements of governing 

regulations, franchised service companies, and controlling agencies.  

Provide required connection for each service. 

7. Install systems, materials, and equipment giving right-of-way priority to 

systems required to be installed at a specified slope. 

8. Coordinate requirements for access panels and doors where electrical 

items requiring access are concealed behind finished surfaces.  

 

1.9 COMMISSIONING 

 

A. Provide post-installation commissioning for particular products and systems, as 

specified within individual specification sections. 

 

1.10 WARRANTY 

 

A. Provide warranty in accordance with the General Conditions and Division  01 

requirements, and as stated herein. 

 

B. Warranties specified in other Sections shall be in addition to, and run concurrent 

with, other warranties required by the Contract Documents. Manufacturer's 

disclaimers and limitations on product warranties do not relieve Contractor of 

obligations under requirements of the Contract Documents. 
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C. Special Warranties: Prepare a written document that contains appropriate terms 

and identification, ready for execution. Submit a draft for approval before final 

execution. 

 

1. Manufacturer's Standard Form: Modified to include project-specific 

information and properly executed. 

2. Refer to other specification Sections for specific content requirements and 

particular requirements for submitting special warranties. 

 

D. Special Warranties:  Provide additional product and/or installation warranties for 

particular products, as specified within individual specification sections. 

 

E. Obtain all warranty papers and records from the Original Equipment 

Manufacturer (OEM) according to their warranty policy and deliver the same to 

the Owner.  Fulfill all the OEM's requirements to validate the warranty at 

conclusion of project. Include copies of warranty papers with Closeout 

Submittals. 

 

1.11 MAINTENANCE 

 

A. Extra Materials: Provide extra, loose and/or spare materials, as required by 

individual specification sections. 

 

 

PART 2  PRODUCTS 

 

2.1 PRODUCT SELECTION   

 

 

A. General Product Requirements: Provide products that comply with Contract 

Documents, which are undamaged and new at time of installation. 

 

1. Provide products complete with accessories, trim, finish, safety guards, 

and other devices and details needed for complete installation and 

intended use and effect. 

2. Standard Products: Where available, provide standard products of types 

that have been produced and used successfully in similar situations on 

other projects. 

3. Where products are accompanied by the term as selected, Architect will 

make selection. 

4. Where products are accompanied by the term match sample, sample to be 

matched is Architect's. 

5. Descriptive, performance, and reference standard requirements in the 

Specifications establish salient characteristics of products. 
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B. General Compliance Requirements: Compliance requirements for individual 

products, as indicated in Contract Documents, are multiple in nature and may 

include generic descriptions, performance requirements, compliance with 

reference standards, conformance with graphic details and other similar forms and 

methods of indicating requirements, all of which must be complied with. 

 

C. Procedures for Selecting Products: Contractor's options for selecting products are 

limited by Contract Document requirements, and are not controlled by industry 

traditions or procedures experienced by Contractor on previous construction 

projects. 

 

D. Products specified by Reference Standards, Codes and Regulations: Select from 

among products, which can be shown to comply to, referenced documents. 

 

E. Products specified by Naming Products and Manufacturers: Select from among 

products listed. 

 

F. Products specified by Naming One Manufacturer's Product as the Basis-of-Design 

with Reference to Other Manufacturers: Select either the specified 

Basis-of-Design product or an approved comparable product by one of the other 

named manufacturers. 

 

1. Comply with provisions in Comparable Products Article to obtain 

approval for use of a comparable product by one of the named 

manufacturers. 

 

G. Products specified by Naming One Manufacturer's Product and Indicating Option 

of Selecting Comparable Products by stating or Approved Equivalent or similar 

language: Select either the specified product or an approved comparable product. 

 

1. Comply with provisions in Comparable Products Article to obtain 

approval for use of an unnamed comparable product by another 

manufacturer. 

 

H. Visual Matching Specification: Where Specifications require matching an 

established Sample, select a product that complies with requirements and matches 

Architect's sample. Architect's decision will be final on whether proposed product 

matches satisfactorily. 

 

I. Visual Selection Specification: Where Specifications include the phrase as 

selected from manufacturer's standard colors, patterns, textures or similar phrase, 

select a product that complies with other specified requirements. Architect will 

select color, pattern, and texture. 
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1. Standard Range: Where Specifications include the phrase standard range 

of colors, patterns, textures or similar phrase, Architect will select color, 

pattern, or texture from manufacturer's product line that does not include 

premium items. 

2. Full Range: Where Specifications include the phrase full range of colors, 

patterns, textures or similar phrase, Architect will select color, pattern, or 

texture from manufacturer's product line that includes both standard and 

premium items. 

 

2.2 COMPARABLE PRODUCTS  

 

A. Where Basis-of-Design products are specified by name, submit the following, in 

addition to other required submittals, to obtain approval of a comparable product 

by one of the named manufacturers: 

 

1. Evidence that the proposed comparable product does not require revisions 

to the Contract Documents, and is consistent with the Contract 

Documents. 

2. Documentation that the proposed comparable product will produce the 

indicated results, and is compatible with other portions of the Work. 

3. Detailed comparison of significant qualities of proposed product with the 

Basis-of-Design product in the Specifications. Significant qualities include 

attributes such as performance, weight, size, durability, serviceability, 

visual effect, and specific features and requirements indicated. 

4. Evidence that proposed product provides specified warranty. 

5. List of similar installations for completed projects with project names and 

addresses and names and addresses of architects and owners, if requested. 

6. Samples, if requested. 

 

2.3 IDENTIFICATION PLATES 

 

A. General: 

 

1. Dimensions: Minimum of 1" H x 2 1/2" W.    

2. Lettering:  All capitals, 1/4"H x 1/16" stroke. Indicate circuit number, 

device (EXHAUST FAN 1, PUMP No. 2, etc.). 

3. Indoor Tags: 

a. Laminated phenolic plastic. 

b. White with black engraved letters. 

c. Stainless steel attaching screws. 

4. Outdoor Tags: 

a. Stainless steel tag. 

b. Stainless steel attaching screws. 

5. Manhole/Handhole Cable Tags: 

a. Stainless steel tag. 



 

Bowman Development Corp.      COMMON WORK RESULTS FOR ELECTRICAL          26 05 00-17 

Urban Educational Complex 
 

b. Nylon cable ties. 

 

2.4 LOW VOLTAGE TERMINAL IDENTIFICATION 

 

A. Permanent identification in accordance with the manufacturer’s shop drawings or 

product data. 

 

B. Identify all control cables and wires: 

 

1. All indoor locations: 

a. Nylon, self-adhesive. 

b. Factory printed with permanent numerals/letters on white 

background. 

2. LEM Wire Markers, or equal. 

 

2.5 FIRE STOPPING MATERIALS 

 

A. General: 

 

1. UL 1479 Listed, Fire Tests For Through-Penetration  

 

B. For large openings: 

 

1. 2-part, RTV silicone elastomer expanding foam. 

2. 3-4X expansion. 

3. STI Pensil Series PEN Foam, Dow Corning Fire Stop Foam, or equal. 

 

C. For small openings and voids (less than 1"): 

 

1. 1-part, Intumescent sealant. 

2. Permanent, flexible and resilient. 

3. 5X free expansion. 

4. Red color for instant identification as fire barrier. 

5. 4-hour fire rating. 

6. STI Spec Seal Intumescent Sealant, 3M Fire Barrier Sealant, or equal. 

 

D. For openings around cable tray penetrations: 

 

1. Intumescent pillows. 

2. Compressible, lightweight, removable. 

3. Sealed poly bags. 

4. 1/2" expansion in all directions. 

5. STI Spec Seal SSB Pillows, or equal. 

 

2.6 SPECIAL TOOLS & OPERATING ACCESSORIES 
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A. Wherever any products provided under this Division have tamperproof, special or 

restrictive hardware, as specified or where provided from the manufacturer as 

standard or optional construction, provide a minimum of two (2) matching tools, 

bits, sockets, etc. needed for operation and/or access to such items. This shall 

include, but is not limited to: 

 

1. Tamperproof screws, bolts, etc. on devices, enclosures, covers, etc. 

2. Penta-head bolts used on handhole and/or manhole lids. 

3. Penta-head bolts used on switchgear, transformers, etc. 

4. Any other special tools which are unique to that product. 

 

 

2.7 LOW VOLTAGE FUSES (0 - 600 VOLTS) 

 

A. UL 248, “Low Voltage Fuses” Listed, 250 or 600 volt, ratings per drawings or 

protected equipment manufacturer's nameplate. 

 

B. Class RK-1: 

 

1. Current limiting, dual element, time delay. 

2. Interrupting rating of 200,000 amps rms symmetrical. 

3. Class R rejection clips. 

4. Buss Low Peak LPS-RK (600 V) or LPN-RK (250 V), Littlefuse LLSRK 

(600 V) LLNRK (250 V). 

 

C. Blown Fuse Indication: 

 

1. For all fuses 100A and larger. 

2. Automatic indication of blown (open) fuse. 

3. Viewing window or indicating light. 

4. Buss SAMI fuse covers or Littelfuse Indicator. 

 

D. Spare Fuses: 

 

1. Provide spares for each installed type and rating. 

2. Minimum of (3) for 1-9 installed, (6) for 10-18 and (10) spares where 

more than 18 are installed. 

3. Deliver to OWNER at completion of contract. 

 

2.8 SUPPORTING DEVICES 

 

A. Channel and angle support systems, hangers, anchors, sleeves, brackets, 

fabricated items, and fasteners are designed to provide secure support from the 

building structure for electrical components. 
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1. Material:  Steel, except as otherwise indicated, protected from corrosion 

with zinc coating or with treatment of equivalent corrosion resistance 

using approved alternative finish or inherent material characteristics. 

2. Metal Items for Use Outdoors or in Damp Locations:  Hot-dip galvanized 

steel, except as otherwise indicated. 

 

B. Steel channel supports have 9/16-inch diameter holes at a maximum of 8 inches 

o.c., in at least 1 surface. 

 

1. Fittings and accessories mate and match with channels and are from the 

same manufacturer. 

 

C. Raceway and Cable Supports:  Manufactured clevis hangers, riser clamps, straps, 

threaded C-clamps with retainers, ceiling trapeze hangers, wall brackets, and 

spring steel clamps or "click"- type hangers. 

 

D. Sheet-Metal Sleeves:  0.0276-inch or heavier galvanized sheet steel, round tube, 

closed with welded longitudinal joint. 

 

E. Pipe Sleeves:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized steel, 

plain ends. 

 

F. Expansion Anchors:  Carbon-steel wedge or sleeve type. 

 

G. Toggle Bolts:  All-steel springhead type. 

 

H. Powder-Driven Threaded Studs:  Heat-treated steel. 

 

2.9 CONCRETE EQUIPMENT PADS 

 

A. Materials: 

 

1. Interior Pads: 3000 PSI concrete at 28 days. 

2. Exterior Pads: 3500 PSI concrete at 28 days; air entrained mix. 

3. Steel mesh or rebar reinforcing, where required. 

 

2.10 EQUIPMENT BOLLARDS 

 

A. At outdoor generators, switchgear, transformers and other gear, where indicated, 

for damage protection by vehicles. 

 

1. Standard Bollard: 5" rigid galvanized schedule 40 steel pipe, concrete 

filled. 

2. Removable Bollard: 5" rigid galvanized schedule 40 steel pipe set in 
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concrete, with 4" pipe inside 5" pipe.  

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions: 

 

1. Examine site and existing conditions prior to submitting bids. 

2. Carefully examine proposed locations where work will occur in existing 

buildings and excavation near existing piping, conduit, cable, structures, 

etc. 

3. Make required allowances for the conditions. 

4. Request clarifications and or directions in writing, if required. 

5. No allowance will be made for any errors, oversights or other negligence 

on the part of the Installer. 

 

3.2 PREPARATION 

 

A. Protection: 

 

1. Protect the structure, furnishings, finishes, and adjacent materials not 

indicated or scheduled to be removed. 

2. Provide and maintain temporary partitions or dust barriers adequate to 

prevent the spread of dust and dirt to adjacent areas. 

 

B. Construction Power: 

 

1. Obtain and pay for temporary electrical service for construction power, 

trailers, etc. 

2. Provide all underground and/or overhead equipment, transformers, 

overcurrent devices, wires, connections, etc. for obtaining power from 

utility company or Owner’s electrical lines. 

3. Pay all charges for connections, accounts, metering and consumption 

charges for construction power. 

 

 

C. Interface With Site Utility Companies: 

 

1. Contact MISS UTILITY prior to any excavation or underground work. 

2. Contact serving utility companies immediately upon award of contract.  

Do not install related equipment until fully coordinated with appropriate 

utilities. 

3. Provide all construction schedules, dates of requested services, outage 

windows, equipment locations, etc. necessary for utility work. 
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4. Contractor shall contact each serving utility company to schedule the 

performance of work by utility company(ies) when site conditions are 

ready (including raceways, handholes/manholes, backboards, etc. installed 

by contractors). 

5. Electric Utility: 

a. Coordinate service entrance equipment and layout with power 

company prior to ordering or installing any service entrance 

equipment.  

b. Furnish and install all incoming raceway, metering cabinets and 

meter sockets.   

c. Coordinate cable, conduit, lug and C/T cabinet sizes for proper 

interface between utility owned/installed equipment and 

contractor-installed equipment. 

d. Provide concrete pad for utility company's transformer as required 

by Utility. 

6. Telephone Utility: 

a. Coordinate raceways with telephone utility company. 

b. Coordinate for installation of POTS lines, as required for operation 

of elevator cab phones, fire and security system communicators, 

etc.  Provide sufficient notice for phone line procurement and 

installation. 

 

D. Utility Outages: 

 

1. Schedule, stage, and perform all work such that interruptions to existing 

utilities and services are kept to a minimum. 

2. No outages shall occur without prior written notification of Owner and/or 

User. 

3. All required outages should be approved by the owner for optimum time 

scheduling. 

4. Written notice of not less than 15 calendar days shall precede all power 

outages. 

 

3.3 INSTALLATION 

 

A. General Requirements: 

 

1. Install systems, materials, and equipment to conform with approved 

submittal data, including coordination drawings. 

2. Install work, generally as shown. Carefully examine all contract drawings 

and fit the work in each location without substantial alteration.  Where 

departures are proposed or required, submit detailed drawings for 

acceptance.  

3. Installation shall provide the maximum possible headroom where 

mounting heights or other location criteria are not indicated. 
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4. Install all items level, plumb, and parallel and perpendicular to other 

building systems and components, except where otherwise indicated. 

5. Install equipment with proper service and access clearances as required by 

NEC and manufacturers’ requirements. 

6. Install such that future service or replacement shall not require 

interference with or removal of other installations. 

7. Provide access to all equipment, splice boxes, switches, controls and other 

devices, without use of poles, ladders, scaffolding, etc. 

8. Where equipment requiring access or service is concealed behind finished 

surfaces, provide access panel(s) or door(s). 

 

B. Penetration of Fire Rated Construction: 

 

1. Seal all in and around conduits and other electrical materials penetrating 

or creating openings in fire-rated, fire resistant or fire-stopped walls, 

ceilings, partitions and floors. 

2. Contractor is responsible for the coordination, means & methods, and 

costs for all penetrations required for the installation of the work. 

 

C. Miscellaneous Supports:  Install metal channel racks for mounting cabinets, 

panelboards, disconnects, control enclosures, pull boxes, junction boxes, 

transformers, and other devices except where components are mounted directly to 

structural features of adequate strength. 

 

D. Sleeves:  Install for cable and raceway penetrations of concrete slabs and walls, 

except where core-drilled holes are used.  Install for cable and raceway 

penetrations of masonry and fire-rated gypsum walls and of all other fire-rated 

floor and wall assemblies.  Install sleeves during erection of concrete and 

masonry walls. 

 

E. Fastening:  Unless otherwise indicated, securely fasten electrical items and their 

supporting hardware to the building structure.  Perform fastening according to the 

following: 

 

1. Fasten by means of wood screws or screw-type nails on wood; toggle bolts 

on hollow concrete masonry units; concrete inserts or expansion bolts on 

concrete or solid masonry; and by machine screws, welded threaded studs, 

or spring-tension clamps on steel. 

2. Threaded studs driven by a powder charge and provided with lock washers 

and nuts may be used instead of expansion bolts, machine screws, or wood 

screws. 

3. Welding to steel structure may be used only for threaded studs, not for 

conduits, pipe straps, or any other items. 

4. In partitions of light steel construction use sheet-metal screws. 

5. Drill holes in concrete beams so holes more than 1-1/2 inches (38 mm) 
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deep do not cut main reinforcing bars. 

6. Drill holes in concrete so holes more than 3/4 inch (19 mm) deep do not 

cut main reinforcing bars. 

7. Fill and seal holes drilled in concrete and not used. 

8. Select fasteners so the load applied to any fastener does not exceed 25 

percent of the proof-test load. 

 

F. Rough-in: 

 

1. Contract drawings are generally diagrammatic. 

2. Provide all offsets, bends, fittings and accessories, required to fit the work 

to the conditions, even though not specifically shown. 

3. Verify final locations for rough-ins with field measurements and with the 

requirements of the actual equipment to be connected. 

4. Refer to equipment specifications in all other Divisions for rough-in 

requirements. 

5. The Owner, and/or his/her representative, reserves the right to make 

reasonable changes in location of equipment, conduit and wiring up to the 

time of rough-in or fabrication. 

 

G. Cutting and Patching:  Provide all cutting and patching in accordance with 

Division 1 and per the following requirements. 

 

1. Perform all required cutting, fitting, and patching necessary for installation 

of Electrical Division work. 

2. Cut, remove and legally dispose of selected electrical equipment, 

components, and materials as indicated, including but not limited to 

removal of electrical systems and equipment as indicated on the drawings 

and specifications and other electrical items made obsolete by the new 

Work. 

 

3.4 CONCRETE EQUIPMENT PAD INSTALLATION 

 

A. Interior Equipment Pads:  Install concrete equipment (housekeeping) pads and 

bases for all transformers, switchgear, motor control centers, or other free-

standing equipment. 

 

B. Exterior Equipment Pads:  Install concrete pads with foundations for all on-grade 

transformers, switchgear, generators, control cabinets and other equipment. 

 

C. Interior Pad Installation: 

 

1. Steel dowel rods and bonding agent for anchoring to existing slabs. 

2. 2" wider than equipment in all directions. 

3. 1" x 45
o
 chamfer on all sides. 
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D. Exterior Pad Installation: 

 

1. 4" wider than equipment in all directions. 

2. 1" x 45
o
 chamfer on all sides. 

3. Reinforce with steel mesh or rebar. 

4. Provide minimum 30" deep (below grade) foundation on all sides.  

5. Pour footings against undisturbed or compacted earth.  Extend footings 

below the frost line for the location where installed. 

6. Turn down rebar or mesh into all foundation walls.  

7. Lowest side minimum of 6" above final grade. 

8. Install vapor barrier between earth and concrete. 

9. Provide PVC sleeves for all cables, conductors, grounding, etc. to 

penetrate pad. 

 

3.5 EQUIPMENT BOLLARD INSTALLATION 

 

A. Install steel pipe bollards for all pad mounted, exterior transformers, switchgear, 

generators, control cabinets and other equipment to prevent damage from 

vehicles. 

 

B. Installation: 

 

1. Locations as indicated on drawings. 

2. Coordinate installation: 

a. Avoid ground rods, ground wires, etc.  

b. Permit full opening of enclosure door swings. 

c. Allow required access and clearances for maintenance and 

servicing. 

3. Burial Depth 36" below grade. 

4. Height: 42" above grade, unless noted otherwise. 

5. 12" diameter concrete foundation to 36" deep. 

6. Standard bollards: Fill with concrete and crown at top of pipe. 

7. Removable bollards: Provide welded or threaded steel caps on removable 

pipe.  Embedded pipe shall extend 2-4” above concrete at grade. 

8. Slope concrete at base for water drainage. 

 

3.6 CONSTRUCTION 

 

A. Interface with Other Work: 

 

1. Mechanical and Plumbing Division Equipment and Systems: 

a. Provide the following for equipment furnished and/or installed 

under mechanical/plumbing Divisions, unless specifically noted 

otherwise: 
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b. Line voltage power wiring connections to equipment such as 

motors, AHU’s, heaters, etc.  

c. Disconnect means per NEC. 

d. Manual or automatic starting contactors, starters, switches, etc. 

e. Furnish duct smoke detectors and sampling tubes.  Install detectors 

into bases, and make all wiring connections (mechanical Division 

to install sampling tubes into ductwork). 

f. Provide power to all motor operated smoke dampers, furnished and 

installed under other Divisions.  Coordinate control operation 

through fire alarm duct detectors, per Section “Fire Detection and 

Alarm”. 

g. Furnish gas/oil burner emergency shutdown switches at boiler 

room exits per NFPA.  Provide all wiring to gas or oil fired boilers 

and/or water heaters for manual shutdown.  Final connections to 

equipment or associated control panels shall be by mechanical 

Division. 

h. Mounting and connection of starters, speed controls, variable 

frequency drives and other such equipment furnished by 

mechanical Division. 

i. Low voltage wiring between transformers and plumbing fixtures 

(faucets, toilets, urinals, etc.) for automatic controls, or line voltage 

wiring to fixtures, as required by equipment furnished under 

mechanical Divisions. 

j. Mounting, connections and disconnects for power factor correction 

capacitors furnished with motors by mechanical Division. 

2. All electrical work performed under mechanical and/or plumbing 

Divisions shall be provided in accordance with electrical specification 

Divisions. 

a. Work performed/provided by mechanical Division shall include 

the following, unless specifically noted otherwise: 

b. All low voltage and line voltage control wiring including conduits, 

wiring, branch circuit breakers, etc. 

c. EMS or ATC system wiring and connections. 

d. Line voltage connections to all motor operated dampers, automatic 

valves, etc. 

e. Line voltage thermostats and associated wiring. 

f. All relays, contacts and other control equipment required for 

operation of mechanical Division equipment. 

g. Fuses within equipment, switches, control panels, etc. furnished 

from the factory with the equipment. 

h. Installation of duct smoke detector sampling tubes.  Tubes 

furnished under Section “Fire Detection and Alarm”. 

3. It is the intent to provide a complete and operational system.  The work 

between mechanical and electrical Divisions is complementary and is 

meant to produce a single and operating system.  Contractor shall make its 
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own determination as to the distribution of responsibility among the 

various trades. 

4. Equipment specified in other Divisions: 

a. Provide the following for equipment furnished and/or installed 

under Divisions, unless specifically noted otherwise: 

b. Power wiring to all fume, grease and/or exhaust hoods. 

c. Field installation and wiring of equipment furnished loose with 

grease extraction and/or fume hoods:  

1) Lights 

2) Receptacles 

3) Toggle switches 

4) Associated backboxes 

d. Flexible conduit connections to pre-wired modular office furniture 

and partition walls: 

1) Conduit with power wiring. 

2) Conduit with telecomm wiring. 

e. Hardwired connections to kitchen equipment. 

 

B. Routing of Electrical Feeds to Roof Mounted Equipment: 

 

1. Conduit routing to roof mounted equipment shall be made so as to 

minimize the amount of conduit exposed above the roof. 

2. Route conduit from building interior within roof curbs, where possible. 

3. For condensing units and similar equipment, route conduit with refrigerant 

lines, using common penetrations through roof, coordinated with piping. 

4. Where conduit must be run horizontally on roof surface, follow other 

piping, refrigerant lines, etc.  Provide blocking, etc. to support conduit at 

regular intervals, per NEC.  Secure conduit to blocks, supports, etc. to 

prevent movement. 

 

C. Penetration of Waterproof Construction: 

 

1. Minimize penetration of roofs, exterior walls and interior waterproof 

construction. 

2. Provide necessary curbs, sleeves, shields, flashing, fittings and caulking to 

make the penetrations watertight. 

3. All penetrations shall comply with roof manufacturer’s recommended 

materials and methods. 

 

D. Penetration of Fire Rated Construction: 

 

1. Seal all in and around conduits and other electrical materials penetrating 

or creating openings in fire-rated, fire resistant or fire-stopped walls, 

ceilings, partitions and floors. 
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3.7 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Provide all circuits free from ground faults, short circuits and open circuits 

2. Perform tests specified or required to demonstrate that the work is 

installed and operating properly. 

3. Where specific tests are required, give proper notices and perform all 

necessary preliminary tests to assure that the work is complete and ready 

for final test.  

4. Other tests of a specific nature for special equipment shall be as specified 

under the respective equipment. 

 

B. Inspections: 

 

1. Schedule, pay for (as applicable) and attend all inspections required by the 

Authorities Having Jurisdiction. 

2. Deliver all certificates to the Owner prior to final acceptance of work. 

3. Notify Architect in advance of scheduled inspections. 

4. An electrical foreman, superintendent or other supervisor shall be in 

attendance for all scheduled electrical inspections. 

5. Schedule preliminary and rough-in inspections in a timely manner.  Any 

work covered prior to any inspection in a manner which, in the inspector's 

opinion, precludes a complete inspection, shall be uncovered at the 

installer’s cost. 

6. Uncover Work to provide for installation of ill-timed Work. 

7. Disconnect installed work as specified for testing. 

8. Electrical inspection shall be by an independent, non-governmental, 

electrical inspection agency, which is approved by the Maryland State Fire 

Marshal.   

9. The electrical contractor shall file with the independent inspection agency, 

and pay all fees associated with such filing, at the start of construction so 

that adequate rough-in inspections can be made during the course of the 

work. 

10. An electrical certificate of inspection by the electrical inspection agency 

must be submitted to the Department of General Services prior to, or with, 

the final payment invoice.  The inspection certificate shall be used in lieu 

of a county or municipal permit for electrical work performed on property 

belonging to the State of Maryland. 

 

C. Acceptance Testing:  Provide for acceptance testing of electrical equipment, as 

follows, and as required in other electrical Division specification sections. 

 

1. Pay for and schedule all required acceptance testing. 

2. Testing shall be by independent electrical testing contractor, licensed and 
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certified by NETA. 

3. Testing company shall be independent of installing company (i.e. no 

subsidiaries). 

4. All tests shall be performed in accordance with the National Electrical 

Testing Association (NETA). 

5. Notify Architect and Owner in advance of all testing. 

6. Deliver all reports to Architect for approval. 

7. Retest all failed equipment after adjustment, repairs, etc. 

8. Provide all fuel, labor, etc. required for tests. 

9. All costs associated with preparations for actual testing shall be borne by 

the installer.  

10. Provide letter or statement on Testing Agency letterhead attesting to the 

satisfactory test results and suitability of the equipment to be energized 

and/or placed into service, as applicable.  If testing reveals any problems 

or marginal results, the letter shall state these. 

 

D. Replacement of Faulty Work or Materials: 

 

1. Replace any equipment, which fails NETA test results at the direction of 

the Owner.  All replaced equipment shall be retested at no cost to Owner. 

2. Remove and replace all defective Work or materials. 

3. Remove and replace Work not conforming to requirements of the Contract 

Documents. 

4. Materials not installed per recognized standards, manufacturers’ 

instructions, contract documents or design intent shall be removed and 

replaced when so directed by the Architect, at the Contractor's expense. 

 

E. Project Punchout Inspection:  Architect/Engineer will perform punch out reviews 

and will provide the Contractor with a list of punch list items to be completed 

before contract close out.  Each and every punch list item shall be initialed and 

dated by the Contractor when the work is complete.  The Architect/ Engineer will 

not perform any punch list verification until all items have been completed, 

initialed, dated and the list returned to the Architect/Engineer.  If any items have 

been initialed as being completed by the Contractor and the Architect/Engineer 

determines that the work is not complete, the Architect/Engineer shall be 

reimbursed by the Contractor at his regular hourly rate for any and all items 

requiring revisiting of the site by the Architect/Engineer.  Reimbursement shall be 

made by deducting the Architect/Engineer’s fee from the Contractor's final 

payment. 

 

3.8 ADJUSTING 

 

A. General: 

 

1. Lubricate, clean, adjust and test all equipment and systems in accordance 
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with the manufacturer's instructions prior to initial operation. 

2. Do not operate equipment unless proper safety devices and controls are 

operational. 

3. Provide all maintenance and service for equipment, which is operated 

during construction, and protect the equipment. 

4. Provide services of the manufacturer's factory-trained technicians to start 

up the equipment where required, or specified. 

 

3.9 IDENTIFICATION 

 

A. Permanently identify all equipment in accordance with the project nomenclature. 

 

1. Panelboards - identify panel as per contract, voltage, and emergency or 

UPS power, as applicable. 

2. i.e. PANEL RP1 

120/208 VOLTS 

EMERGENCY POWER 

3. Starters, disconnects - identify fan, pump or load served, using contract 

nomenclature. 

i.e. EXHAUST FAN N0. 1 

4. Miscellaneous controls, terminal boards, etc. 

i.e. FIRE ALARM POWER SUPPLY  

5. General purpose receptacles - identify branch circuit panel and circuit 

number on back of coverplate with permanent marker. 

 

B. Provide manufacturer’s Arc Flash Hazard Warning labels on all electrical 

switchboards, switchgear, panelboards, MCC’s, meter sockets and meter stacks, 

industrial control panels, etc. per NEC 110.16. 

 

C. Identify all power conductors via colored insulation, or individual identification 

of phase wires with colored electrical tape at each junction box, panel or 

enclosure where conductors are visible.  Color coding as listed below, on all 

building wiring and feeders: 

 

1. 208/120-V System:  As follows: 

a. Phase A: Black. 

b. Phase B: Red. 

c. Phase C: Blue. 

d. Neutral:  White. 

e. Ground: Green. 

2. 480/277-V System:  As follows: 

a. Phase A: Brown. 

b. Phase B: Orange. 

c. Phase C: Yellow. 

d. Neutral:  Gray. 
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e. Ground: Green. 

 

D. Handhole Cable Identification: 

 

1. Identify all individual cables and phases in all handholes and manholes. 

a. Provide stamped stainless steel tags. 

b. Attach with nylon cable ties. 

c. Include feeder or circuit number, phase, etc. 

 

3.10 LOW VOLTAGE TERMINATION IDENTIFICATION 

 

A. Permanently identify all cables, wires, terminal boards, terminal blocks and other 

equipment in accordance with the manufacturer’s shop drawings or product data. 

 

B. Identify all control cables and wires: 

 

1. All indoor locations: 

a. Length to permit a minimum of 2-3 revolutions around cable or 

wire. 

 

C. Identification shall be applied to both ends of all control cables, wires, etc., within 

2 inches of termination. Marking pens, embossed plastic tape markers or other 

temporary methods will not be acceptable. 

 

3.11 EQUIPMENT MOUNTING 

 

A. Disconnects & Control Equipment: 

 

1. In sight of equipment served, with operating handle at 48-54" AFF. 

2. As close as practical to motor, etc. 

3. For large on-grade or roof mounted equipment, (i.e. chillers, ACU’s, etc.), 

mount to equipment housing or frames. 

 

B. Allow for proper clearance of electrical items and equipment served. 

 

3.12 DEMONSTRATION 

 

A. Provide for equipment manufacturers' established representatives to demonstrate 

to Owner, the correct operation, safety, adjustments and maintenance of all 

electrical equipment and systems under this contract. 
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COMPARABLE PRODUCT SUBMITTAL FORM 

 

Table of Compliance (Sample) 

Shop Drawing & Product Data Submittal 

 

1. The Contractor shall prepare a Table of Compliance Form similar in format to the sample 

shown below to facilitate and expedite the Shop Drawing and Product Data Review.  

Failure to comply with this requirement will be basis for rejecting the Submittal. 

2. The Table of Compliance Form will list and compare the performance parameters as the 

submitted equipment to that listed on equipment schedule and specifications as basis of 

design.  All non-compliance items (differences) must be explained in full, indicating their 

impact, if any, on maintainability, durability, energy use, operating costs, code 

compliance and environmental considerations. 

 

 

(Sample) 

TABLE OF COMPLIANCE 

 

EQUIPMENT: _______________________  SPEC. SECTION: 

_______________________ 

 

 

BASIS OF DESIGN 

SAMPLE ITEMS 

DRAWINGS SUBMITTED EXPLANATION 

Input KW, amps, etc.    

Input Voltage range    

Efficiency rating    

Mfg’s Recommended 

OCPD and MCA ratings 

   

Heat output (Btu/hr)    

Overload capability (%)    

Adjustable Range    

Battery backup (minutes)    

NEMA rating or size    

Material thickness (ga)    

Material Type (steel, 

alum, non-metallic, etc.) 

   

Interrupting Rating    

Cable Category (5e, 6)    

Length x Width x Height    

Weight    

Fuel consumption 

(gensets) 
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Specifications:    

Quality assurance 

compliance 

   

    

(NEMA)    

(UL)    

Specifications: List each 

specification paragraph 

   

Etc.    

Other:    

 

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

 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Building wires and conductors. 

2. Cables and cable assemblies. 

3. Splices and connectors. 

4. Fabricated drop cord assemblies. 

5. Acceptance testing of conductors, feeders, etc. 

6. Load balancing. 

 

B. Related Sections: 

 

1. Section “Common Work Results for Electrical.” 

2. Section “Grounding & Bonding for Electrical Systems” for coordination 

with grounding equipment and attachments. 

3. Section “Raceways and Boxes for Electrical Systems.” 

 

1.3 REFERENCES 

 

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

 

1. ASTM B3 Soft or Annealed Copper Wire 

2. ASTM B8 Concentric Lay Stranded Copper Conductors 

3. ASTM B174  Standard Specification for Bunch-Stranded Copper 

Conductors for Electrical Conductors 

4. ASTM B230 Standard Specification for Aluminum 1350-H19 Wire for 

Electrical Purposes 

5. ASTM B231 Concentric-Lay-Stranded Aluminum Conductors 

6. ASTM B496 Standard Specification for Compact Round 

Concentric-Lay-Stranded Copper Conductors 

7. ASTM 901 Standard Specification for Compressed Round Stranded 

Aluminum Conductors Using Single Input Wire 

Construction 
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B. Underwriters Laboratory (UL): 

 

1. UL 4 Standard for Armored Cable 

2. UL 44 Standard for Thermoset-Insulated Wires and Cables  

3. UL 62  Standard for Flexible Cord and Cables 

4. UL 83  Thermoplastic-Insulated Wires and Cables 

5. UL 486A  Standard For Wire Connectors and Soldering Lugs for Use 

With Copper Conductors. 

6. UL 486B  Standard For Wire Connectors and Soldering Lugs for Use 

With Aluminum Conductors. 

7. UL 854 Service-Entrance Cables  

8. UL 910  Standard for Test for Flame-Propagation and 

Smoke-Density Values for Electrical and Optical-Fiber 

Cables Used in Spaces Transporting Environmental Air 

9. UL 1424  Standard for Cables for Power-Limited Fire-Alarm Circuits  

10. UL 1569  Standard for Metal-Clad Cables 

11. UL 1479 Standard for Fire Tests of Through-Penetration Firestops 

12. UL 1581 Reference Standard for Electrical Wires, Cables, and 

Flexible Cords 

 

1.4 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

 

1. Building wires and conductors. 

2. Cables and cable assemblies. 

3. Service cords for field assembled drop cords. 

 

B. Product data, including construction, materials, performance data, etc. 

 

C. Product Test Reports:  Certified copies of manufacturer's design and routine 

factory tests required by the referenced standards.  

 

D. Provide submittal data for each cable or conductor type. 

 

1. To verify specifications have been met/exceeded.  

2. Indicate UL listing for all products. 

 

1.5 DELIVERY, STORAGE AND PROTECTION OF EQUIPMENT 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Deliver wire and cable according to NEMA WC-26, “Binational Wire and 
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Cable Packaging Standard.” 

 

B. Storage and Protection: 

 

1. Store wires and cables out of rain. 

2. Protect from physical damage. 

3. Guard against nicks and scratches. 

 

PART 2  PRODUCTS 

 

2.1 METAL CLAD CABLE (MC) 

 

A. Type MC metal clad cable for branch circuit applications. 

 

1. Interlocking aluminum or galvanized steel armor. 

2. THHN insulation, 90
o
C rated. 

3. Solid Conductors through #10 AWG: Soft or annealed per ASTM B3. 

4. Stranded copper conductors for #8 AWG and larger, per ASTM B8. 

5. Phase identified conductors. 

6. Insulated (green) equipment grounding conductor. 

7. Internal, overall, non-metallic tape shield around all conductors. 

8. UL 83, 1479, 1569 and 1581 listed. 

9. NEC 230, 300, 320, 330, 518, 520, 530, 605 and 645 compliant. 

10. AFC MC, MC-Tuff, MC-Lite, or equal. 

 

 

B. Type MC metal clad cable for feeder applications. 

 

1. Interlocking aluminum alloy (AA-8000) armor. 

2. XHHW insulation, 90
o
C rated. 

3. Copper, compact stranded conductors per ASTM B8. 

4. Phase identified conductors. 

5. Bare equipment grounding conductor. 

6. Internal, overall, non-metallic tape shield around all conductors. 

7. UL 83, 1479, 1569 and 1581 listed. 

8. NEC 230, 300, 320, 330, 518, 520, 530, and 645 compliant. 

9. MC Cable by Service Wire, Pirelli, Service Wire, Alcan, or equal. 

 

2.2 FIRE ALARM METAL CLAD CABLE (MC) 

 

A. Type MC metal clad cable with isolated ground conductor: 

 

1. For use on fire alarm system circuits, as required. 

2. Interlocking galvanized steel armor. 

3. Continuous red identifying stripe. 
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4. TFN insulated, solid copper conductors. 

5. Copper ground conductor(s). 

6. UL Listed Fire Alarm Cable 

7. Rated for use in plenums. 

8. UL Listed for cable trays. 

9. Rated for through penetrations of 1, 2 and 3-hour fire walls. 

10. Individually twisted pairs and shielding, as required per fire alarm system 

manufacturer. 

11. Fire resistant and low smoke. 

12. UL 62, 83, 910, 1424, 1479, 1569, and 1581 listed. 

13. NEC 300-20, 330, 518, 530, 645, 725, 760 compliant. 

14. AFC Type MC Fire Alarm/Control Cable. 

 

2.3 600 VOLT BUILDING WIRE 

 

A. Copper Building Wire: 

 

1. UL 44, 83 and 854 Listed, 600 volt, 90
o
C: 

2. All conductor sizes indicated are based on copper conductors. 

3. Copper, stranded for #8 AWG, and larger. 

a. Concentric per ASTM B3. 

b. Compact round per ASTM B496. 

4. #12 AWG minimum conductor size. 

5. Thermoplastic Insulation: 

a. Interior #8 and smaller: THWN or THHN 

b. Interior #6 and larger: THWN or THW  

c. All exterior wiring: THWN or THW 

6. Provide wires as manufactured by Pirelli, Service Wire Corp, Okonite 

Company, Southwire, Carol Cable, or equal. 

 

B. Aluminum Alloy Conductors: 

 

1. Permitted in lieu of copper for feeders, services or equipment branch 

panels rated 115 amps or greater, except as noted. 

2. Aluminum conductors are NOT permitted for  

a. Fire Pump feeders. 

b. Final/direct connections to: 

1) Motors, compressors, fans, pumps, AHU’s, RTU’s, etc 

2) Chillers, including chiller manufacturer’s disconnect or 

VFD. 

3) Generators. 

4) UPS system input and output terminals. 

3. Construction 

a. Aluminum alloy (AA-8030) conductors per ASTM B230. 

b. Compact stranded construction per ASTM 901. 
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c. XHHW-2 cross-linked polyethylene insulation. 

d. UL Listed for wet (75
0
C) or dry (90

0
C) locations. 

e. Minimum size #4 AWG. 

4. Alcan Cable, “Stabiloy XHHW-2” or approved equal. 

 

2.4 SPLICES & CONNECTORS 

 

A. Splices & Connectors for copper conductors: 

 

1. Dry locations: 

a. #10 AWG and smaller: Insulated, solderless pressure type. 

b. #8 AWG and larger: Hydraulic pressure indentation type, Burndy 

"Hy-dent", T&B or equal. 

2. In handholes, manholes and direct buried locations: 

a. Silicone filled wire-nuts (King, or equal). 

b. Compound filled splice or connectors. 

c. Suitable for immersion in water. 

 

B. Splices & Connectors for aluminum conductors: 

 

1. All locations: Use only with UL Listed bolted pressure or compression 

type connectors. 

a. UL Listed, marked AL7CU or AL9CU per UL 486B. 

b. Use with oxide inhibiting compound. 

c. Use aluminum alloy hardware per ANSI requirements. 

 

2.5 LOW VOLTAGE CABLING 

 

A. Cables for low voltage systems shall be as specified in other sections.  If not 

specified, cables shall be per system manufacturer’s recommendations. 

 

B. All low voltage cabling installed on this project shall be UL Listed, plenum rated 

cable, unless installed in metal conduit. 

 

 

2.6 FIELD FABRICATED FOOD SERVICE EQUIPMENT CORDS 

 

A. Provide field fabricated service cords for use connection of food service 

equipment, where indicated.  Cords shall be used for separable connections of 

equipment to the building wiring system via twist-lock male equipment cord and 

plugs.  Provide quantity per drawings. 

 

1. Industrial duty, connectors as specified in Section “Wiring Devices” 

a. Twistlock male connectors (type as required) for connection to 

wall or ceiling outlet. 
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b. Standard (straight blade) female connectors (as required) for 

connection of equipment cord/plug. 

2. Total length of 8-10 feet (coordinate exact length required prior to 

fabrication.) 

3. Flexible SJOOW cord as specified elsewhere in this section. 

 

2.7 FLEXIBLE POWER CORDS 

 

A. Flexible power cords for equipment drops in kitchens, labs and/or manufacturing 

areas: 

 

1. EDPM insulated stranded bare copper per ASTM B174. 

2. Non-hygroscopic fillers. 

3. Yellow jacket impervious to oils, water, acids, sunlight, etc.; ozone, cut 

and abrasion resistant.  Jacket shall bear manufacturer's name, cable size 

and rating, etc. along the entire length with permanent printing. 

4. UL Listed, type SOOW-A (600V) or SJOOW-A (300V). 

5. Carol Super VuTron III, Royal 5-Crown Powerflex 105 Plus, American 

Mustang. 

 

PART 3  EXECUTION 

 

3.1 APPLICATION 

 

A. Service Entrance:   

 

1. Type THW or THWN, copper conductor, in raceway. 

 

B. Feeders:   

 

1. Type THW, THHN/THWN, XHHW copper conductor, in raceway. 

2. Type MC, multi-conductor copper, 90C insulation, interlocked steel armor 

sheath. 

 

C. Fire Pump Feeder:   

 

1. Below Slab in Conduit: THW/THWN or RHH/RHW copper 

conductors, 90C insulation in RGS conduit. 

 

D. Branch Circuits:   

 

1. Type THHN/THWN, copper conductor, in raceway. 

2. Type MC cable, copper conductor, 75C insulation. 

 

E. Fire Alarm Circuits: 
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1. Type THHN/THWN, copper conductor, in raceway. 

2. Type MC Fire Alarm cable, copper conductor, 90C insulation. 

 

F. Class 1 Control Circuits:   

 

1. Type THHN/THWN, copper conductor, in raceway. 

 

G. Class 2 Control Circuits:  

 

1. Power-limited cable, concealed in building finishes. 

2. Type THHN/THWN, copper conductor, in raceway. 

3. Type MC cable, copper conductors. 

 

3.2 INSTALLATION 

 

A. Install wires and cables as indicated, according to manufacturer's written 

instructions and the NECA “Standard of Installation.” 

 

B. Remove existing wire from raceway before pulling in new wire and cable. 

 

C. Pull conductors into raceway simultaneously where more than one is being 

installed in same raceway. 

 

1. Use pulling compound or lubricant where necessary; compound used must 

not deteriorate conductor or insulation. 

2. Use pulling means, including fish tape, cable, rope, and basket-weave 

wire/cable grips that will not damage cables or raceway. 

 

D. Install exposed cable, parallel and perpendicular to surfaces or exposed structural 

members, and follow surface contours where possible. 

 

E. Conductor Splices:  Keep to minimum. 

 

1. Install splices and taps that possess equivalent or better mechanical 

strength and insulation ratings than conductors being spliced. 

2. Use splice and tap connectors that are compatible with conductor material. 

 

F. Wiring at Outlets:  Install with at least 12 inches (300 mm) of slack conductor at 

each outlet. 

 

G. Connect outlets and components to wiring and to ground as indicated and 

instructed by manufacturer.  Tighten connectors and terminals, including screws 

and bolts, per manufacturer's published torque values or per UL 486A. 
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H. Use of Aluminum Conductors: 

 

1. Panel and feeder schedules are generally based on copper conductors, 

unless specifically noted as aluminum. 

2. Where aluminum is to be used, as permitted in these specs, the contractor 

is responsible for increasing the conductor sizes to the equivalent ampacity 

per NEC tables. 

3. Where required as a result of larger aluminum conductors, provide 

increased conduit sizes. 

4. Ground conductors shall also be provided, per NEC article 250. 

5. Provide all required lugs, connectors, etc., rated for aluminum conductors. 

 

I. MC Cable Installation Requirements: 

 

1. Installed concealed in finished areas. 

2. Do not expose, except for final connections to modular furniture. 

3. Group all MC cables running together in bundles with nylon cable ties. 

4. Route bundles neatly through ceiling cavities. 

5. In high ceiling, or large plenum areas, install all MC cables in groups, tight 

to underside of deck, within steel joist webbing. 

6. Avoid constant changes in direction and elevation of bundles. 

7. Install perpendicular and parallel to column lines, except for final 

separation from bundles. 

8. Support bundles at regular intervals, per NEC, independent from ceiling 

hanger wires. 

9. Provide adequate clearance above accessible ceiling tiles, minimum of 

18.” 

10. Where circuits exit panelboards not located in electrical rooms or closets, 

conductors shall be installed in EMT conduit to a wire trough above the 

panel and finished ceiling, in an accessible location.  MC cable shall then 

be permitted to extend to the branch circuit devices. 

11. Where circuits exit panelboards located in electrical rooms or closets, 

conductors shall be installed in EMT conduit to a wire trough outside the 

electric room, above the finished ceiling in an accessible location.  MC 

cable shall then be permitted to extend to the branch circuit devices. 

 

 

3.3 CONSTRUCTION  

 

A. Food Service Equipment connections:  All power cord or sealtite conduit 

connections shall be of sufficient length to permit removal and unplugging of 

equipment.  Cord/conduit length, however, shall not allow any cord or conduit to 

lay on the floor when equipment is in final operating position. 

 

B. Generators, motors, vibrating or rotating equipment shall be stranded copper for 
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all sizes. Solid wire not permitted. 

 

3.4 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Before making tests, complete all connections at panels, fixtures and other 

equipment. 

2. Install fuses and have all wiring continuous from service equipment to 

utilization outlets. 

3. Correct all undesirable ground, open and short circuit conditions. 

4. Provide source of temporary power for making tests if normal building 

power is not available at the time. 

 

B. Acceptance Testing: Take and record the following readings on systems 600 volts 

and below: 

 

1. Provide megger tests of all feeder conductors, including ground 

conductors for the following: 

a. Service entrance conductors 

b. Panelboard, MCC and dry transformer feeder conductors 

c. Emergency system feeders including feeders between generators, 

ATS’, panels, switchboards. 

d. Fire Pump feeders (normal and emergency feeders) 

2. Indicate measured Ammeter readings on all phases and neutral of each 

feeder to indicate balance. 

3. Ammeter readings on all phases of each polyphase motor.  Include 

nameplate full load current of each motor on data sheet. 

 

C. Test Reports: 

 

1. Certify that all overload devices have been set in accordance with data 

shown on the drawings and/or manufacturer's recommended setting. 

2. Send final certified test reports and Certifications to Architect and Owner 

for approval, in accordance with Section “Submittals.” 

 

3.5 ADJUSTING 

 

A. General: 

 

1. Make and perform all adjustments after building distribution system and 

all branch circuits are installed and operating. 

2. Make all ammeter measurements during regular working hours, when all 

personnel and equipment are working, to represent typical building 

conditions. 
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B. Feeder Balancing: 

 

1. Make adjustments to branch circuit connections within branch circuit 

panelboards.  Balance the load between each phase, as practicable. 

2. After branch panels are balanced, perform balancing of phase loads on 

distribution panels and switchboards. 

3. Report ammeter readings before and after adjustments for each panel or 

switchboard. 

 

 

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

 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Solid grounding of electrical systems and equipment. 

2. Basic requirements for grounding for protection of life, equipment, 

circuits, and systems. 

3. Specialized grounding systems for specific installations. 

 

B. Related Sections: The following sections contain requirements that relate to this 

Section: 

 

1. Section “Underground Ducts and Raceways for Electrical.” 

2. Section “Flagpoles” for grounding of flagpoles. 

3. Section “Food Service Equipment” for equipment grounding. 

4. Section “Lightning Protection For Structures” for grounding, bonding and 

interconnection of components and systems. 

5. Section “Fire Detection and Alarm.” 

6. Section “Common Work Results for Electrical.” 

7. Section “Low Voltage Electrical Power Conductors and Cables” for 

grounding conductors and attachments. 

8. Section “Low Voltage Electrical Distribution” for grounding, bonding and 

interconnection of 600V class distribution equipment. 

9. Section “Low Voltage Transformers” for grounding and bonding of 

equipment. 

10. Section “Structured Cabling” for grounding, bonding and interconnection 

of voice/data components and systems. 

 

1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Ground Rods. 
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2. Exothermic Weld materials. 

3. Grounding/bonding clamps. 

4. Main Electrical Grounding bus bars. 

5. Telecomm MDF and IDF ground bus bars. 

6. Computer Room Signal Reference Ground mat 

7. Step-Touch Potential Ground grid mat. 

 

1.4 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

B. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. NFPA 70, “National Electrical Code.” 

2. UL 467, “Grounding & Bonding Equipment.” 

3. IEEE. 

4. ANSI/EIA/TIA 607, “Commercial Building Grounding and Bonding 

Requirements for Telecommunications.” 

 

C. Requirements of power company, relating to grounding of utility company 

transformer pads. 

 

1.5 SEQUENCING 

 

A. General Sequencing: 

 

1. Install all subsurface grounding equipment after completion of grading and 

excavations to avoid disturbance of components. 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Available Manufacturers: Subject to compliance with requirements, 

manufacturers offering products that may be incorporated in the Work include, 

but are not limited to, the following: 

 

1. A.B. Chance Co. 

2. Cooper Power Systems 

3. O-Z/Gedney Co. 

4. Erico Cadweld 

5. Harger 
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2.2 GROUNDING AND BONDING PRODUCTS 

 

A. Products: Of types indicated and of sizes and ratings to comply with NEC.  Where 

types, sizes, ratings, and quantities indicated are in excess of NEC requirements, 

the more stringent requirements and the greater size, rating, and quantity 

indications govern. 

 

B. Conductor Materials: Copper. 

 

2.3 WIRE AND CABLE CONDUCTORS 

 

A. General: Comply with Section “Low Voltage Power Conductors and Cables.”  

Conform to NEC, except as otherwise indicated, for conductor properties, 

including stranding. 

 

B. Grounding Electrode Conductor: Stranded cable. 

 

C. Insulated Ground Wire: 

 

1. Minimum sizes per NEC or larger as indicated. 

2. Quantities and sizes as per drawings. 

3. Green insulation. 

 

D. Bare Ground Wires: 

 

1. For equipment bonding jumpers, equipment enclosures to the ground bus 

or lug, bonding conduit grounding fitting, and elsewhere as required. 

2. # 6 AWG minimum for bonding jumpers. 

3. Solid Conductors: Soft or annealed per ASTM B3, “Soft or Annealed 

Copper Wire.” 

4. Stranded copper per ASTM B8, “Concentric Lay Stranded Copper 

Conductors.” 

 

2.4 MISCELLANEOUS CONDUCTORS 

 

A. Ground Bus: Bare annealed copper bars of rectangular cross section. 

 

B. Braided Bonding Jumpers: Copper tape, braided No. 30 gauge bare copper wire, 

terminated with copper ferrules. 

 

C. Bonding Strap Conductor/Connectors: Soft copper, 0.05 inch thick and 2 inches 

wide, except as indicated. 
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2.5 GROUNDING ELECTRODE SYSTEM MAIN GROUND BUS BAR 

 

A. Bus bar shall serve as the main grounding point for the grounding electrode 

system, and shall provide a visible connection point for all interconnected 

grounding and bonding conductors in main electrical room. 

 

1. Bare annealed copper bars of rectangular cross section, 1/4" thick x 2" H x 

18" L. 

a. Pre-drilled for single and double-hole, solderless lug connectors. 

2. Insulated standoff mounting brackets with 1-1/2" insulators and 1" offset 

stainless steel bolts for rigid support. 

3. Erico, or comparable product by Harger or Burndy. 

 

2.6 TELECOMM MAIN GROUND BUS BAR (TMGB) 

 

A. TMGB shall serves as the main grounding point for incoming telephone/data 

service(s) and/or building telecomm system: 

 

1. UL467 Listed. 

2. Tinned, plated annealed copper bars of rectangular cross section, 

dimensions as noted below. 

3. Pre-drilled per BICSI with the following holes for bolted 1-hole solderless 

lug connections, as noted below. 

1. 1/4" thick x 4" H x 20" L with 27 pair of 5/16” and 3 pair of 7/16” holes. 

2. Insulated standoff mounting brackets with 1 1/2" insulators and 1" offset 

stainless steel bolts for rigid support. 

3. Erico Eritech #TMGB-A**L**PT series, or comparable product by Harger 

or Burndy. 

 

2.7 TELECOMM GROUNDING BUS BAR (TGB) 

 

A. TGB shall serve as the grounding point within each telephone, data, fiber or patch 

room or closet, or other similar areas serving as IDF points. 

 

1. UL467 Listed. 

2. Tinned, plated annealed copper bars of rectangular cross section, 

dimensions as noted below. 

3. Pre-drilled per BICSI with the following holes for bolted 1-hole, solderless 

lug connections, as noted below. 

4. 1/4" thick x 2" H x 12" L with 6 pair of 5/16” and 3 pair of 7/16” holes. 

5. Insulated standoff mounting brackets with 1 1/2" insulators and 1" offset 

stainless steel bolts for rigid support. 

6. Erico Eritech #TGB-A**L**PT series, or comparable product by Harger 

or Burndy. 
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2.8 CONNECTOR PRODUCTS 

 

A. General: Listed and labeled as grounding connectors for the materials used. 

 

B. Pressure Connectors: High-conductivity-plated units. 

 

C. Bolted Clamps: Heavy-duty units listed for the application. 

 

D. Exothermic Welded Connections: Provided in kit form and selected for the 

specific types, sizes, and combinations of conductors and other items to be 

connected. 

 

E. Aluminum-To-Copper Connections: Bimetallic type, conforming to UL 96, 

“Lightning Protection Components” or UL 467, “Grounding and Bonding 

Equipment.” 

 

2.9 GROUNDING ELECTRODES 

 

A. Ground Rods: 

 

1. One piece, copper-clad steel with high-strength steel core and electrolytic-

grade copper outer sheath, molten welded to core. 

2. Size: ¾ inch by 10 feet. 

 

2.10 FLEXIBLE BONDING STRAPS 

 

A. Flexible grounding/bonding straps for water meter jumpers, raised floor bonding, 

etc. 

 

1. Flexible, tinned, pure copper braid. 

2. Unplated, seamless pure copper rectangular ferrules at each end. 

3. Burndy Type B, or equal.  

 

PART 3  EXECUTION 

 

3.1 APPLICATION 

 

A. Equipment Grounding Conductor Application: Comply with NEC Article 250, 

“Grounding” for sizes and quantities of equipment grounding conductors, except 

where larger sizes or more conductors are indicated. 

 

1. Feeders and Branch Circuits: Install separate insulated equipment 

grounding conductors with circuit conductors.  Terminate on panelboard 
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or switchboard grounding bus bar, or on ground lug or bus in equipment 

enclosure, cabinet, etc.  Splicing of equipment grounding conductors is not 

permitted. 

2. Panelboards:  All equipment grounding conductors shall terminate on a 

single ground busbar within the equipment enclosure.  Bus bar shall be 

bonded to enclosure. 

3. Nonmetallic Raceways: Provide insulated equipment ground conductor in 

raceways with each branch circuit unless raceway is designated for 

telephone or data cables. 

4. Air Duct Equipment Circuits: Provide insulated equipment grounding 

conductor to duct-mounted electrical devices operating at 120VAC and 

above, including humidifiers, air cleaners, heaters, etc.  Bond the 

grounding conductor to each such unit and to the air duct. 

5. Heat Tracing and Snow Melting Cables: Provide separate insulated 

equipment ground conductor for each electric heat tracing or snow melting 

cable.  Bond this conductor to cable connection box, and to piping or other 

connected metallic equipment or components. Provide ground fault 

protection for heat tracing and snow melting circuits, per NEC. 

6. Water Heaters: Provide separate insulated equipment ground conductor to 

each electric water heater. Bond grounding conductor to water heater and 

connected piping. 

 

B. Underground Conductors: Bare, stranded copper except as otherwise indicated. 

 

C. Telecommunications:  Provide ground at all closets, server or IS rooms, MDF, 

IDF and equipment frame locations per ANSI EIA/TIA-607, “Commercial 

Building Grounding and Bonding Requirements for Telecommunications” and as 

specified herein. 

 

1. Provide grounding system which bonds all remote equipment rooms, 

racks, cabinets and/or frames to a ground bar in the main equipment room 

per ANSI. 

2. Main telephone/data service room or MDF room: 

a. Provide TMGB with insulated, standoff brackets.  Mount 18" AFF. 

b. Bond TMGB via #3/0 AWG stranded, insulated copper wire to the 

following: 

c. Building structural steel at nearest vertical column or beam via 

exothermic weld. 

d. Electrical system grounding electrode system directly to the main 

switchboard or panelboard ground bus, if accessible. 

e. Use hydraulic crimped lugs at TMGB and electrical ground bus 

connections. 

f. Each radial Telephone Bonding Backbone conductor shall connect 

directly to the TMGB. 
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3. All IDF and similar telephone/data room locations: 

a. Provide TGB with insulated, standoff brackets.  Mount 18" AFF. 

b. Bond directly to the TMGB via #3/0 AWG TBB conductor, 

following the same route as the backbone or riser cables. 

c. Provide additional bond to nearest vertical steel column via 

exothermic weld. 

4. Provide a Telephone Bonding Backbone (TBB) conductor to link closet or 

room TGB’s located remote from the TMGB. The TBB shall consist of the 

following: 

a. #3/0 AWG stranded, insulated copper wire installed along the 

same path as the telecomm riser or backbone cables. 

b. Bond directly to the TMGB. 

c. Bond to each TGB in closets or rooms through which the TBB 

passes. 

5. Provide a Ground Equalizer (GE) to interconnect the TGB’s of IDF’s or 

rooms, wherever two or more different vertical Telephone Bonding 

Backbones are installed. 

a. Provide one or more GE’s consisting of insulated #3/0 AWG 

conductor, connecting the two or more TGB’s on the same floor. 

b. GE conductors shall be installed on 3
rd

 floor and each succeeding 

3
rd

 level. 

c. Follow the shortest horizontal route possible between TGB’s. 

6. All grounding and bonding conductors shall be stranded copper, with 

green insulation (or black with green identification at all connection 

points). 

7. All connections to TMGB and TGB’s shall utilize hydraulic crimped 

copper lugs, with bolted connections to bus bars. 

8. All connections to steel columns shall be made with exothermic weld 

process. 

9. Split-bolt connectors are not permitted for any connections. 

10. Bonding conductors shall be continuous between connection points. Do 

not splice bonding conductors. 

11. Do not install in metallic conduit.  Where physical protection is required, 

utilize PVC conduit (except in plenums). 

 

D. Metal Lighting Poles: Ground pole to a local driven ground rod and bond to 

equipment grounding conductor run with supply branch circuit. 

 

E. Lightning Protection System: 

 

1. Bond grounding conductors and grounding conductor conduits to lightning 

protection down conductors or grounding conductors in compliance with 

NFPA 780, “Lightning Protection Code.” 

2. Common Ground Bonding With Lightning Protection System: Bond 
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electric power system ground directly to lightning protection system 

grounding conductor at closest point to electric service grounding 

electrode.  Use bonding conductor sized same as system ground conductor 

and installed in conduit. 

 

F. Building Structure & Grounding Electrode System Requirements: 

 

1. Provide bonding jumpers to make all sections of building structural steel 

electrically continuous per NEC Article 250, “Grounding and Bonding.”  

Connections shall be mechanical or exothermic weld type. 

2. Bond building steel to foundation rebar by welding rebar to column, or 

500 MCM stranded copper wire with exothermic weld connection to rebar 

and columns. 

3. Provide driven ground electrode (rods).  Spacing of multiple rods shall be 

at least twice the length of each rod. 

4. Provide connections to building water services (domestic and fire) via 

mechanical clamps. 

5. Provide UFER Ground (Concrete-encased electrode) at building footing or 

foundation, as required by NEC Article 250, “Grounding and Bonding.” 

a. Fabricate with minimum of 20 LF of 500MCM bare copper 

conductor laid lengthwise in excavation for foundation or footings. 

b. Install conductor within 2 inches of the bottom of the concrete. 

c. Where base of foundation is less than 20 feet in length, coil excess 

conductor at base of foundation. 

d. Bond conductor to reinforcing steel at four locations, minimum. 

e. Extend conductor below grade and connect to building grounding 

grid or grounding electrode. 

 

G. Dry Transformer Grounding: 

 

1. Ground all transformer components per NEC. 

a. Secondary neutral. 

b. Primary and secondary grounding conductors. 

c. Enclosure. 

d. Electrostatic shield (shielded units). 

e. Bond all together and to building steel per NEC Article 250 

“Grounding and Bonding”. 

f. Provide equipment ground conductor in primary feeder.  Connect 

to transformer ground lug or bus. 

 

H. Isolated Ground (IG) Panelboard Feeders: 

 

1. Provide separate, isolated ground (IG) bus in panelboard for all branch 

circuit isolated ground wires. 
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2. Connect IG bus to ground bus of separately derived power source.  Make 

no intermediate or additional bonds, except to the upstream derived source 

ground bus, including: 

a. Dry transformer ground bus. 

b. UPS system ground bus. 

c. PDU system ground bus. 

d. Generator system ground bus. 

e. Service entrance panel or switchboard ground bus, if no other 

separately derived source exists. 

3. Feeder isolated ground to be insulated and isolated to point of connection 

at upstream source 

4. Isolate IG conductor from equipment grounding conductor(s). 

5. Run IG conductor in same conduit with phase, neutral and equipment 

ground conductors. 

 

I. Isolated Ground Branch Circuits: 

 

1. Isolated Ground Receptacles (IG): 

a. Provide green insulated equipment ground wire from outlet ground 

pin to panel board isolated ground bus (if equipped).  Where 

panelboard does not have isolated ground bus, run the IG 

conductor to the upstream derived source ground bus or service 

entrance ground bus. 

b. Multiple outlets on the same branch circuit may share the same 

isolated ground conductor. 

c. Conduit, cable armor and box ground shall form an electrically 

continuous equipment ground path to the grounded panelboard 

enclosure per NEC. The conduit ground shall be insulated from all 

isolated ground wires.  The conduit ground and isolated ground 

paths shall be connected only at the derived source ground bus (1 

point only). 

d. Isolate IG conductor from equipment grounding conductor. 

 

3.2 INSTALLATION 

 

A. General: Ground electrical systems and equipment in accordance with NEC 

requirements except where the Drawings or Specifications exceed NEC 

requirements. 

 

B. Main Electrical Room and Substation Room Main Ground Busbar: 

 

1. Size, location, and arrangement as specified, and as indicated on plans.  

2. Space 2 inch from wall and support from wall 18 inches above finished 

floor, except as otherwise indicated. 
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3. Install using stainless steel mounting brackets and hardware, and non-

conducting insulators. 

 

C. Ground Rods: 

 

1. Locate a minimum of two-rod lengths from each other and at least the 

same distance from any other grounding electrode. 

2. Interconnect ground rods with bare conductors buried at least 24 inches 

below grade. 

3. Connect bare-cable ground conductors to ground rods by means of 

exothermic welds except as otherwise indicated. 

4. Make connections without damaging the copper coating or exposing the 

rod steel. 

5. Drive rods until tops are 6 inches below finished floor or final grade 

except as otherwise indicated. 

 

D. Metallic Water Service Pipe: 

 

1. Provide insulated copper ground conductors, sized as indicated, in conduit 

from the building main service equipment, or the ground bus, to main 

metallic water service. 

2. Connect ground conductors to the main metallic water service pipes by 

means of ground clamps. 

3. Where a dielectric main water fitting is installed, connect the ground 

conductor to the street side of the fitting.   Do not install a grounding 

jumper around dielectric fittings. 

4. Bond the ground conductor conduit to the conductor at each end. 

 

 

E. Water Meter Jumpers: Provide braided, flexible bonding straps to connect ground 

clamps on water meter piping to bypass water meters electrically. 

 

F. Route grounding conductors along the shortest and straightest paths possible 

without obstructing access or placing conductors where they may be subjected to 

strain, impact, or damage, except as indicated. 

 

3.3 CONNECTIONS 

 

A. General: Make connections in such a manner as to minimize possibility of 

galvanic action or electrolysis.  Select connectors, connection hardware, 

conductors, and connection methods so metals in direct contact will be 

galvanically compatible. 

 

1. Use electroplated or hot-tin-coated materials to assure high conductivity 
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and make contact points closer in order of galvanic series. 

2. Make connections with clean bare metal at points of contact. 

3. Aluminum to steel connections shall be with stainless steel separators and 

mechanical clamps. 

4. Aluminum to galvanized steel connections shall be with tin-plated copper 

jumpers and mechanical clamps. 

5. Coat and seal connections involving dissimilar details with inert material 

such as red lead paint to prevent future penetration of moisture to contact 

surfaces. 

6. Aluminum conductors shall have antioxidant coatings at all connections 

and shall have UL Listed AL-CU lugs as needed. 

7. Tighten grounding and bonding connectors and terminals, including 

screws and bolts, in accordance with manufacturer’s published torque 

tightening values for connectors and bolts.  Where manufacturer’s torque 

requirements are not indicated, tighten connections to comply with torque 

tightening values specified in UL 486A, “Wire Connectors and Soldering 

Lugs for Use with Copper Conductors” and 486B, “Wire Connectors for 

Use with Aluminum Conductors.” 

 

B. Exothermic Welded Connections: 

 

1. Use for connections to structural steel and for underground connections of 

conductors and rods. 

2. Install at connections to ground rods and plate electrodes. 

3. Comply with manufacturer’s written recommendations. 

4. Re-make any welds that are puffed up or that show convex surfaces 

indicating improper cleaning. 

 

C. Conductor Terminations: 

 

1. Terminate insulated equipment grounding conductors for feeders and 

branch circuits with pressure-type grounding lugs. 

 

D. Metallic Raceways: 

 

1. Where metallic raceways terminate at metallic housings without 

mechanical and electrical connection to the housing, terminate each 

conduit with a grounding bushing. 

2. Connect grounding bushings with a bare grounding conductor to the 

ground bus in the housing. 

3. Bond electrically non-continuous conduits at both entrances and exits with 

grounding bushings and bare grounding conductors. 

 

E. Compression-Type Connections: 
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1. Use hydraulic compression tools. 

2. Use tools and dies recommended by the manufacturer of the connectors. 

3. Provide embossing die code or other standard method to make a visible 

indication that a connector has been adequately compressed on the ground 

conductor. 

 

F. Moisture Protection: 

 

1. Where insulated ground conductors are connected to ground rods or 

ground buses, insulate the entire area of the connection and seal against 

moisture penetration of the insulation and cable. 

 

3.4 PAD-MOUNTED EQUIPMENT GROUNDING 

 

A. Padmounted Transformers and Switchgear: 

 

1. Provide a minimum of two (2) driven rods, installed at opposite corners. 

2. Interconnect with #4/0 AWG BCSD counterpoise at 24" depth.  

3. Exothermic weld connections. 

4. Provide ground conductor from one rods thru PVC conduit sleeve in 

bottom of pad to equipment ground bus connection. 

 

3.5 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Before making tests, complete all connections at panels, fixtures and other 

equipment. 

2. Install fuses and have all wiring continuous from service equipment to 

utilization outlets. 

3. Correct all undesirable ground, open and short circuit conditions. 

4. Arrange and pay for the services of a qualified independent electrical 

testing organization to perform tests described below. 

 

B. Acceptance Testing: Take and record the following readings on applicable 

systems, as described below: 

 

1. Site Tests: 

a. Provide tests of the completed grounding system using a 

megohmeter at each location where a maximum ground resistance 

level is specified. 

b. Measure ground resistance at least 48 hours after any precipitation 

and without the soil being moistened by any other natural or 
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artificial means. 

c. Tests shall be performed without chemical treatment or other 

artificial means of reducing natural ground resistance. 

d. Perform test by the Fall of Potential (3-point) method in 

accordance with IEEE 81 Guide for Measuring Earth Resistivity, 

Ground Impedance and Earth Surface Potentials of a Grounding 

System. 

2. Ground resistance maximum values shall be as follows: 

a. Building Grounding electrode driven rods: 

b. Rated 500 kVA and less:    10 Ohms 

c. Lightning protection system ground:   5 Ohms 

d. Utility pole arrester & transformer grounds:  10 Ohms. 

1. Feeder Equipment Grounding Conductor Tests: 

a. Perform test by the 2-point method to verify impedance in the 

ground system between installed components, including, but not 

limited to the following: 

1) Service switchgear, switchboard, panelboard or transformer 

and main grounding busbar. 

2) Branch panelboards to feeder source. 

3) Dry transformers to primary feeder source. 

4) Grounding equipment riser(s) (for transformers) from 

farthest point to point of connection at building main 

grounding busbar, switchboard ground, or other source 

connection point. 

2. Neutral-Ground Bond Testing: 

a. Test distribution system for presence of neutral-to-ground bonds at 

points other than service entrance and/or separately derived 

sources. 

b. Remove permitted N-G bond at point of common coupling, and 

verify no continuity between neutral and ground systems. 

c. Record the measured isolation (megohms) between the neutral and 

ground systems. 

d. Where continuity is found, provide further investigation to locate 

and remove such bonds. 

 

3.6 ADJUSTING 

 

A. General: 

 

1. Make and perform all adjustments after all building grounding systems are 

complete. 

 

B. Deficiencies of Service or Building Ground Systems: 
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1. Where ground resistance exceeds specified values, notify the Architect 

immediately. 

2. Modify the grounding system to reduce resistance values. 

3. Provide additional ground rods, interconnected with the others, installed at 

least 10 feet between rods. 

4. Retest ground resistance after modifications. 

5. Where values still exceed those specified, the Architect will provide 

additional direction. 

 

C. Unintentional Bonding of Grounds, Neutrals, etc. of Service or Building Ground 

Systems: 

 

1. Perform additional testing and measurements to locate the unintentional 

bonds. 

2. Remove unintentional bonds. 

3. Retest system(s) to prove desired isolation of systems. 

 

D. Reports: 

 

1. Prepare test reports, certified by the testing organization, of the ground 

resistance at each test location. 

2. Include observations of weather and other phenomena that may affect test 

results. 

3. Indicate measures taken to improve test results. 

4. Provide all final measurements of system isolation tests (megohms). 

 

 

END OF SECTION 
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SECTION 26 05 33 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Conduits. 

2. Conduit fittings and supports. 

3. Surface raceways. 

4. Multi-outlet assemblies. 

5. Device and outlet boxes. 

6. Pull and splice boxes. 

7. Floor mounted devices. 

8. Cable trays. 

 

B. Related Sections: The following sections contain requirements that relate to this 

Section: 

 

1. Section “Common Work Results for Electrical.” 

2. Section “Grounding & Bonding for Electrical Systems” for coordination 

with grounding equipment and attachments. 

3. Section “Low Voltage Electrical Power Conductors and Cables” for 

conductors to be installed in raceways. 

 

1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Conduits. 

2. Surface raceways. 

3. Floor mounted devices. 

4. Cable trays. 

 

B. Descriptive Data: 

 

1. To verify specifications have been met/exceeded.  

2. Indicate UL listing for all products. 
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3. Manufacturer's specifications, data sheets. 

4. Catalog cuts. 

5. Dimensional drawings. 

6. Capacity ratings. 

7. Information required indicating contract compliance. 

8. Clearly indicate the exact size or rating proposed. 

 

C. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01 requirements. 

 

1.4 DELIVERY, STORAGE AND PROTECTION OF EQUIPMENT 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Transport and handle all equipment to prevent bending, distortion or 

damage to products. 

 

B. Storage and Protection: 

 

1. Store all materials out of rain. 

2. Protect from physical damage. 

3. Guard against nicks and scratches on finished surfaces. 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Available Manufacturers: Subject to compliance with requirements, provide the 

named “Basis of Design” manufacturer and model (“Basis of Design” fixtures are 

indicated on the drawing fixture schedule), or a comparable product of one of the 

other following named manufacturers: 

 

1. Steel Conduits & Fittings: 

a. Allied Tube & Conduit 

b. American Electric/Steel City 

2. Non-Metallic Conduits & Fittings: 

a. Carlon 

b. Cantex 

3. Surface raceways & Multi-outlet assemblies: 

a. Wiremold 

b. MonoSystems, Inc. 

c. Hubbell 

4. Floor mounted devices: 

a. Wiremold 

b. Hubbell 
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c. MonoSystems, Inc. 

5. Cable trays: 

a. Cooper/B-Line Systems 

b. MP Husky 

c. Chalfant 

d. Wiremold 

e. MonoSystems, Inc. 

f. Cablofil 

 

2.2 METAL CONDUIT AND TUBING 

 

A. Rigid Galvanized Steel Conduit (RGS): 

 

1. ANSI C80.1 Rigid Steel Conduit, Hot dip Galvanized 

2. UL 6 Electrical Rigid Metal Conduit - Steel. 

3. Meets NEC Article 344, “Rigid Metal Conduit.” 

4. Material:  Steel heavy-wall, hot dip galvanized inside and outside. 

5. Joints:  Standard pipe thread; furnished with coupling; shipped with thread 

protector through 2-inch size. 

6. Minimum Size:  3/4 inch. 

 

B. Intermediate Metal Conduit (IMC): 

 

1. ANSI C80.6 Intermediate Metal Conduit - Zinc Coated. 

2. UL 1242 Intermediate Metal Conduit. 

3. Meets NEC Article 342 Intermediate Metal Conduit. 

4. Material:  Steel only, intermediate wall thickness, hot dipped galvanized. 

5. Joints:  Standard Pipe Thread, furnished with coupling, shipped with 

thread protector through 2-inch size. 

6. Minimum Size:  3/4 inch. 

 

C. Electrical Metallic Tubing (EMT): 

 

1. ANSI C80.3 Electrical Metallic Tubing - Zinc Coated. 

2. UL 6 Rigid Metal Conduit. 

3. Meets NEC Article 358, “Electrical Metallic Tubing.” 

4. Material:  Steel, thin-wall, electro-galvanized. 

5. Minimum Size:  3/4 inch. 

 

D. Flexible Metal Conduit (Greenfield): 

 

1. Zinc-coated steel. 

2. UL 1 Flexible Metal Conduit. 

3. Meets NEC Article 350, “Flexible Metal Conduit.” 

4. Material:  Steel, hot dip galvanized. 
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5. Minimum Size:  3/4 inch.   

 

E. Liquid tight Flexible Metal Conduit (Sealtite): 

 

1. UL 360 Liquidtight Flexible Steel Conduit. 

2. Meets NEC Article 351, “Liquidtight Flexible Metal Conduit and 

Liquidtight Flexible Nonmetallic Conduit.” 

3. Flexible steel conduit with PVC jacket. 

4. Galvanized flexible steel core. 

5. Extruded PVC jacket, gray or black. 

6. Minimum Size:  3/4 inch. 

 

2.3 NONMETALLIC CONDUIT AND TUBING 

 

A. Rigid Nonmetallic Conduit (RNC): 

 

1. Schedule 40 or 80 PVC. 

2. Meeting NEMA publication TC-2, “Electrical Plastic Tubing” (EPT) and 

“Conduit” (EPC-4 and EPC-80). 

3. UL-651 Schedule 40 and 80, “Rigid PVC Conduit.” 

4. Material complies with ASTM D 1784, “Standards for PVC compounds 

and CPVC compounds.” 

5. Meets NEC Article 352, “Rigid PVC Conduit.” 

 

B. Flexible Nonmetallic Raceway (HDPE): 

 

1. Nonmetallic flexible raceway manufactured from High Density 

Polyethylene (HDPE).  

2. Smooth interior and exterior construction. 

3. ETL Listed, Schedule 40 1" – 4". 

4. UL Listed 651 A & B. 

5. Meets NEC Article 353, “High Density PolyethyleneConduit: Type HDPE 

Conduit.” 

6. Suitable for directional boring specified for this project. 

7. Carlon HDPE conduits, or equal. 

 

2.4 CONDUIT FITTINGS 

 

A. All fittings to match conduit material and to be suitable for the purpose intended.  

All fittings shall be UL Listed. 

 

B. Expansion Fittings: 

 

1. Weather tight construction. 

2. Copper braid bonding strap & clamps. 
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3. Crouse Hinds, or equal. 

 

C. RGS/IMC Fittings: 

 

1. Threaded with insulated bushings. 

2. Galvanized steel or malleable iron. 

3. Double locknuts. 

4. Crouse Hinds, Steel City, Bridgeport, or equal. 

 

D. EMT Fittings: 

 

1. Compression type "Concretight" or "Raintight.” 

2. Zinc plated steel body and steel nut. 

3. Insulated throats. 

4. Setscrew fittings not permitted. 

 

E. Sealtite Conduit Fittings: 

 

1. Threaded ferrule, malleable iron compression nut and body. 

2. Nylon sealing ring. 

3. NEMA FB-1, “Fittings, Cast Metal Boxes, and Conduit Bodies for 

Conduit and Cable Assemblies.” 

 

F. Flexible Metal Conduit/MC Cable Fittings: 

 

1. 360
o
 squeeze type. 

2. Malleable iron or cast zinc bodies. 

3. Insulated throat. 

 

G. PVC Conduit Fittings: 

 

1. Formed PVC, sunlight and UV resistant, UL Listed. 

2. Schedule 40 or 80 to match conduit or tubing type and material. 

3. Material complies with ASTM D 1784, “Standards for PVC compounds 

and CPVC compounds.” 

4. Meets NEC Article 347, “Rigid Nonmetallic Conduit.” 

5. Meeting NEMA publications TC-3, “PVC Fittings for use with Rigid PVC 

Conduit and Tubing.” 

6. Fittings Listed under UL-514B, “Fittings for Cable and Conduit.” 

7. Medium voltage underground or sub-slab conduit systems: 

a. Minimum 36” bend radius for all conduit turn-ups into gear or 

pads. 

b. 25 ft radius, long-sweep bends for all bends and offsets in 

underground or sub-slab runs. 

c. End bells with smooth, flared ends for all conduits terminating 
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under pad-mounted switchgear, switchboards, transformers, etc. 

8. Telecommunication underground or sub-slab conduits: 

a. Minimum 36” bend radius for all 2” and larger conduits. 

b. 25 ft radius, long-sweep bends for all bends and offsets in 

underground or sub-slab runs. 

9. Conduit and elbows with factory belled end. 

10. Carlon Plus 40 conduit and fittings, or equal. 

 

2.5 CONDUIT SUPPORTS 

 

A. Single suspended feeder conduit:  

 

1. 1/2" - 2" Conduit: Adjustable hangers with 3/8" rods. 

2. > 2" Conduit: Adjustable hangers with 1/2" rods. 

3. Kindorf C-149 or C-150, B-line, or equal. 

 

B. Groups of suspended conduits: 

 

1. Steel channels with conduit straps. 

2. 2" threaded rods, minimum. 

3. Kindorf, B-Line, or equal. 

 

C. Flexible metal conduit, MC Cable: 

 

1. UL Listed Caddy Clips, or similar attachment methods. 

 

D. Surface mounted conduit: 

 

1. 1 or 2-hole pipe straps. 

 

 

2.6 DEVICE & OUTLET BOXES 

 

A. Indoor boxes - zinc-coated or cadmium plated steel, NEMA OS-1. 

 

B. Device boxes for surface mounting in unfinished spaces: 

 

1. One-piece, zinc-coated drawn steel, NEMA OS-1. 

2. Square boxes with rounded corners and no sharp, protruding edges. 

3. Knockouts on all four sides. 

4. Pre-drilled mounting holes, and ground wire screw holes. 

5. Raised device coverplates for switches or outlets, as required. T&B RS 

Series. 

6. Thomas & Betts, or equal. 
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C. Unheated, "damp" and "wet" locations and outdoor locations: 

1. NEMA 4X PVC. 

2. Glue-in conduit hubs. 

3. Gasketed coverplates. 

4. Sunlight (UV) resistant. 

 

D. Outlet boxes in un-plastered brick or block walls shall be provided with deep 

square-cut device covers. 

 

E. Furnished all boxes with appropriate covers. 

 

F. No sectionalized boxes shall be used. 

 

G. Provide “stud-to-stud” or “dual box to stud” mounting brackets to insure all 

adjacent boxes are level.  Thomas & Betts, or equal  

 

 

2.7 TELECOMMUNICATION OUTLET BOXES 

 

A. Back boxes: 

 

1. Recessed outlets: 

a. 4" x 4" x 2-1/2” deep steel, recessed device box. 

b. Single-gang steel reducer plate (plaster ring). 

 

2.8 JUNCTION AND PULL BOXES 

 

A. Dry locations: 

 

1. 12 gauge galvanized sheet steel minimum. 

2. Flat covers secured in position by round head brass or stainless steel 300 

grade machine screws. 

3. NEMA OS-1, “Sheet Steel Outlet Boxes, Covers and Box Supports.” 

 

B. Exterior and wet locations: 

 

1. Cast aluminum or galvanized cast-iron type. 

2. Threaded hubs. 

3. Gasketed screw-on cover plates. 

4. NEMA FB-1, “Fittings, Cast Metal Boxes, and Conduit Bodies for 

Conduit and Cable Assemblies.” 

 

C. Boxes imbedded in concrete: 

1. Galvanized cast iron. 
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D. All boxes sized to meet the requirements of the NEC. 

 

2.9 FLOOR MOUNTED DEVICES (POKE-THRU TYPE) 

 

A. Poke Through Floor Outlets: 

 

1. Mounted in 4" core drilled hole in slab. 

2. Quad 20 amp power receptacles, flush service head. 

3. Four (4) low voltage ports with Cat 5E RJ45 jacks. 

4. Integral fire and smoke barrier. 

5. Separate low voltage and power raceways. 

6. Die cast aluminum carpet flange, paintable. 

7. Black non-metallic cover, UL scrubwater compliant. 

8. ADA compliant. 

9. Wiremold RC4 Flush Quad Series Poke-Thru, MonoSystems P4 Series, or 

approved equal. 

 

2.10 FLUSH SINGLE SERVICE FLOOR BOXES 

 

A. Complete, flush, in-floor box consisting of floor box housing, flush removable 

coverplate, wiring device as indicated, all fittings, materials and labor. 

 

B. Coordinate exact locations and orientation with Owner prior to concrete pour. 

 

C. General: 

 

1. Flush mounted, rectangular boxes; single-gang. 

2. Brass trim ring for devices in carpeted or tiled areas. 

3. Coverplate per box, type as required. 

 

D. Box Construction: 

 

1. Galvanized steel boxes, 2 3/4" deep. 

2. Concrete-tight for in-floor use. 

3. Adjustable legs to leveling and adjustment prior to pour. 

4. Knockouts for conduit entry and feed through use. 

5. Wiremold Single Series #886, or equal. 

 

E. Coverplate & Wiring Devices: 

 

1. Single-gang brass carpet/tile coverplate. 

2. Brass device coverplate(s) with duplex fliplid type covers; Walker #895 

for duplex, #895GFI for GFI or TVSS outlets. 

3. UL scrub-water compliant. 
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4. ADA compliant. 

5. Receptacles, jacks and connectors as specified elsewhere. 

 

F. Modular Furniture Feeds: 

 

1. Connections for flexible conduits using 1/2" 90
o
 fittings. 

2. Grommet fittings for low voltage cables. 

3. Walkertap RC768-6 Furniture Service Fitting, or equal. 

 

G. Wiremold Single Series Floor Boxes, MonoSystems, or comparable product. 

 

2.11 FLUSH MULTI-SERVICE FLOOR BOXES 

 

A. Complete, flush, in-floor multi-service box consisting of floor box housing, flush 

removable multi-gang coverplate, wiring devices as indicated, all fittings, 

materials and labor.  Floor mounted, combination power, telecomm outlets per 

plans. 

 

B. General: 

 

1. Flush mounted, rectangular boxes; multi-gang. 

2. Brass trim ring for devices in carpeted or tiled areas. 

3. Single multi-gang coverplate per box, as required. 

 

C. Box Construction: 

 

1. Galvanized steel boxes, 3-15/32" deep. 

2. Concrete-tight for in-floor use. 

3. Adjustable legs to leveling and adjustment prior to pour. 

4. Knockouts for conduit entry and feed through use. 

5. Divided power and low voltage compartments. 

6. Walker Omnibox 880S series. 

 

D. Flange Kits & Wiring Devices: 

 

1. Single, multi-gang brass carpet/tile flange; Wiremold #817B, 827B or 

837B series. 

2. Brass device coverplate(s) with duplex fliplid type covers; Wiremold 

#828R for duplex, #828GFI for GFI or TVSS outlets. 

3. UL scrubwater compliant. 

4. ADA compliant. 

5. Receptacles, jacks and connectors as specified elsewhere. 

 

E. Modular Furniture Feeds: 
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1. Connections for flexible conduits using 3/4" 90
o
 fittings. 

2. Flexible conduit connections to furniture panels. 

3. Coverplate with 2-5/8" and 3/4" concentric threaded plugs. 

4. Wiremold 829CK-3/4 Coverplate. 

 

F. Wiremold Omnibox, MonoSystems, or comparable product. 

 

2.12 FLUSH MULTI-SERVICE FLOOR BOXES 

 

A. Complete in-floor multi-service box consisting of floor box housing, flush 

removable cover, and wiring devices, as specified, all fittings, materials and labor. 

 

1. Adjustable leveling and placement during rough in to accommodate 

structural and architectural elements, and other equipment.  

 

B. Construction: 

 

1. Galvanized steel per ASTM 525 G-60. 

2. Concrete-tight for in-floor use. 

3. Hinged access lid with grommeted cable ports to allow lid closure with 

receptacles in use. 

4. UL scrubwater compliant. 

5. ADA compliant. 

6. Adjustable legs for leveling and adjustment prior to pour. 

7. Knockouts for conduit entry and feed through use. 

8. 4 compartment box, individually sectionalized. 

9. 2 - Duplex 5-20R power receptacles. 

10. 2 - Duplex data RJ45 jacks, Category 5E. 

11. UL Listed, with separation of power and low voltage. 

12. Completely flush, rectangular, brass cover with hinged access lids.  Floor 

covering trim, as required. 

 

C. Wiremold RFB4 Multi-service steel recessed floor boxes or MonoSystems 

Concrete Floor Boxes, or comparable product. 

 

2.13 CABLE TRAY 

 

A. Complete system including fittings, and accessories as defined by latest NEMA 

publications.  UL Listed and Classified as Equipment Grounding Conductor. 

 

B. Construction: 

 

1. Extruded Aluminum Assoc. Alloy 6063 with fabricated parts of Alloy 

5052. 

2. Splice plates: 
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a. Aluminum tray: Wedge lock design, with four (4) square neck 

carriage bolts, serrated flange locknuts per plate. 

C. Aluminum center-spine tray with aluminum rungs: 

 

1. Center Spine: extruded 6063 T6 aluminum alloy. 

2. Rungs: 1-piece, rectangular cross-section aluminum alloy with radiused 

edges. 

3. Rung spacing: nine (9”) inches on center. 

4. Minimum cable bearing surface: 1 inch. 

5. Accessories: Horizontal and vertical pivot splice blocks, connectors, as 

required. 

6. Stiffener bars: installed on all 18" wide sections to stabilize tray when 

loaded unevenly. 

 

D. Dimensions: 

 

1. Tray width of six (6”), nine (9”), twelve (12”), eighteen (18”), twenty-four 

 (24”) inches per drawings. 

2. Side rail height inches/cable fill depth inches: (4/3”) (5/4”) (6/5”) (7/6”) 

inches. 

 

E. Design Loading: 

 

1. NEMA class 10 (A for 50 psf) (B for 75 psf) (C for 100 psf). 

2. Safety factor of 1.5. 

 

F. Available Manufacturers: Subject to compliance with requirements, provide a 

system by one of the following named manufacturers: 

 

1. Wiremold SpecMate A (Basis of Design). 

2. Cooper B-Line Cent R Rail. 

3. Monosystems Mono-Tray. 

 

 

2.14 WIRE BASKET CABLE TRAY 

 

A. Complete system including wire basket cable tray, fittings, supports and 

accessories as defined by latest NEMA publications.  

 

B. Description: Continuous, rigid, welded steel wire mesh cable management system 

for installation: 

 

1. Below raised floor in computer or server room(s). 

2. Suspended above IT or server equipment racks. 
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C. Construction: 

 

1. Mesh System: Permits continuous ventilation of cables and maximum 

dissipation of heat. 

2. Safety Edge: Continuous safety edge T-welded wire lip. 

3. Wire Mesh: Welded at all intersections. 

4. Material: Carbon steel wire, ASTM A 510, Grade 1008. Wire welded, 

bent, and surface treated after manufacture. 

5. Finish: Electro-Plated Zinc Galvanizing: ASTM B 633, Type III, SC-1. 

Finish applied after welding and bending of mesh. 

6. Nominal Dimensions: 

a. Mesh: 2” x 4” inches. 

b. Straight Section Lengths: 80” inches and 118” inches. 

c. Width: 8” inches or 12” inches, per drawings. 

d. Depth: 4” inches. 

e. Wire Diameter: 0.177” inch, minimum. 

 

D. Fittings: 

 

1. Field fabricated in accordance with manufacturer’s instructions from 

straight sections. 

2. Grounding: GTA-2-2 grounding lugs for attachment on tray of continuous 

ground conductor fixing system. 

 

E. Fasteners: As required by tray widths. Furnished by manufacturer. 

 

F. Support System: 

 

1. Cablofil type FASP under-tray trapeze support for use with threaded rod 

hangers.  Size to match tray width(s). 

 

G. Hardware: Hardware, including splice connectors and support components 

furnished by manufacturer. 

 

H. Accessories: Horizontal, vertical, turn-up, turndown and angled fittings, 

connectors, as required.  Provide above all IT or equipment racks, backboards, 

termination points above conduit sleeves, etc. 

 

I. Design Loading: 

 

1. Load Span Criteria: Install and support cable management system in 

accordance with span load criteria of L/240. 

 

J. Available Manufacturers: Subject to compliance with requirements, provide a 

system by one of the following named manufacturers: 
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1. Cablofil (Basis of Design). 

2. Wiremold FieldMate. 

3. MonoSystems Mono-mesh. 

4. Cooper B-Line Wire Basket. 

 

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Examine surfaces to receive raceways, boxes, enclosures, and cabinets for 

compliance with installation tolerances and other conditions affecting 

performance of the raceway system.  Do not proceed with installation until 

unsatisfactory conditions have been corrected. 

 

B. Examine areas to receive cable trays.  Make adjustments to elevations, routing, 

etc. to coordinate with other work including beams, lights, ducts, pipes, etc. 

 

3.2 APPLICATION 

 

A. General Exterior Conduit Applications: 

 

1. Direct buried: PVC, RGS 

2. Concrete ductbank:  PVC 

3. Above grade, building surfaces: IMC, RGS 

4. Roof surfaces: IMC 

5. Below covered roofs/overhangs: IMC, EMT 

6. Motors, pumps, etc. Sealtite 

 

B. General Interior Conduit Applications: 

 

1. All switchboard, panelboard or ATS feeders: 

a. Above slab: EMT 

b. Below floor slab: RGS, PVC* 

1) *RGS required where conduit penetrates through slab. 

c. Below raised access floors: EMT 

2. HVAC equipment circuits: 

a.  (>30 amps): EMT 

b. (< 30 amps): EMT, MC Cable 

c. Below floor slab: RGS, PVC* 

1) *RGS required where conduit penetrates through slab. 

3. Branch circuits (lighting, receptacles): 

a. Above accessible ceilings:  EMT, MC Cable 

b. Above inaccessible ceilings:  EMT, MC Cable 
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c. Concealed in CMU walls: EMT, PVC 

d. Within solid masonry walls: EMT, PVC 

e. Concealed within stud walls: EMT, MC Cable 

f. Surface mounted, finished areas:  Wiremold * 

1) *Only with Architect’s prior approval 

g. Surface mounted, unfinished areas:  EMT 

h. Below raised floors: EMT, sealtite 

i. Surface mounted (kitchen areas):  RGS 

j. In or below slab on grade to flush floor boxes: PVC 

4. Final Connections to Lights, dry transformers, small motors, vibrating 

equipment: 

a. Indoor, dry locations: Greenfield 

b. Outdoor, damp locations: Sealtite 

 

3.3 INSTALLATION 

 

A. General: 

 

1. Coordinate layout and installation of all raceways, cable trays, boxes and 

other equipment with other construction elements to ensure adequate 

headroom, working clearance, and access and to eliminate interference 

problems. 

2. Install raceways, boxes, enclosures, and cabinets as indicated, according to 

manufacturer's written instructions. 

3. Do not cut or drill structural members without permission of Architect.  

Provide reinforcing for opening as directed by Architect. 

4. Pierce metal deck where required for installation of electrical equipment. 

5. Support raceways and equipment as required by NEC, manufacturers, and 

as specified elsewhere. 

6. Provide grounding connections for raceway, boxes, and components as 

indicated and instructed by manufacturer. 

7. Tighten connectors and terminals, including screws and bolts, per 

manufacturer's published torque values, or per UL 486A, “Standard For 

Wire Connectors and Soldering Lugs for Use With Copper Conductors” 

where not specified. 

 

3.4 CONSTRUCTION 

 

A. Flexible Connections:  Use maximum of 6 feet of flexible conduit for connections 

to equipment subject to vibration, noise transmission, or movement, and for all 

motors.  Use liquid tight flexible conduit in wet or damp locations.  Install 

separate ground conductor across flexible connections.  Provide flexible 

connections as follows: 

1. Connections to motors between rigid conduit and connection box on 

motor. 
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2. Connections to equipment containing motors (power and control 

conduits). 

3. Connections to generators (ALL power, control and monitoring conduits). 

4. Connections to equipment subject to movement, rotation, vibration or 

oscillation. 

5. Connections from rigid conduit system to recessed lights. 

6. Connections to dry-type transformers. 

7. Connections of feeder conduit at bus duct plug-in breaker or switch. 

8. Other applications, as indicated. 

 

B. Connections to Powered Modular Furniture: Provide separate low voltage and 

power feeds to all pre-wired modular office furniture panels, sections, etc.   

 

1. Coordinate circuit rough-ins with approved furniture shop drawings, 

power connection locations and wiring requirements. 

2. Make all connections to furniture wiring whips.  Terminate all furniture 

whip conductors within wall connection box. 

3. Insure bonding of metal furniture frames via the green insulated equipment 

ground wire. 

4. Install whips and wall connection boxes to be accessible after assembly, 

but minimize visibility as practicable.  Do not permit long lengths of 

furniture whips to lay visibly on floor; shorten whips as needed, and 

conceal behind panels, etc. 

5. Wall or Column Feeds:  Conceal raceways in walls or columns or below 

slab to junction box at point of connection.  

6. Poke-Through Floor Feeds:  Provide connections from poke-through floor 

boxes to point of connection for furniture via flexible conduits. 

7. Provide sufficient slack in conduits to permit minor location adjustments 

of furniture (+6"). 

8. Locate connection boxes so as to be accessible without disassembly of 

furniture system. 

 

C. Supports:  Provide all supports, hangers, braces and attachments required for the 

work of this section. 

 

3.5 CONDUIT INSTALLATION 

 

A. General Installation Requirements: 

 

1. Install all conduit concealed, unless not possible. 

2. Surface mounting only as approved by Architect. 

3. Minimum size 3/4” inch, unless noted otherwise. 

4. Minimum 6" clearance from flues, heating pipes, or other hot surfaces 

above 80
o
F. 

5. Parallel and perpendicular to walls, structural members, ceilings and 
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interior surfaces; install plumb. 

6. Polypropylene or nylon pull line in each empty conduit. 

7. Use capped bushings or plugs during construction. 

8. Clean and cap all conduits left empty for future use. 

9. In masonry, install prior to wall construction and accurately set all outlets. 

10. On walls below grade, use stand-off brackets. Maintain minimum 2" space 

between conduit and wall surface. 

11. Where conduit passes through exterior walls, floor or roof, install 

appropriate fittings and materials to make openings watertight.  Repair 

pierced vapor barriers vapor-proof.  Provide flashing for each conduit 

piercing the roof. 

12. On walls in kitchens, use stand-off brackets to maintain minimum 2" space 

between conduit and wall surface, per Health Department requirements. 

 

B. Exposed Conduit in Exposed Ceiling Areas: 

 

1. Install all conduit tight to underside of deck, above all ducts, piping, etc. 

2. Install conduits within joist webbing and through spaces between steel 

beams and structure, as high as possible.  

3. Install parallel with building walls, beams and main structural elements. 

4. Minimize offsets by coordinating with other trades prior to installation. 

5. Install pull and junction boxes where least visible.  Install on far side of 

ducts, etc., as visible from the majority of room viewpoints. 

 

C. Raceways Embedded in Slabs: Install in slabs only where explicitly shown on 

drawings.  Install in middle third of the slab thickness where practical, and leave 

at least 1” inch concrete cover. 

 

1. Secure raceways to reinforcing rods to prevent sagging or shifting during 

concrete placement. 

2. Space raceways laterally to prevent voids in concrete. 

3. Run conduit larger than 1” inch trade size parallel to or at right angles to 

main reinforcement.  When at right angles to reinforcement, place conduit 

close to slab support. 

4. Transition rigid nonmetallic conduit to rigid galvanized steel (RGS) 

conduit before rising above floor slab. 

5. Protect stub-ups from damage where conduits rise through floor slabs.  

Arrange so curved portion of bends is not visible above the finished slab. 

6. Stub-Up Connections:  Extend conduits through concrete floor for 

connection to freestanding equipment with an adjustable top or coupling 

threaded inside for plugs, and set flush with the finished floor.  Extend 

conductors to equipment with rigid steel conduit; flexible metal conduit 

may be used 6” inches above the floor.  Where equipment connections are 

not made under this Contract, install screwdriver-operated threaded flush 

plugs flush with floor. 
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D. Flexible Conduit Installation Requirements: 

 

1. Group all flexible conduits running together in bundles with nylon cable 

ties. 

2. Route bundles neatly through ceiling cavities. 

3. Avoid constant changes in direction and elevation of bundles. 

4. Install perpendicular and parallel to column lines, except for final 

separation from bundles. 

5. Support bundles at regular intervals, per NEC, independent from ceiling 

hanger wires. 

6. Provide adequate clearance above accessible ceiling tiles, minimum of 

18.” 

7. Where flexible conduit or MC cable is used for final connections to 

motors, lights, etc., maximum length shall be 6 feet. 

 

E. Conduit Installation Below Raised Floors: 

 

1. General: 

a. Offsets for conduit crossings. 

b. Installed below Tele/comm cable tray, where applicable. 

c. Do not run power conduit near and parallel to telecomm cable tray 

or cables.  Maintain minimum of 24" clearance for parallel runs. 

d. Make telecomm cables or cable tray crossings at 90° degree angles. 

2. EMT Conduits below raised floor:  

a. Run parallel and/or perpendicular to floor stringers.  

b. Support off of floor slab a minimum of 1/2" using kindorf channel 

or similar spacers.  

c. Where crossing telecomm cable tray, EMT shall pass under the 

cable tray. 

3. Sealtite below raised floor:  

a. Run parallel and/or perpendicular to floor stringers.  

b. Train neatly in parallel runs.  Avoid crossovers of sealtite wherever 

possible. 

c. Where crossing telecomm cable tray, sealtite shall pass under the 

cable tray. 

 

F. Fittings & Terminations: 

 

1. Provide expansion fittings in all conduit where crossing building 

expansion joints. 

2. Provide expansion fittings in all runs of PVC conduit, a minimum of 1 

between every 2 fixed points. 

3. Tighten setscrews of threadless fittings with suitable tool.  Tighten 

compression fittings within wrenches. 
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4. Terminations: Use two locknuts, one inside and one outside the box.  

Provide insulated bushings or throats. 

5. Where terminating in threaded hubs, screw the raceway or fitting tight into 

the hub so the end bears against the wire protection shoulder.  Where 

chase nipples are used, align the raceway so the coupling is square to the 

box, and tighten the chase nipple so no threads are exposed. 

6. Sealing Fittings: Install per manufacturer's instructions.  Locate fittings at 

suitable, approved, accessible locations and fill them with UL-listed 

sealing compound.   Install raceway sealing fittings on conduit at the 

following points and elsewhere as indicated: 

a. Entering/leaving hazardous locations. 

b. Passing from warm locations to cold locations, such as the 

boundaries of refrigerated spaces. 

c. Where otherwise required by the NEC. 

 

3.6 DEVICE & OUTLET BOX INSTALLATION 

 

A. General Requirements: 

 

1. Install all boxes plumb and level. 

2. Install boxes at heights required. Refer to Section “Wiring Devices.” 

3. Install recessed boxes flush with final finished surface. 

4. Secure all boxes such that no movement occurs during normal use. 

5. Install ceiling mounted boxes with sufficient support and rigidity to 

prevent movement during normal connecting and disconnecting 

procedures. 

6. Install power and low voltage device boxes at same heights from floor or 

counters. 

7. Consistent Mounting Heights:  Provide installation of boxes at the same 

and consistent mounting heights throughout project.  Where multiple 

switch boxes or power and low voltage boxes are installed in close 

proximity, use “stud-to-stud” or “dual box to stud” mounting brackets to 

insure all boxes are level. 

 

3.7 FLOOR MOUNTED DEVICE BOX INSTALLATION 

 

A. Floor Mounted Devices - General: 

 

1. Set floor boxes level and adjust to floor surface. 

2. Make adjustments in fittings, lengths and placement during rough in to 

accommodate structural and architectural elements, and other equipment. 

3. Coordinate exact locations and orientation with Owner prior to concrete 

pour. 

 

B. Poke Through Floor Outlets: 
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1. Provide core-drilled hole in slab, size per outlet manufacturer. 

2. Mount device flush in slab. 

 

C. Poke Through Modular Furniture Feed Boxes: 

 

1. Provide core-drilled hole in slab, size per manufacturer. 

2. Mount housing and trim ring tight to floor. 

 

D. Stub-Up Floor Outlets: 

 

1. Mount on minimum 3/4” RGS conduit stub up at height per drawings. 

2. Conduit penetration through hole in slab. 

3. Cast iron device box with threaded hub(s) as required. 

4. Single or double gang box, as required. 

5. Coordinate exact locations and orientation with Owner prior to concrete 

pour. 

 

E. Flush In-Floor Device Boxes: 

 

1. Set boxes prior to concrete pour. 

2. Coordinate exact positions with Architect, Owner and related equipment. 

3. Provide separate conduit connections for power and low voltage sections.  

4. Protect housing with cover during concrete pour. 

5. Adjust for final height and make level after pour. 

6. Set trim rings and covers, adjust for flush fit with final floor covering or 

finish. 

 

3.8 CABLE TRAY INSTALLATION 

 

A. Above Ceiling Installations: 

 

1. Support tray from building structure using threaded rod of size per 

manufacturer. 

2. Use double nuts on threaded rod below tray or support devices. Cut excess 

rod 1/4" below bottom nut. 

3. Coordinate mounting height with other utilities to provide the straightest 

installation possible. 

4. Bottom of tray shall provide a minimum of 6” inches to ceiling tiles to 

allow for tile removal and easy access. 

5. Do not install directly over lights, where possible. 

6. Install level.  Provide manufacturer’s vertical and horizontal pivot joints or 

fittings to make changes to elevation and direction. 

7. Tray shall be electrically continuous from end to end. 

8. Bond metallic tray to building steel columns, a minimum of one bond for 
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every 100LF of tray. 

 

B. Wall Mounted Installations: 

 

1. Support tray from walls using anchors as recommended per manufacturer. 

2. Provide and coordinate installation of blocking in walls for strength. 

3. Coordinate mounting height with other devices and other sections of 

below ceiling trays to provide the straightest installation possible. 

4. Top most rung of tray shall provide a minimum of 6” inches clearance to 

ceiling to allow for cable installation. 

5. Install level.  Provide manufacturer’s vertical and horizontal pivot joints or 

fittings to make changes to elevation and direction. 

6. Tray shall be electrically continuous from end to end. 

7. Bond metallic tray to building steel columns, a minimum of one bond for 

every 100LF of tray. 

 

C. Fire stop penetrations through fire and smoke barriers, including walls, partitions, 

floors, and ceilings, after cables are installed. 

 

3.9 CLEANING 

 

A. General: 

 

1. Remove paint splatters and other spots, dirt, and debris. 

2. Touch up scratches and marred finishes to match original finishes. 

3. Clean front of all coverplates, etc. using methods and materials 

recommended by manufacturer. 

 

 

END OF SECTION 
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SECTION 26 05 43 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Utility coordination. 

2. Marker tape. 

3. Underground ductbanks. 

4. Direct Buried conduit. 

5. Directional bored conduit. 

6. Handholes. 

 

B. Related Sections: 

 

1. Section “Common Work Results for Electrical” for concrete pads, bollards 

and other related equipment. 

2. Section “Grounding and Bonding For Electrical Systems” for ground rods, 

grounding and bonding requirements of utility structure components. 

3. Section “Low Voltage Power Conductors and Cables” for grounding 

conductors and attachments 

4. Section “Raceways and Boxes For Electrical Systems” for conduit 

specifications. 

 

 

C. Permits and Fees: 

 

1. Apply, pay for and secure all permits, required for performance of work in 

this section, by the Authorities Having Jurisdiction prior to start of work, 

including, but not limited to, Street Cut Permits. 
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1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Utility Marker Tape 

2. Ductbank spacers 

3. Manholes, covers & accessories 

4. Handholes, covers & accessories 

 

B. Product data, including construction, materials, ratings, etc. 

 

C. Submit the following for each handhole: 

 

1. Manufacturer/cat. number. 

2. Manufacturer’s dimensional drawing(s). 

3. Indicate open or closed bottom. 

4. Type, rating, color and labels of covers. 

5. Type and material of lid hardware. 

6. Additional information to show compliance with specifications or 

drawings. 

 

D. Product Test Reports:  Certified copies of handhole or manhole manufacturer's 

design, factory tests, required by the referenced standards. 

 

1.4 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

 

B. Manufacturer/Vendor Requirements: 

 

1. Coordinate the components of the system and their arrangements 

electrically and mechanically. 
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C. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. ANSI (American National Standards Institute) 

2. NEC (National Electrical Code) 

3. NECA “Standards of Installation” 

4. NEMA (National Electrical Manufacturers Association) 

 

1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Provide all transportation of equipment to site. 

2. Provide for rigging needed for unloading, and setting large manholes or 

handholes into final position. 

 

B. Storage and Protection: 

 

1. Protect all utility structures from damage prior to installation. 

 

1.6 SEQUENCING 

 

A. General Sequencing: 

 

1. Coordinate with other underground utilities and structures such that deeper 

equipment is installed first, where possible. 

2. Provide stakeout of all underground and in-ground equipment to identify 

conflicts prior to trenching or excavation. 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURER 

 

A. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated in the work include, but 

are not limited to, the following: 

1. Composite Handholes: 

a. Hubbell Power Systems, Inc. Quazite 

b. Mansfield Oldcastle Precast, Inc. 

c. Fiberlyte 

 

2.2 BURIED UTILITY MARKER TAPE 

 

A. Non-biodegradable 3" wide plastic marker tape 12" below grade above every 
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ductbank and buried conduit or cable.  A system description (i.e. "ELECTRIC") 

shall appear continuously along its length.  Tape shall meet ASTM D1712, 

“Standard Practice for Resistance of Plastics to Sulfide Staining” tests for color 

fastness. Tape shall contain a metallic core, which can be detected after burial in 

ground.  Color coding per ANSI Z535.1. 

 

1. Electric   Red 

2. Communications Orange 

 

2.3 UNDERGROUND DUCTBANKS 

 

A. General: 

 

1. Underground ductbanks shall be arrangements of single bore, PVC plastic 

conduits, concrete encased with (where indicated) steel rebar.  

 

B. Materials: 

 

1. Conduit and Fittings: 

a. UL Listed, Type II, heavy-wall schedule 40 PVC. 

b. Conduit and fittings shall be as specified in Section ”Raceways and 

Boxes For Electrical Systems.” 

2. Concrete: 

a. 3,000 psi test at 28 days. 

b. Pea gravel aggregate for void-free duct penetration. 

3. Reinforcing: 

a. Deformed conforming to ASTM A615, “Standard Specification for 

Deformed and Plain Billet-Steel Bars for Concrete 

Reinforcement,” Grade 40 or Grade 60, minimum ½.” 

b. Coated rebar where exposed to earth, such as on ductbank 

stubouts. 

4. Spacers: 

a. Precast plastic, base and intermediate. 

5. Joint Sealant: 

a. Watertight as per by conduit manufacturer. 

6. Cable Sealing Bushings: 

a. OZ type CSB, with PVC coated discs, or equal. 

7. Thruwall and Floor Seals: 

a. OZ type "FSK" or "WSK", or equal. 
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2.4 DIRECT BURIED CONDUIT 

 

A. For direct buried 600 volt electrical circuits: 

 

1. PVC schedule 40 or PVC coated galvanized steel conduit, as indicated. 

2. Conduit as specified in Section “Raceways & Boxes For Electrical 

Systems.” 

 

2.5 DIRECTIONAL BORED CONDUIT 

 

A. For directional bore installation of 600 volt electrical circuits: 

 

1. HDPE conduits. 

2. Conduit as specified in Section “Raceways & Boxes For Electrical 

Systems.” 

 

2.6 IN-GROUND HANDHOLES 

 

A. Construction: 

 

1. Minimum size 18"x18"x24"D, unless noted otherwise. 

2. Lightweight composite construction. 

3. Sand/aggregate mixture bound with polymer and reinforced with woven 

glass strands. 

4. Compressive strength 11,000 psi. 

5. Flexural strength 7,500 psi. 

6. Structural capacity of handhole and lid meeting AASHTO Tier 15 for 

loading (15,000 pound design load) 

7. Heavy duty textured covers, color matched to installed locations: 

a. Grass areas - Green. 

b. Asphalt areas - Black. 

c. Concrete areas - gray. 

d. Brick or pavers - brick red. 

e. Landscaped areas - brown or green. 

8. All components sunlight resistant. 

9. Threaded inserts and stainless steel bolts for covers. 

10. Logo shall be integral with cover to indicate "ELECTRIC", 

"COMMUNICATION", "TELEPHONE", “SITE LIGHTING”, etc. 

11. Open bottom. 

12. Hubbell Power Systems, Inc. Quazite Composolite, or comparable product 

by Fiberlyte. 
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PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions: 

 

1. Examine the site where the work is proposed. 

2. Make allowances where proposed work shall cross, intersect or otherwise 

be affected by existing conditions. 

 

3.2 PREPARATION 

 

A. Utility Coordination: 

 

1. Contact MISS UTILITY, national “811” and/or (1-800-257-7777) prior to 

any excavation or underground work.  Arrange for marking of all utilities. 

 

2. Contact serving utility companies immediately upon award of contract.  

Do not install related equipment until fully coordinated with appropriate 

utilities. 

3. Provide all construction schedules, dates of requested services, outage 

windows, equipment locations, etc. necessary for utility work. 

4. Electric Utility: 

a. Coordinate underground service entrance equipment and layout 

with Power Company prior to ordering or installing any service 

related equipment.  

5. Telephone Utility: 

a. Coordinate incoming raceway with telephone utility company.  

Provide required conduit size as determined by telephone 

company.   

 

B. Utility Stakeout: 

 

1. On sites where public utility locating services are not provided (i.e. MISS 

Utility, “811”, etc.), provide for services of an experienced underground 

utility locating company to locate and clearly mark all buried utilities and 

structures in the area of work. 

2. Provide initial stakeout of proposed locations of all equipment and 

systems, as specified in this section. 

3. After coordination with all other proposed utilities and existing conditions, 

provide final stakeout of proposed installations, for Owner approval. 
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3.3 ENCASED & DIRECT BURIED CONDUIT INSTALLATION 

 

A. General Requirements: 

 

1. Install nonmetallic conduit and duct as indicated according to 

manufacturer’s written instructions. 

2. Determine exact plans and profiles of underground conduit and ducts, 

based on field information and available as-built plans. 

3. Perform test pits at all utility crossings as shown on plans and available as-

built drawings.  Locate all shown utilities and structures, and make 

adjustments to proposed work. 

4. Verify location and inverts of existing utilities at proposed points of 

connection. 

5. Slope: Pitch ducts minimum of 4 inches per 100 feet (1:300) to drain 

toward manholes and handholes and away from buildings and equipment.  

Slope ducts from a high point in runs between manholes or handholes to 

drain in both directions. 

6. Make all conduit joints and fittings watertight per to manufacturer’s 

instructions. 

7. Stagger couplings so those of adjacent ducts do not lie in the same plane. 

 

B. Curves and Bends: Use manufactured elbows with a minimum radius of 36" for 

stub-ups only at equipment and at building entrances.  Use manufactured long 

sweep bends with a minimum radius of 25 feet both horizontally and vertically at 

other locations and for all telecomm applications. 

 

C. Duct Entrances to Manholes:  Space and bells approximately 10 inches on center 

for 5-inch ducts and varied proportionately for other duct sizes.  Change from 

regular spacing to end-bell spacing 10 feet from the end bell without reducing 

duct line slope and without forming a trap in the line.   Grout end bells into 

manhole walls from both sides to provide watertight entrances. 

 

D. Duct Connections:   Provide connection of new ducts into existing manholes to 

prevent settling/cracking of ductbanks at manhole.  

 

1. Properly compact the soil below the proposed ductbank connection at the 

manhole, as specified elsewhere in this section. 

2. Extend ductbank and form ductbank concrete into the interior face wall of 

the manhole in a single application.  Do NOT stop ductbank outside 

manhole and grout remaining gaps around conduit.   

3. Provide a minimum of 8 LF of rebar in the ductbank from the interior 

manhole wall face into the buried ductbank. 

4. Provide duct end bells where exiting ductbank into manhole. 

5. Completely fill openings around entrance of duct lines with reinforced 
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concrete and for a watertight intallation. 

 

E. Duct Entrances to Handholes: Provide horizontal penetration of conduit into 

handholes.  Utilize manufacturer’s knockouts or field cut a punched hole opening 

for conduit.  Gradually transition conduit from specified buried depth to knockout 

locations. 

 

F. Building Entrances: Transition from underground conduit to interior conduit 10 

feet minimum inside the building wall.  Use fittings manufactured for the purpose. 

 Follow appropriate installation instructions below. 

 

1. Concrete-Encased Ducts: Install reinforcing in duct banks passing through 

disturbed earth near buildings and other excavations.  Coordinate duct 

bank with structural design to support duct bank at wall without reducing 

structural or watertight integrity of building wall. 

2. Direct-Buried, Non-encased Duct Entering Non-waterproofed Walls: 

Install a Schedule 40 galvanized-steel pipe sleeve for each duct.  Caulk 

space between conduit and sleeve with duct-sealing compound on both 

sides for moisture-tight seal. 

3. Waterproofed Wall and Floor Entrances: Install a watertight entrance-

sealing device with the sealing gland assembly on the inside.  Anchor 

device into masonry construction with 1 or more integral flanges.  Secure 

membrane waterproofing to the device to make permanently watertight. 

 

G. Separation Between Direct-Buried, Non-encased Ducts: 3 inches minimum for 

like services, and 6 inches minimum between power and signal ducts.  

 

H. Concrete-Encased Nonmetallic Ducts: 

 

1. Support on plastic separators coordinated with duct size and required duct 

spacing. 

2. Separator Installation: Space separators close enough to prevent sagging 

and deforming of ducts, and secure separators to the earth and to ducts to 

prevent floating during concreting.  Do not use tie wires or reinforcing 

steel that may form conductive or magnetic loops around ducts or duct 

groups. 

3. Concreting: Spade concrete carefully during pours to prevent voids under 

and between conduits and at exterior surface of envelope.  Do not use 

power-driven agitating equipment unless specifically designed for duct 

bank application.  Pour each run of envelope between manholes or other 

terminations in 1 continuous operation.  When more than one pour is 

necessary, terminate each pour in a vertical plane and install: 1-inch 

reinforcing rod dowels extending 18 inches into the concrete on both sides 

of joint near the corners of the envelope. 
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4. Reinforcing: Reinforce duct banks where they cross disturbed earth and 

where indicated. 

5. Forms: Use the walls of the trench to form the sidewalls of the duct bank 

where the soil is self-supporting and concrete envelope can be poured 

without soil inclusions; otherwise, use forms. 

6. Minimum Clearances Between Ducts: 3 inches between ducts and exterior 

envelope wall, 2 inches between ducts for like services, and 4 inches 

between power and signal ducts. Concrete envelope - 4 inches beyond 

surface of any conduit or duct. 

 

I. Stub-Ups: Use Schedule 40 PVC conduit for stub-ups to equipment.  For 

equipment mounted on outdoor concrete pads, extend conduit and terminate with 

end bell a minimum of 3" above pad. 

 

J. Sealing: Provide temporary closure at terminations of ducts that are wired under 

this Project.  Seal spare ducts at terminations.  Use sealing compound and plugs to 

withstand at least 15 psi hydrostatic pressure. 

 

K. Pulling Cord: Install 200-pound-test nylon cord in ducts, including each and every 

spare. 

 

L. Buried Utility Marker Tape installed 12" below grade above every ductbank and 

buried conduit. 

 

M. For direct buried 600 volt electrical circuits: 

 

1. Burial depth as required by NEC Article 300-5 and Table 300-5. 

2. Minimum separation from other utilities of 18.” 

 

N. Ductbank Burial Depth and Separations: 

 

1. Top of envelope below grade - minimum as follows: 

a. 24 inches (600 volts and below) 

b. 30 inches (above 600 volts) 

2. Separation from other buried utilities as follows: 

a. All utilities:   24" 

b. Uninsulated Steam:   48" 

 

O. Ductbank stubouts: 

 

1. Five feet out from manholes, minimum. 

2. Do not terminate under other ducts, concrete pads, pipes, etc.  Extend 

stubout 5 feet past obstacle. 

3. Extend PVC ducts and rebar 18" past end of concrete to allow future tie in. 
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4. Cap and seal all ducts to prevent water penetration. 

 

3.4 DIRECTIONALLY BORED CONDUIT INSTALLATION 

 

A. General Requirements: 

 

1. Install nonmetallic HDPE duct as indicated according to manufacturer’s 

written instructions. 

2. Locate all existing Determine underground conduit and ducts, based on 

field information, as-built plans, and utility locating contractor 

investigation. 

3. Perform test pits at all utility crossings as shown on plans and available as-

built drawings, and as found in field.  Locate all shown utilities and 

structures, and make adjustments to proposed work. 

4. Verify location and inverts of existing utilities at proposed points of 

connection by using vacuum excavation techniques. 

5. Directionally bored conduits shall be continuous for the entire installed 

length between manholes, handholes, or connection to other rigid conduit 

systems. 

 

B. Entrances to Manholes:  Space conduits approximately 10 inches on center for 5-

inch ducts and varied proportionately for other duct sizes.  Grout conduit ends into 

manhole or handhole walls from both sides to provide watertight entrances. 

 

C. Duct Entrances to Handholes: Provide horizontal penetration of conduit into 

handholes.  Utilize manufacturer’s knockouts or field cut a punched hole opening 

for conduit.  Gradually transition conduit from specified buried depth to knockout 

locations. 

 

D. Separation Between Directionally Bored Ducts: Install all parallel runs of 

directionally bored conduits within 12 inches (horizontally) of each other.  Length 

of each conduit shall not vary by more than 2% (longest to shortest conduit) over 

the length of the installation. 

 

E. Pulling Cord: Install 200-pound-test nylon cord in ducts, including each and every 

spare. 

 

F. Installation Depth and Separations For directionally bored 600 volt electrical 

circuits: 

 

1. Minimum burial depth as required by NEC Article 300-5 and Table 300-5, 

unless noted. 

2. Top of conduit below grade - minimum as follows: 

a. 36 inches (600 volts and below) 
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3. Separation from other buried utilities as follows: 

a. All utilities:   24" 

b. Steam:    48" 

 

3.5 HANDHOLE INSTALLATION 

 

A. General: 

 

1. Install approximately where shown and where required for underground 

conduit runs exceeding 150LF.  Exact location of each handhole shall be 

determined after careful consideration has been given to the location of 

other utilities, grading and paving. 

2. The location of each handhole shall be staked in field and approved before 

setting the handhole. 

3. Coordinate exact placement and elevation based on local grade, slope, 

other utilities, fences, roads and walkways, etc. which may affect location. 

4. Set level, and adjust for final, surrounding grade, such that lid is even with 

surrounding asphalt, concrete or soil. 

 

B. Conduit and Duct Connections:  

 

1. Sidewall conduit penetrations shall be sealed with grout or waterproof 

sealant. 

2. All conduit ends shall have bell fittings, or nylon or plastic bushings to 

prevent damage to wire insulation when pulling. 

 

C. Handhole Drainage: 

 

1. Set handholes on minimum 6-8" layer of clean, compacted gravel or stone 

for drainage (no dust). 

2. Provide filter fabric, placed between gravel and earth below handhole, and 

wrapped up along sides to prevent contamination of stone. 

 

3.6 CONSTRUCTION 

 

A. Excavation and Backfilling: 

 

1. Perform all excavating and backfilling necessary to install underground 

ductbanks, manholes, cables, etc., included in this Division of the work.  

Excavation and back fill shall be performed in accordance with the 

requirements specified under Site Work Divisions. 
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B. Cutting and Patching: 

 

1. Provide all cutting and patching necessary for the installation of the 

electrical work.  Any damage done to the work already in place by reason 

of this work, shall be repaired at the Installer's expense by a qualified 

mechanic experienced in such work.  Patching shall be uniform in 

appearance and shall match with the surrounding surface. 

 

C. Grounding: 

 

1. Refer to Section “Grounding & Bonding For Electrical Systems” for 

specific requirements. 

 

3.7 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Inspect all installed work after completion of rough and final grading to 

ensure no damage has occurred to installed components. 

2. Ensure final grading matches elevation of all installed components.  Make 

adjustments, as required, to correct for settling, etc. 

3. Verify all handhole and manhole lid logos match the contained systems. 

 

3.8 ADJUSTING 

 

A. General: 

 

1. Make adjustments to manhole or handhole lid elevations to match final 

grades. 

2. Where lids will more than 1 inch lower than surrounding final grade, 

concrete, or asphalt, make adjustments to structure elevation, collar height, 

grading or concrete/asphalt installation to provide matched elevations. 

 

3.9 CLEANING 

 

A. Handholes: 

 

1. Remove all wire clippings, tape, loose debris, etc. from inside of all 

manholes and handholes. 
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B. Ducts & Conduit: 

 

1. After installation, but prior to installing cables, pull a mandrel sized ¼" 

less than conduit ID to confirm no blockages or collapsed ducts. 

2. Clean each installed conduit with a stiff brush to remove debris. 

 

 

END OF SECTION 
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SECTION 26 20 00 - LOW VOLTAGE ELECTRICAL DISTRIBUTION 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01  Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section includes: 

 

1. Automatic Circuit Breakers 

2. Surge Protective Devices 

3. Disconnect Switches 

4. Panelboards 

 

B. Related Sections: 

 

1. Section “Underground Ducts and Raceways For Electrical Systems” for 

coordination with connecting buried conduits, manholes, etc. 

2. Section “Lightning Protection For Structures” for bonding and 

interconnection of electric service equipment. 

3. Section “Common Work Results for Electrical” for concrete pads, 

bollards, labeling, and other general requirements. 

4. Section “Grounding & Bonding for Electrical Systems” for grounding and 

bonding requirements. 

5. Section “Low Voltage Power Conductors and Cables” for 600V 

conductors. 

6. Section “Commissioning of Electrical Systems” for specific 

commissioning and functional performance testing requirements. 

 

1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Automatic Circuit Breakers & Enclosures 

2. Surge Protective Devices 

3. Emergency Shutoff Switches 

4. Pushbutton operators. 

5. Disconnect Switches 

6. Contactors 

7. Time Clocks 
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8. Panelboards 

 

B. Product data: Include dimensions, construction, materials, performance data, etc. 

 

C. Provide submittal data for each product type. 

 

1. To verify specifications have been met/exceeded.  

2. Independent laboratory test data where requested. 

3. Clearly indicate or state all options, etc.: 

 

D. Submit the following for each Surge Protective Device: 

 

1. Manufacturer/cat. number. 

2. UL Listed and labeled per UL 1449 4th Edition and UL 1283. 

3. Designation Type of the SPD and  Type 1 Device Listing 

4. Indicate surface or integral panel/switchboard mounting. 

5. System voltage & configuration. 

6. Short Circuit Current Rating (SCCR) 

7. Voltage Protection Ratings (VPRs) for all modes 

8. Maximum Continuous Operating Voltage rating (MCOV) 

9. I-nominal rating (I-n) 

10. Indicate options and/or accessories. 

11. Suppression circuit design and components. 

12. Proof of manufacturer’s 5 year warranty.  

13. Manufacturer’s installation instruction manual.  

14. Manufacturer’s recommended wire and breaker sizes clearly identified and 

marked.   

15. Clearly identify manufacturer’s required external OCP breaker or fuse 

ratings. 

16. Additional information to show compliance with specifications or 

drawings. 

17. Shop drawings including and 1-line drawings detailing dimensions and 

weight of enclosure, internal wiring diagram illustrating all modes of 

protection in each type of SPD required, wiring diagram showing all field 

connections.  

 

E. Submit the following for each panelboard: 

 

1. Manufacturer/cat. number. 

2. Surface or flush mounting. 

3. Main lugs or breaker ratings. 

4. Integral surge protection devices (SPD). 

5. Special lug configurations (double main lugs, feed through lugs, etc.). 

6. Non-linear ratings, oversized neutrals, etc. 

7. Specific listing of all installed breakers, spares and spaces, including 
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installed position within panel or switchboard. 

8. Interrupting rating of components and assemblies. 

9. Bus materials and ratings. 

10. Additional information to show compliance with specifications or 

drawings. 

 

F. Submit the following for each switchboard: 

 

1. Manufacturer/catalog number. 

2. Elevation showing dimensions and sections. 

3. 1-line diagram showing all components, connections, accessories, etc. 

4. Incoming or metering sections. 

5. Auxiliary wiring sections, as required. 

6. Main lugs, switch, or breaker ratings. 

7. Customer metering equipment. 

8. Integral surge protection devices (SPD). 

9. Specific listing of all installed breakers, spares and spaces, including 

installed position within panel or switchboard. 

10. Interrupting rating of components and assemblies. 

11. Bus materials and ratings. 

12. Full scale log-log graph of fuse or breaker curves, when requested. 

13. Complete information for all adjustable features, settings, etc.  Include 

setting range and factory setting. 

14. Ground fault protection system information including adjustable settings, 

ranges and factory settings. 

15. Additional information to show compliance with specifications or 

drawings. 

 

G. Product Test Reports:  Certified copies of manufacturer's design and routine 

factory tests required by the referenced standards. 

 

H. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01  requirements, Section “Common Work Results For Electrical”, and 

as follows: 

 

1. All post-installation inspection checklists. 

2. Installer’s pre-startup checklist. 

3. Post installation load test results. 

4. Preventative maintenance schedule for each unit. 

 

1.4 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 
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1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

3. Where equipment consists of multiple components, the entire assembly or 

product shall be UL Listed and Labeled, or Labeled by a testing 

organization acceptable to the Authority Having Jurisdiction per the NEC. 

 

B. Single-Source Responsibility: 

 

1. The complete performance of assembled panelboards and/or switchboards, 

including all integral accessories, shall be the sole responsibility of the 

equipment supplier. It is the installer’s responsibility to ensure that all 

factory and field installed accessories and loose components used in the 

system, meet these specifications, and perform up to the stated and tested 

standards. 

 

C. Manufacturer/Vendor Requirements: 

 

1. Coordinate the components of the system and their arrangements 

electrically and mechanically. 

2. Manufacturer shall be experienced in manufacturing equipment of the 

types and capacities indicated that have a record of successful in-service 

performance for a minimum of 10 years. 

3. Maintain, within 50 miles from site, a maintenance and service 

organization complete with parts inventory and repair facility.  Service 

shall be available on a 24-hour basis. 

4. Start up services and post installation tests, as specified. 

 

 

D. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. ANSI   American National Standards Institute 

2. ASME   American Society of Mechanical Engineers 

3. ASTM   American Society for Testing and Materials 

4. IEEE  Institute of Electrical and Electronics Engineers 

5. IEEE C2 National Electrical Safety Code 

6. NEC  National Electrical Code 

7. NECA  National Electrical Contractors’ Association “Standards of 

  Installation” 

8. NEMA   National Equipment Manufacturers Association 

9. NETA  National Electrical Testing Association 

10. NFPA  National Fire Protection Association 

11. UL  Underwriter’s Laboratories 
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1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Provide all transportation of equipment to site. 

2. Provide for rigging needed for unloading, and setting large panels or 

switchboards into final position. 

 

B. Storage and Protection: 

 

1. Where unit is to be installed indoors, without enclosure, store in covered 

building or offsite to prevent exposure to weather, etc.  

2. Apply temporary heat according to manufacturer’s recommendations 

within enclosure of each switchgear or switchboard section throughout 

periods during which equipment is not energized and is not under normal 

control of temperature and humidity. 

 

1.6 PROJECT CONDITIONS 

 

A. Electrical service to the facility: 

 

1. 480Y/277 volt. 

2. 3 phase, 4 wire. 

3. Grounded wye. 

 

1.7 SEQUENCING 

 

A. General Sequencing: 

 

1. Coordinate panelboard and switchboard installation with exterior and/or 

interior construction. 

2. Provide for sub-grade or subslab roughins. 

3. Coordinate construction of concrete pads with switchboard location. 

4. Provide positioning and roughins such that required clearances are 

maintained after final installation. 

 

1.8 WARRANTY 

 

A. Special Warranty: Extended product warranty over and above that required by 

General Conditions of this contract.**- 

 

1. Surge Protective Devices: 

a. Warranty shall be by the SPD manufacturer. 

2. Warranty period of five (5) years from initial start up.  
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3. Warranty includes all parts, labor, travel expenses, with no deductibles. 

4. Installer shall complete and file all necessary documents to assure 

fulfillment of warranty requirements. 

5. Deliver warranty documents to Owner in O & M manuals. 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURER 

 

A. Available Manufacturers:  Subject to compliance with requirements, provide a 

system by the named “Basis of Design” manufacturer, or a comparable product of 

one of the other following named manufacturers: 

 

1. Automatic Circuit Breakers & Enclosures: 

a. Square D/Schneider Electric (basis of design) 

b. General Electric 

c. Siemens 

d. Cutler-Hammer 

2. Surge Protective Devices: 

a. Advanced Protection Technologies, Inc. (basis of design) 

b. Square D/Schneider Electric 

c. Surge Supression, Inc. 

d. Liebert 

e. Siemens 

3. Safety Disconnect Switches: 

a. Square D/Schneider Electric (basis of design) 

b. General Electric 

c. Siemens 

d. Cutler-Hammer 

e. Menekes 

4. Panelboards: 

a. Square D/Schneider Electric (basis of design) 

b. General Electric 

c. Siemens 

d. Cutler-Hammer 

 

2.2 AUTOMATIC CIRCUIT BREAKERS 

 

A. UL Listed, automatic circuit breakers for installation within panelboards and 

switchboards, or with enclosed cabinets and trim. 

 

B. Circuit breakers: 

 

1. Molded case, thermal magnetic, inverse time, unless noted otherwise. 

2. Adjustable magnetic trip settings for thermal-magnetic breakers >225 
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amps. 

3. Ratings as per drawings. 

4. Solid state electronic trip units for ground fault, long time pick-up and 

delay, short time pick-up and delay and instantaneous settings, where 

indicated. All breakers identified on drawings, or specified herein as 

having Electronic Trip Units (ETU) shall have the following features: 

a. Long Time Pickup and Delay. 

b. Short Time Pickup and Delay. 

c. Instantaneous. 

d. Ground Fault Pickup & Delay. 

e. Zone Selective Interlocking on Short Time and Ground Fault. 

f. True RMS sensing. 

g. Adjustable setpoints via clearly marked dials. 

h. Clear lexan cover to seal adjustable settings from tampering or 

accidental contact. 

i. Square D MicroLogic 6.0 Electronic Trip Units, or approved equal. 

5. UL Listed Service Entrance use, where required. 

6. Rated for 3φ delta systems where applicable. 

7. Square D, or approved equal. 

 

C. Ground Fault Interrupter (GFI) branch breakers: 

 

1. Installed in branch circuit panelboards, where indicated. 

2. Single or two pole, per panel schedule. 

3. Class A protection, 6 mA trip for receptacle circuits. 

4. Equipment ground fault protection, 30mA trip for heat trace or other non-

receptacle circuits. 

 

D. Enclosure and trim: 

 

1. NEMA 1 enclosure, unless noted otherwise. 

2. Deadfront cover. 

3. Padlock provisions for locking breaker handle in ON or OFF position. 

4. Rust-inhibiting phosphatized primer. 

5. Factory finish paint (ANSI 61 gray). 

 

2.3 SURGE PROTECTIVE DEVICES 

 

A. Minimum Design Standards, latest editions: 

 

1. UL 1449. Latest Edition, “Surge Protective Devices” 

2. UL 1283, “Standard for Electromagnetic Interference Filters Listed.” 

3. ANSI/IEEE C62.33, “Standard Test Specifications for Varistor 

Surge-Protective Devices.” 

4. ANSI/IEEE C62.41.1 – 2002, “IEEE Guide on the Surge Environment in 
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Low-Voltage (1000 V and Less) AC Power Circuits” and C62.41.2 – 

2002, “IEEE Recommended Practice on Characterization of Surges in 

Low-Voltage (1000 V and Less) AC Power Circuits.” 

5. ANSI/IEEE C62.45 - 2002, “IEEE Recommended Practice on Surge 

Testing for Equipment Connected to Low-Voltage (1000 V and Less) AC 

Power Circuits.”  

6. ANSI/NFPA 70, “National Electrical Code Article 285.” 

 

B. Surge Protection: 

1. SPD shall provide surge current paths for all modes of protection:  

a. Wye systems: 10-modes; L-L, L-N, L-G, and N-G  

b. Corner Grounded Delta systems:   6-modes; L-L, L-G 

c. Hi-Leg Delta:  8-modes: L-L, L-N, L-G 

2. Minimum surge current capability (single pulse rated) per phase shall be: 

a. Service Panels/Swbd  200,000 A per phase 

b. Distribution Panels  150,000 A per phase 

3. UL 1449 Listed Voltage Protection Ratings (VPRs) shall not exceed the 

following: 

System Voltage  L-N  L-G  L-L 

 N-G 

208Y/120  700V  700V  1200V  700V 

480Y/277  1200V  1200V  1800V  1200V 

240/120 Hi-Leg Delta 700/1200V 700/1200V 1800V  700V 

240/120, 1P, 3W 700V  700V  1200V  700V 

4. UL 1449 Listed Maximum Continuous Operating Voltage (MCOV): 

System Voltage  Allowable System Voltage Fluctuation (%)

 MCOV 

208Y/120    25%    150V 

480Y/277    15%    320V 

240/120 Hi-Leg Delta   25%         150/320V 

240/120, 1P, 3W   25%    150V 

5. SPD shall be UL labeled with 200kA Short Circuit Current Rating 

(SCCR); 100kA SCCR for 120/240V, 1P, 3W systems.  Fuse ratings shall 

not be considered in lieu of demonstrated withstand testing of SPD, per 

NEC 285.6.  

6. SPD shall be UL labeled as Type 1 (intended for use without need for 

external or supplemental overcurrent controls).  Every suppression 

component of every mode, including N-G, shall be protected by internal 

overcurrent and thermal overtemperature controls.  SPDs relying upon 

external or supplementary installed safety disconnects do not meet the 

intent of this specification. 

7. SPD shall be UL labeled with 20kA I-nominal (I-n) for compliance to UL 

96A Lightning Protection Master Label and NFPA 780. 

8. SPD’s in main service switchboards or panelboards shall include a 

serviceable, replaceable modules (excludes Branch and Distribution Panel 
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SPD’s).   

9. Type 1 SPD’s shall also meet UL800 for use on line side of main 

disconnect. 

 

C. EMI/RFI Filtering: 

 

1. SPD shall have UL 1283 EMI/RFI filtering with minimum attenuation of -

50dB at 100kHz. 

2. Protection for common and normal mode noise. 

 

D. Construction: 

 

1. Stand-alone mounting, per drawings. 

2. Separate enclosure mounting: 

a. cover. 

b. Unfinished areas: Surface mounted NEMA 1 steel enclosure, piano 

hinged cover. 

c. Integral main fused disconnect switch, service entrance rated. 

3. SPD shall be provided with integral disconnect switch when 3-pole 

breaker is not available for connecting the suppressor 

 

E. Internal connections: 

 

1. Connected in parallel with wiring system. 

2. All internal wiring subject to surge currents shall utilize low-impedance 

copper bus bar and/or minimum #4 AWG copper conductors.  

3. Compression solderless-type lugs bolted to bus bars. 

4. No quick-disconnect terminals or PC boards permitted in surge current-

carrying paths. 

5. Externally visible status LED's (Green – OK, Red-Service), 1 pair per 

phase. 

6. Audible alarm sounder for module failure. 

7. Test/silence switch for LED’s/audible alarm. 

8. 1 set of NO/NC dry contacts (Service Entrance switchboard or service 

entrance panelboard applications only) 

9. Surge event counter with backup power source or EPROM memory to 

prevent loss of data (Service Entrance switchboard or service entrance 

panelboard applications only) 

 

F. Manufacturer’s Warranty: 

 

1. Five year unlimited module or unit replacement. 

 

G. Manufacturer: 

 



 

 

Bowman Development Corp.            LOW VOLTAGE ELECTRICAL  26 20 00-10 

Urban Educational Complex                         DISTRIBUTION 

1. Advanced Protection Technologies, Inc., or comparable product by 

previously named manufacturers.  Basis of Design is the following APT 

models: 

a. Service Entrance application: XAS20 series. 

b. Distribution Panels:  XDS15 series. 

 

 

2.4 COMPACT, ROTARY HANDLE DISCONNECT SWITCHES 

 

A. Provide disconnect switches as shown on the drawings and where required by the 

National Electrical Code at under-sink instantaneous water heaters, etc. 

 

1. UL 508 Listed Motor Circuit Disconnect Switch, horsepower rated for 

motor applications. 

2. 240 or 480V rated, per application. 

3. Rated through 150 amps. 

4. Short circuit rated to 10kA Interrupting rating. 

5. Nylon enclosure, NEMA 4X for exterior, damp, or wet locations, on roof 

or on grade. 

6. Externally operated, rotary handle with all phases switched 

simultaneously. 

7. Padlock capable per OSHA regulations. 

8. Mennekes HDI Series, Square D MD Motor Disconnects, Mersen, or 

equal. 

 

2.5 SAFETY DISCONNECT SWITCHES 

 

A. Provide safety disconnect switches as shown on the drawings and where required 

by the National Electrical Code. 

 

1. Horsepower rated for motor applications. 

2. Solid neutral terminals where applicable. 

3. Shielded phase conductor terminals. 

4. Heavy duty type; 200kA Interrupting rating. 

5. Enclosure ratings (unless indicated otherwise): 

a. NEMA 1 for interior. 

b. NEMA 3R for exterior, damp, or wet locations, on roof or on 

grade. 

c. NEMA 4X Stainless Steel for specific locations as indicated on 

drawings or schedules. 

d. NEMA 4X Stainless Steel for food service and dishwashing areas. 

e. NEMA 4X Non-Metallic for use in pool pump/filter/chemical 

rooms. 

6. Cover interlock to prevent operation with cover open. 

7. Rejection feature (Class R) fuses, for fused units. 
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8. Externally operated, with all current carrying parts silver or tin plated.  

Side handle, quick-make, quick-break operation. 

9. Padlockable, minimum of 2. 

10. Disconnects for boilers shall comply with ASME CSD-1-2012, “Controls 

& Safety Devices for Automatically Fired Boilers.” 

11. Square D, or comparable product by previously named manufacturers. 

 

 

2.6 PANELBOARDS 

 

A. UL Listed, factory assembled, circuit breaker panelboards with cabinets and trim, 

branch breakers. 

 

B. Enclosure and trim: 

 

1. NEMA 1 enclosure unless noted otherwise. 

2. Front-hinged door with lock. 

a. All panels keyed alike. 

b. Factory finish paint (ANSI 61 gray) on all surfaces. 

c. Rust-inhibiting phosphatized primer. 

d. Provide minimum (2) keys per lock. 

3. Galvanized back box. 

4. Recessed or surface mounting as indicated.   

 

C. Ratings: 

 

1. Fully rated interrupting ratings as per schedules. 

2. UL Listed for Service Entrance, where applicable. 

a. Provide neutral to ground bonding. 

3. Amp ratings as per drawing schedules. 

 

D. Construction: 

 

1. Main lugs or breaker per drawing schedules. 

2. Main breakers with additional line side lugs or termination lugs for 

connection of line side Type 1 SPD. 

3. All phase, neutral and ground bus bars shall be copper  

4. Interior equipment ground bar bonded to enclosure.  Fully sized per NEC 

and UL, with sufficient lugs to accommodate all incoming and outgoing 

equipment grounding conductors. 

5. Panels shall accept plug-on and bolt-on branch breakers. 

6. Plug-on branch breakers for ratings <60 Amps. 

7. Bolt-on branch breakers, unless noted, for ratings > 60 Amps. 

a. Use of connecting links, bars, etc. not permitted. 

8. Sequence (A-B-C) bussing. 
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9. Up to 84 poles in single width panel, as noted on drawings. 

10. Provide double width panels, where indicated, to include. 

a. Separate back boxes and front cover for each section. 

b. Poles equally divided between sections. 

11. Molded case, thermal magnetic branch and main breakers. 

 

E. Panelboard types (Square D models, or comparable product by previously named 

manufacturers): 

 

1. 277/480V distribution (>600A)   I-Line 

2. 277/480V distribution (<600A)   NF 

3. 277/480V branch circuit (<600A)  NF 

4. 120/208V distribution (<600A)  NQ 

5. 120/208V distribution (>600A)  I-Line 

6. 120/208V branch circuit (<600A)  NQ 

7. 120/208V loadcenters   QO 

 

2.7 DISTRIBUTION PANELBOARD (800 A THROUGH 1200 A) 

 

A. Circuit breaker type distribution panelboard (drawings may indicate 

"switchboard") with circuit breaker branch circuit devices. 

 

B. Enclosure and trim: 

 

1. NEMA 1, dead front enclosure, unless noted otherwise. 

2. Factory assembled frame and cover plates. 

3. Front-hinged door(s) with lock. 

a. All panels keyed alike. 

b. Provide minimum (2) keys per lock. 

4. Galvanized back box. 

5. Factory finish painted front cover (ANSI 61 gray). 

6. Recessed or surface mounting as indicated.   

 

C. Ratings: 

 

1. Fully rated interrupting ratings as per schedules. 

2. UL Listed for Service Entrance, where applicable. 

a. Provide neutral to ground bonding. 

3. Amp ratings as per drawing schedules. 

 

D. Construction: 

 

1. Main lugs or breaker per drawing schedules. 

2. Main breakers with additional line side lugs or termination lugs for 

connection of line side Type 1 SPD. 
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3. All phase, neutral and ground bus bars shall be copper. 

4. Tin-plated bus at joints and connections. 

5. Interior equipment ground bar bonded to enclosure. 

6. 100% neutral bus. 

7. Removable solid bar neutral link to permit disconnecting neutral bus from 

incoming neutral conductor on "Service Entrance" rated switchboards. 

8. Plug-on bus connection breakers (I-Line). 

a. Use of connecting links, bars, etc. not permitted. 

b. Panel shall be capable of accepting branch breakers up to the frame 

size of the main lug or breaker rating. 

9. Sequence (A-B-C) bussing. 

10. Molded case, thermal magnetic branch and main breakers, unless noted 

otherwise. 

11. Adjustable magnetic trip for all thermal-magnetic breakers > 225 Amps. 

 

 

E. Accessories: 

 

1. Main Breaker with Ground Fault Protection. 

2. Permanent ID plates for each breaker. 

 

F. Square D I-Line,or comparable product by previously named manufacturers. 

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions:  Examine the conditions under which the 

equipment shall be delivered, installed, and operated.  Make all allowances 

required for operation, access and maintenance of the equipment, per Codes and 

manufacturers. 

 

3.2 INSTALLATION 

 

A. General Requirements: 

 

1. Install all equipment, as indicated. 

2. Maintain minimum working space at live parts according to 

manufacturer’s written instructions and NEC. 

3. Provide all required access space per NEC for controls, fuses and items 

requiring maintenance access. 

 

B. Rough-in: 

 

1. Roughin all underslab or below grade conduits, ducts, etc. prior to setting 
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panels, switchboards or other equipment in place. 

2. Coordinate exact stubups with proposed manufacturer’s equipment 

installation drawings and the work of other trades in this contract. 

3. Roughin for all required circuits, controls, connections, etc. as required by 

proposed equipment, even if not explicitly indicated on plans. 

4. Make minor adjustments to locations so as to maintain required front 

working clearances and clearance above and below per NEC. 

 

 

C. SPD Panel Installation: 

 

1. Comply with all requirements of NFPA 70, “National Electrical Code,” 

and “Article 285,” Transient Voltage Surge Suppressors.” 

2. Mount as close as practicable to protected panel or equipment. 

3. Close nipple conduit connection to panel or switchboard, through vertical 

side. 

4. Minimize conductor lengths (maximum of 12” lead lengths). 

5. Coordinate location of breaker serving SPD. 

a. Mount breaker directly adjacent to SPD conduit/conductor entry. 

6. Install conductors with few or no bends if possible. 

a. Utilize sweeping bends, where bending is required.  

b. Gently twist all conductors together between SPD and breaker. 

7. Mount SPD unit adjacent to panel or switchboard at 6' AFF, if space 

permits.  Mount directly above or below panel or switchboard if necessary. 

8. Field connections:  

a. Full size for each phase, neutral and ground. 

b. #4 AWG for service entrance connections and distribution panel 

SPD applications. 

c. #8 AWG for Branch Circuit Panel SPD connections. 

9. At Service Entrance and Transfer Switch applications, a UL approved 

disconnect switch shall be provided as a means of servicing disconnect if a 

60A breaker is not available. SPD shall be installed on the load side of the 

main service disconnect. 

10.  At Distribution, MCC and Branch panels, SPD shall have an independent 

means of servicing disconnect such that the protected panel remains 

energized.  A 40A breaker (or larger) may serve this function. 

11. Before energizing, installer shall verify service and separately derived 

system Neutral to Ground bonding jumpers are installed per NEC 

 

D. Panelboard Installation: 

 

1. Comply with all requirements of NFPA 70, “National Electrical Code,” 

Article 110, “Requirements for Electrical Installations,” and Article 408, 

“Switchboards and Panelboards.” 

2. Install panels with sufficient support from structure to prevent movement. 
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3. Arrange for blocking in stud walls, as required. 

4. For multiple section panels, provide all nipples, conduit and conductors to 

continue the full feeder size between sections.  For sections not installed 

side by side, provide extended feeder length, as required in rigid metallic 

raceway. 

5. Install conduits for recessed panels 2" back from front edge of panel. 

6. Provide recessed panelboards with 1" empty conduits installed from the 

panelboard top to accessible ceiling space as below: 

 

TOTAL NUMBER OF SINGLE POLE NUMBER OF 1" 

EMPTY 

SPARES AND SPACES   CONDUITS   

1 - 5     Two 

6 - 10     Four 

11 - 20     Five 

More than 21    Ten 

 

7. Balance loading on all panelboards as closely as possible and to the 

satisfaction of the Architect, after all branch circuits are connected and 

loads energized. 

8. Provide typed panelboard directories in each section to properly identify 

the circuits.  Labeling shall include: 

a. Type of circuit: Lights, Outlets, etc. 

b. Room or rooms served, by room name or number. 

c. Special equipment: Fire alarm, copier, etc. 

 

E. Circuit Breaker Installation: 

 

1. Install circuit breakers in panelboards, or with enclosure, as required. 

2. GFI and AFI circuit breakers: Provide circuits with dedicated neutral 

conductors.  Connect neutral through breaker at panelboards, per 

manufacturer’s instructions. 

3. Provide labels on all protected outlet coverplates to indicate “GFI 

PROTECTED” or “AFI PROTECTED”, as applicable. 

 

 

3.3 CONSTRUCTION 

 

A. Interface with Other Work: 

 

1. Provide connections between proposed distribution equipment and other 

work of this contract: 

a. Underground services and feeders. 

b. Fire Pump. 
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B. Grounding: Ground switchboards, panelboards, all metallic service and 

distribution equipment frames and enclosures per NEC and as specified in Section 

“Grounding & Bonding For Electrical”. 

 

C. Connections: Tighten joints, connectors and terminals, including screws and bolts, 

in accordance with manufacturer’s published torque tightening values for 

connectors and bolts.  Where manufacturer’s torque requirements are not 

indicated, tighten connections to comply with torque tightening values specified in 

UL 486A, “Wire Connectors and Soldering Lugs for Use with Copper 

Conductors,” and 486B, “Wire Connectors for Use with Aluminum Conductors.” 

 

3.4 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Perform inspections and testing to ensure installation complies with 

Contract Documents, is operational within industry and manufacturer's 

tolerances, is adjusted to specific project parameters, and is suitable for 

energizing. 

2. Acceptance Testing:  Provide for acceptance testing of electrical 

equipment specified in this section, as follows, and as required in Section 

“Common Work Results for Electrical”. 

3. Schedule tests and provide notification at least one week in advance of test 

commencement. 

4. Provide a set of Contract Drawings to the testing agency. 

5. Provide manufacturer's installation and testing instructions to the testing 

agency. 

6. Provide complete shop drawing data on all equipment. 

7. Provide written results of all tests.  Include date, equipment ID, name of 

testing company and technician, and results of each individual test.  

Provide pass/fail indication for each test. 

 

B. Pre-Testing Inspections: 

 

1. Inspect accessible components for cleanliness, mechanical, and electrical 

integrity, for presence of damage or deterioration, and to ensure removal 

of temporary shipping bracing.  Do not proceed with tests until 

deficiencies are corrected. 

2. Inspect bolted electrical connections for tightness according to 

manufacturer's published torque values or, where not available, those of 

UL Standards 486A and 486B. 

3. All settings, as specified in this section, shall be properly set and verified 

prior to equipment testing. 

 

C. Acceptance Testing: 
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1. Switchboard and Panelboard Tests:  After installing equipment, perform 

the following tests, at a minimum: 

a. Perform insulation resistance tests, phase-phase and phase-ground 

for all buses and main breaker(s). 

b. Perform continuity tests of all grounds, and bonded components. 

c. Perform tests to confirm proper bonding of neutrals to ground, 

where intended. 

d. Perform tests to confirm isolation of neutrals and grounds, except 

at intended locations. 

e. Perform tests to confirm isolation of isolated grounds and 

equipment grounds, except at single intended location. 

f. Perform overpotential tests per ANSI 37.20c. 

g. Operation of auxiliary contacts and devices. 

h. Operation of all gauges, displays and control equipment. 

 

D. Ground Fault Sensors and Breakers: 

 

1. Test entire GFP system including CT's, wiring, polarity, solid state device 

operation, and breaker or motor operated switch. 

a. Test using AC current injection method between each phase, 

neutral and ground. 

b. Verify proper operation including breaker trip for all possible 

ground fault conditions (i.e. Phase-Ground & Neutral-Ground). 

c. Verify that system does not nuisance trip with single phase (Phase-

Neutral) loads, where applicable. 

d. Test each GFP system and breakers. 

 

E. Test Failures:  Compare test results with specified performance or manufacturer's 

data.  Correct deficiencies identified by tests and retest.  Remove and replace 

malfunctioning components with new, and retest. 

 

F. Test Labeling:  Upon satisfactory completion of tests for each transformer, attach 

a dated and signed "Satisfactory Test" label to the unit. 

 

 

3.5 IDENTIFICATION 

 

A. Identify all distribution system components and wiring in accordance with Section 

“Common Work Results For Electrical”. 

 

1. Provide engraved nameplate for each individual switchboard, switchgear, 

panelboard, fusible switch, enclosed breaker, etc. , which identifies the 

equipment per project nomenclature. 
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B. Provide permanent warning signs on all electrical switchgear, switchboards, on 

electrical room doors, and on fenced yards containing such equipment.  Warning 

signs shall be as specified in section “Common Work Results for Electrical”. 

 

3.6 ADJUSTING 

 

A. General: 

 

1. Set all field adjustable parameters to those as specified. 

2. Set field adjustable pickup and time delay ranges of Ground Fault Systems 

and solid state breakers as indicated. 

 

3.7 CLEANING 

 

A. General: 

 

1. Inspect interior and exterior of installed equipment and switchgear. 

2. Remove paint splatters and other spots, dirt, and debris. 

3. Touch up scratches and mars of finish to match original finish. 

4. Remove protective films, etc. from all devices, controls, etc. 

5. Remove debris, insulation and wire clippings, dirt, etc. from interior of all 

equipment. 

6. Remove dirt, debris, etc. from top of all equipment. 

 

3.8 DEMONSTRATION 

 

A. Owner Demonstrations: Provide a factory trained representative for each system 

and type of equipment, for the purpose of training owner's personnel: 

 

1. Discuss proper operation, maintenance, and use of all equipment. 

2. Demonstrate periodic Owner testing and/or inspection of equipment. 

3. Demonstrate adjustment to Owner-accessible equipment and systems. 

4. Instructors shall be fully knowledgeable of the installed equipment and all 

components. 

5. Training shall be completed at the project site following Owner 

occupancy, at Owner’s discretion. 

6. Schedule after all final tests, adjustments and Owner's acceptance. 

7. Training shall consist of a minimum of (4) hours of training and 

instruction, including use of delivered O&M manuals for each system or 

equipment. 

 

3.9 COMMISSIONING 

 

A. This project includes Commissioning of selected systems and components.  

Provide for commissioning of the low voltage distribution system(s), as required 
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per Section  “Commissioning of Electrical Systems”, and the Commissioning 

Plan. 

 

 

END OF SECTION 
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SECTION  26 22 00 - LOW VOLTAGE TRANSFORMERS 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Low Voltage dry type transformers. 

 

B. Related Sections: 

 

1. Section  “Common Work Results for Electrical” for concrete pads, 

labeling, and other general requirements. 

2. Section “Grounding & Bonding for Electrical Systems” for grounding and 

bonding requirements. 

3. Section “Low Voltage Power Conductors and Cables” for 600V 

conductors. 

4. Section “Raceways and Boxes for Electrical Systems” for conduit and 

raceway connections. 

5. Section “Commissioning of Electrical Systems” for specific 

commissioning and functional performance testing requirements. 

 

1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Low Voltage dry type transformers. 

 

B. Provide submittal data for each product type. 

 

1. To verify specifications have been met/exceeded.  

2. Independent laboratory test data where requested. 

3. Clearly indicate or state all options, etc. 

 

C. Submit the following for each dry type transformer: 

 

1. Overall dimensions. 

2. Weight. 
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3. Winding materials. 

4. Insulation materials and Class. 

5. Bus and lug materials. 

6. Capacity rating. 

7. Primary and secondary voltages and phases. 

8. Winding configurations, delta, wye, etc. 

9. Wiring diagrams. 

10. Efficiency at full and part loads. 

11. Total watts lost to space (BtuH). 

12. Temperature rise rating. 

13. Tap quantities and ratings. 

14. Sound ratings. 

15. Efficiency ratings, compliant with NEMA TP-1 and DOE 2016. 

16. Enclosure and NEMA rating. 

17. UL Listing. 

 

D. Submit the following for each drive isolation transformer, in addition to items 

required for standard dry type: 

 

1. Manufacturer’s harmonic load calculations for use with proposed motor or 

load. 

2. Noise attenuation ratio. 

3. Temperature rise rating at stated load. 

 

E. Product Test Reports:  Certified copies of manufacturer's design and routine 

factory tests required by the referenced standards. 

 

1. Sound Level Test Reports:  Certified copies of manufacturer's sound level 

tests applicable to equipment for this Project. 

 

F. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01 requirements, Section  “Common Work Results For Electrical”, and 

as follows: 

 

1. All post-installation inspection checklists. 

2. Post installation load test results. 

3. Preventative maintenance and testing schedule for each unit. 

 

1.4 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 
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2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

 

B. Manufacturer/Vendor Requirements: 

 

1. Coordinate the components of the system and their arrangements 

electrically and mechanically. 

2. Manufacturer shall be experienced in manufacturing equipment of the 

types and capacities indicated that have a record of successful in-service 

performance for a minimum of 10 years. 

3. Maintain, within 50 miles from site, a maintenance and service 

organization complete with parts inventory and repair facility.  Service 

shall be available on a 24-hour basis. 

4. Start up services and post installation tests, as specified. 

 

C. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. ANSI  American National Standards Institute 

2. ASME  American Society of Mechanical Engineers 

3. ASTM  American Society for Testing and Materials 

4. IEEE Institute of Electrical and Electronics Engineers 

5. IEEE C2 National Electrical Safety Code 

6. NEC National Electrical Code 

7. NECA National Electrical Contractor’s Association “Standards of 

Installation.” 

8. NEMA  National Equipment Manufacturers Association 

9. NESC  National Electrical Safety Code 

10. NETA National Electrical Testing Association 

11. NFPA National Fire Protection Association 

12. UL Underwriter’s Laboratories 

 

1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Provide all transportation of unit(s) to site. 

2. Provide for rigging needed for unloading, and setting into final position. 

 

B. Storage and Protection: 

 

1. Where unit is to be installed indoors, store in covered building or offsite to 

prevent exposure to weather, etc. until building is suitable for transformer 

installation. 

2. Temporary Heating:  Apply temporary heat according to manufacturer's 
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recommendations within the enclosure of each ventilated type unit 

throughout periods during which equipment is not energized and is not in 

a space that is continuously under normal control of temperature and 

humidity. 

 

1.6 SEQUENCING 

 

A. General Sequencing: 

 

1. Coordinate transformer installation with exterior and/or interior 

construction. 

2. Provide for sub-grade or subslab roughins. 

3. Coordinate construction of concrete pads with transformer locations. 

 

B. Sequencing, Coordination, and Integration: 

 

1. Provide positioning and unit roughin such that required clearances are 

maintained after final installation of all finishes, surface treatments, 

ceilings, ducts, etc. 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURER 

 

A. Available Manufacturers:  Subject to compliance with requirements, provide a 

system by the named “Basis of Design” manufacturer, or a comparable product of 

one of the other following named manufacturers: 

 

1. Low Voltage. Drive Isolation, Buck-Boost and Control Transformers: 

a. Square D/Schneider Electric (basis of design) 

b. General Electric 

c. Siemens 

d. Cutler-Hammer 

e. Sola/Hevi-Duti 

f. Olsun Electrics Corp. 

g. Acme Electric Corp. 

 

2.2 MATERIALS 

 

A. General: 

 

1. Comply with NEMA Standard ST 20, “Dry-Type Transformers for 

General Applications.” 

2. Sound levels shall comply with NEMA Standard TR 1, “Transformers, 

Regulators, and Reactors” for dry type transformers. 
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3. Life expectancies as defined by ANSI/IEEE C57.96, “IEEE Guide for 

Loading Dry Type Distribution and Power Transformers.” 

4. Design, manufacture and testing per ANSI, NEMA and IEEE. 

5. Efficiency ratings shall meet or exceed: 

a. NEMA TP1 

b. Department of Energy – 10 CFR Part 431 - Energy Conservation 

Program: Energy Conservation Standards for Distribution 

Transformers; Final Rule (DOE 2016). 

 

B. Finishes: 

 

1. Indoor Units:  Manufacturer's standard paint over corrosion-resistant 

pretreatment and primer. 

2. Outdoor Units:  Comply with "Enclosure Coating System" Article of 

ANSI/IEEE Standard C57.12.28, “Switchgear & Transformers - Pad 

Mounted Equipment Enclosure Integrity.” 

 

C. Insulation: 

 

1. Non-hygroscopic materials. 

2. Self-extinguishing, non-flammable construction. 

 

2.3 LOW VOLTAGE DRY TYPE TRANSFORMERS 

 

A. Two-winding type, 3-phase units using 1 coil per phase in primary and secondary, 

unless noted otherwise on drawings. 

 

B. General: 

 

1. UL Listed, general purpose, 600 volt class. 

2. 480 volt, 3 phase delta primary, unless noted. 

3. 208/120 volts, 3 phase, grounded wye secondary, unless noted. 

4. Self-cooled, two winding type with NEMA 2 drip proof enclosures. 

5. Floor mounted, wall mounted, or suspended per drawings. 

6. Internal rubber vibration isolation mounts to minimize noise. 

7. Heavy gauge steel, primed and finished in ANSI 61 gray weather resistant 

enamel. 

8. For all units not mounted directly on slab or concrete pad, provide a 

perforated metal bottom plate to prevent contact with exposed bus or lugs 

from below. 

9. Efficiency ratings shall meet or exceed the requirements of NEMA TP-1. 

 

C. Construction (3 kVA through 25 kVA): 

 

1. Epoxy resin encapsulated. 
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2. Completely enclosed. 

3. Class H insulation, 185°C rated for 115°C temperature rise over a 40°C 

ambient. 

4. (4) 22% taps, two (2) taps FCAN and two (2) taps FCBN. 

 

D. Construction (30 kVA and above): 

 

1. Ventilated housing with epoxy laminated windings. 

2. Class H insulation,  220°C rated for 150°C temperature rise over a 40°C 

ambient. 

3. Temperature Rise: 

a. 150°C maximum rise above 40°C, 

4. (6) 22% taps, two (2) taps FCAN and four (4) taps FCBN. 

5. 30 kVA units and larger shall be constructed of self-extinguishing Class 1 

materials. 

 

E. Cores: 

 

1. High grade, grain oriented silicon steel. 

2. Low hysteresis and eddy current losses. 

 

F. Coils: 

 

1. Aluminum or copper windings. 

2. Impregnated with cured, non-hygroscopic epoxy resin. 

3. Brazed or pressure connection of windings. 

 

2.4 SOURCE QUALITY CONTROL: 

 

A. Tests & Inspections: Manufacturer shall provide inspections and tests of 

transformers, as required by referenced standards. 

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions:  Examine the conditions under which the 

equipment shall be delivered, installed, and operated.  Make all allowances 

required for operation, access and maintenance of the equipment, per Codes and 

manufacturers. 

 

3.2 INSTALLATION 

 

A. General Requirements: 
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1. Comply with all requirements of NFPA 70, National Electrical Code, 

Article 110 “Requirements for Electrical Installations,” and Article 450, 

“Transformers and Transformer Vaults.” 

2. Install all equipment, as indicated. 

3. Maintain minimum working space at live parts according to 

manufacturer’s written instructions and NEC. 

4. Provide all required access space per NEC for controls, fuses and items 

requiring maintenance access. 

5. Maintain all required clearances for cooling, per manufacturer, and as per 

NEC. 

 

B. Rough-in: 

 

1. Roughin all underslab or below grade conduits, prior to setting 

transformers in place. 

2. Coordinate exact stubups with proposed manufacturer’s equipment 

installation drawings and the work of other trades in this contract. 

 

C. Make minor adjustments to locations so as to maintain required front working 

clearances and clearance above and below per NEC. 

 

D. Floor Mounted Units: 

 

1. Bolt to floor or concrete pad, with concrete anchors. 

2. Rubber vibration isolation pads under mounting surfaces. 

3. All wiring connections to use flexible metal conduit. 

4. Mount a minimum of 6 inches from walls. 

 

3.3 CONSTRUCTION 

 

A. Grounding:  Ground transformers, all equipment frames and enclosures per NEC 

and as specified in Section  “Grounding & Bonding For Electrical Systems.” 

 

B. Connections: Tighten all connectors, terminals, lugs, etc. including screws and 

bolts, in accordance with manufacturer’s published torque tightening values for 

connectors and bolts.  Where manufacturer’s torque requirements are not 

indicated, tighten connections to comply with torque tightening values specified in 

UL 486A, “Wire Connectors and Soldering Lugs for Use with Copper 

Conductors” and 486B, “Wire Connectors for Use with Aluminum Conductors.” 

 

3.4 FIELD QUALITY CONTROL 

 

A. General: 

 

1. Perform inspections and testing to ensure installation complies with 
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Contract Documents, is operational within industry and manufacturer's 

tolerances, is adjusted to specific project parameters, and is suitable for 

energizing. 

2. Acceptance Testing:  Provide for acceptance testing of electrical 

equipment specified in this section, as follows, and as required in Section 

“Common Work For Electrical.” 

3. Schedule tests and provide notification at least one week in advance of test 

commencement. 

4. Provide a set of Contract Drawings to the testing agency, where 

applicable. 

5. Provide manufacturer's installation and testing instructions to the testing 

agency, where applicable. 

6. Provide complete shop drawing data on all equipment. 

7. Provide written results of all tests.  Include date, equipment ID, name of 

testing company and technician, and results of each individual test.  

Provide pass/fail indication for each test. 

 

B. Pre-Testing Inspections: 

 

1. Inspect accessible components for cleanliness, mechanical, and electrical 

integrity, for presence of damage or deterioration, and to ensure removal 

of temporary shipping bracing.  Do not proceed with tests until 

deficiencies are corrected. 

2. Inspect bolted electrical connections for tightness according to 

manufacturer's published torque values or, where not available, those of 

UL Standards 486A and 486B. 

 

C. Acceptance Tests: Perform the following minimum tests according to the 

manufacturer's instructions and NETA recommendations.  Conform to ANSI 

C57.12.91, “IEEE Standard Test Code for Dry-Type Distribution and Power 

Transformers” for dry-type units, test method, and data correction factors. 

 

1. Ratio tests at rated voltage connection and all tap connections. 

2. Polarity and phase-relation tests at rated voltage. 

3. Applied potential tests. 

4. Induced potential tests. 

5. Temperature Correction:  

6. No-load and excitation current at rated voltage. 

7. A.C. over-potential test on all HV and LV windings. 

8. Power Factor (Dielectric absorption) test, winding-winding and winding-

ground.  Polarization index test results shall be calculated and shown. 

 

D. Test Failures:  Compare test results with specified performance or manufacturer's 

data.  Correct deficiencies identified by tests and retest.  Remove and replace 

malfunctioning components with new, and retest. 
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E. Test Labeling:  Upon satisfactory completion of tests for each transformer, attach 

a dated and signed "Satisfactory Test" label to the unit. 

 

<<Consider including for large transformers (>300kVA) and critical installations, where 

budget allows>> 

F. Infrared Scanning:  Perform an infrared scan of the specified equipment two (2)  

 

1. Use an infrared scanning device designed to measure temperature or detect 

significant deviations from normal values.  Provide documentation of 

device calibration. 

2. Perform scan after transformer(s) has been energized for a minimum of 48 

hours, and under full load for minimum of 60 minutes. 

3. Prepare a certified report identifying equipment checked and describing 

results of scanning.  Include notation of deficiencies detected, remedial 

action taken, and rescanning observations after remedial action. 

4. Provide color images on film or paper, showing each of the scanned 

objects.  Image shall identify the equipment and object scanned, date, and 

shall include a color coded scale with temperature ratings for each color. 

5. Provide a scan of the following equipment: 

a. Transformer # ________ 

6. Provide a scan of the following items: 

a. HV cable terminations and bus. 

b. Secondary cable terminations and bus. 

c. Tap changer and windings (if accessible). 

 

3.5 ADJUSTING 

 

A. Adjust transformer taps to provide optimum (nominal) voltage conditions at 

utilization equipment throughout the normal operating cycle of the facility.  

Record voltages and tap settings to submit with test results. 

 

3.6 CLEANING 

 

A. General: 

 

1. Inspect interior and exterior of installed transformers. 

2. Remove paint splatters and other spots, dirt, and debris. 

3. Touch up scratches and mars of finish to match original finish. 

4. Remove labels, stickers, and protective films, etc. from all enclosures.  

5. Remove debris, insulation and wire clippings, dirt, etc. from interior of all 

equipment. 

6. Remove dirt, debris, etc. from top of all equipment. 

 

B. Finish Touch Up:  After completing installation, cleaning, and testing, touch up 
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scratches and mars on finish to match original finish. 

 

3.7 COMMISSIONING 

 

A. This project includes Commissioning of selected systems and components.  

Provide for commissioning of the LV transformer(s), as required per Section 

“Commissioning of Electrical Systems”, and the Commissioning Plan. 

 

 

END OF SECTION 
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SECTION 26 27 26 - WIRING DEVICES 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. A/C switches. 

2. Receptacles. 

3. Pin/sleeve Connectors. 

4. Device plates and covers. 

 

B. Related Sections: 

 

1. Section “Common Work Results for Electrical.” 

2. Section “Low Voltage Electrical Power Conductors and Cables” for 

connecting wiring, cables and conductors.  

3. Section “Raceways & Boxes for Electrical Systems” in which devices are 

to be installed.  

 

1.3 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. A/C switches. 

2. Receptacles. 

3. Connectors. 

4. Device plates and covers. 

 

B. Product data for each device type: 

 

1. Manufacturer's specifications, data sheets. 

2. Wiring & connection diagrams, for dimmers, etc. 

3. Capacity ratings, NEMA configurations, etc. 

4. Information required indicating contract compliance. 

5. Device color. 

6. UL Listing. 
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C. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01 requirements, and Section “Common Work Results For Electrical”. 

 

1.4 QUALITY CONTROL 

 

A. Product Coordination Responsibility 

 

1. The contractor shall insure that all proposed control and/or dimmer 

switches are fully compatible and matched with the proposed light 

fixtures. 

2. Contractor shall confirm compatibility of proposed controls/switches with 

proposed lighting fixtures prior to submitting for approval or ordering. 

 

1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Storage and Protection: 

 

1. Deliver and store wiring devices and accessories according to 

manufacturers’ instructions. 

2. Do not store in unheated areas of high humidity, which might create 

corrosion or other deterioration. 

3. Do not store in areas subject to high temperatures, which might cause 

deterioration or deformation of products. 

 

1.6 SEQUENCING 

 

A. General Sequencing: 

 

1. Sequence installation of devices and equipment of this section such that 

damage to installed equipment is minimized. 

2. Install device plates after all wall finishes have been completed. 

 

B. Electrical Division Sequencing, Coordination, and Integration: 

 

1. Provide installation of wiring devices after supporting raceways and boxes 

are permanently installed.   

2. Provide coordination of proposed wiring devices with actual cord/plug 

requirements of attached equipment. 

3. Match wiring devices to plug connectors for Owner-furnished equipment. 

4. Match wiring devices to plug connectors for equipment furnished under 

other Divisions. 

5. Do not install permanently wired flexible connectors and associated 

cables/service cords until attached equipment is in place. 
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PART 2  PRODUCTS 

 

2.1 WIRING DEVICES - GENERAL 

 

A. Comply with NEMA Standard WD 1, "General Purpose Wiring Devices" 

 

B. Color:  Ivory except as otherwise indicated or required by Code. 

 

C. Fed Spec grade (WC896) for switches and (WC596) for receptacles, UL Listed.  

All devices shall be of one manufacturer. 

 

D. Prewired pigtail connectors that accommodate Fed Spec receptacles, GFCIs and 

switches are approved. Must be crimped and welded terminal right angle 

application within the connector. 

 

2.2 A/C SWITCHES 

 

A. Toggle Switches: 

 

1. Silent mechanical type rated 20 ampere, 120/277VAC. 

2. Fed. Specification #WS896-E. 

3. 1-piece Lexan cam and toggle. 

4. 20 amp rating. 

5. Single pole, 3-way or 4-way, per drawings. 

6. Back and side wiring provisions. 

7. Arrow-Hart #1991 Series, Leviton #1221 Series, Pass & Seymour 

PS20AC series, Hubbell CS*120 series, or equal. 

 

B. Wall box LED Fixture Dimmer Switches: 

 

1. Continuous, linear, flicker-free dimming from 100% - 1%. 

2. Compatible with 0-10VDC and Phase-control LED drivers. 

3. Vertical slide, preset type, 120/277VAC. 

4. Rated 600 watts for Phase-control applications; 1000 watts for 0-10V 

applications. 

5. Single or 3-way operation switches, as required. 

6. Separate on-off rocker switch. 

7. Acuity Synergy series, Hunt Simplicity series, Lutron, Leviton, P&S, or 

comparable product by other approved manufacturer. 

 

C. Digital Countdown Time Switches: 

 

1. Ratings: 

a. 120VAC, 800 watts. 

b. 277VAC, 1200 watts. 
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c. Rated for incandescent, fluorescent or LED loads, or induction 

motors. 

2. 4 preset buttons for countdown period selection. 

3. User selectable Timeout range from 5 minutes to 12 hours. 

4. Adjustable in increments of 5 minutes (up to 1 hour) then 15 minutes (up 

to 12 hours). 

5. Electroluminescent LDC display of time remaining. 

6. User selectable audible signal every 5 seconds at 1 minutes prior to 

timeout. 

7. User selectable visual flash of lights at 5 minutes and 1 minute prior to 

timeout. 

8. Compatible with incandescent, fluorescent or inductive motor loads. 

9. 5 year manufacturer’s warranty. 

10. Watt Stopper Model TS-400.   *Color to match adjacent wiring devices, or 

per Architect. 
 

 

2.3 RECEPTACLES 

 

A. Receptacles: 

 

1. Construction, spec-grade. 

2. Duplex NEMA 5-20R, 120 volt, 20 amp, 3 wire, U-ground. 

3. Federal Specification #WS596-F. 

4. Lexan or nylon body, metal yokes. 

5. Arrow Hart #5362, Leviton #5362, Pass & Seymour 5362A, Hubbell R20 

series, or equal. 

 

B. Tamper Resistant Duplex Receptacle (TR): 

 

1. Duplex NEMA 5-20R, 120 volt, 20 amp, 3 wire, U-ground. 

2. Dual spring-loaded shutters to block single object insertion into either H or 

N openings. 

3. Nylon or lexan body. 

4. NEC Article 517-18 compliant. 

5. UL Listed as “Tamper Resistant” with identifying "TR" label. 

6. Arrow Hart TR5362, Pass & Seymour, or equal. 

 

C. Ground Fault Interrupting (GFI) Receptacles: 

 

1. Class A, UL943 listed, feed-thru type. 

2. Screw terminal connections. 

3. GFCI Receptacles shall have SafeLock protection. If critical components 

are damaged and ground fault protection is lost or if mis-wired, power to 

receptacle is disconnected. 
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4. End-of-life provision shall render outlet incapable of delivering power 

upon failure of GFCI function. 

5. Reverse Line Mis-wire:  receptacle shall not provide power if the hot and 

neutral wires are reverse wired. 

6. Arrow-Hart #VGF20, Pass & Seymour, or comparable product by 

Hubbell, Cooper, Leviton. 

 

D. Ground Fault Interrupting Tamper-Resistant (GFI-TR) Receptacles: 

 

1. Class A, UL943 listed, feed-thru type. 

2. Screw terminal connections. 

3. GFCI Receptacles shall have SafeLock protection. If critical components 

are damaged and ground fault protection is lost or if mis-wired, power to 

receptacle is disconnected. 

4. End-of-life provision shall render outlet incapable of delivering power 

upon failure of GFCI function. 

5. Reverse Line Mis-wire:  receptacle shall not provide power if the hot and 

neutral wires are reverse wired. 

6. NEC Article 517-18 compliant. 

7. UL Listed as “Tamper Resistant” with identifying "TR" label. 

8. Dual spring-loaded shutters to block single object insertion into either H or 

N openings. 

9. Arrow-Hart #TRVGF20, Pass & Seymour, or comparable product by 

Hubbell, Cooper, Leviton. 

 

E. Special Receptacles: 

 

1. NEMA configurations per drawings. 

2. Specification grade. 

3. Lexan or nylon body, metal yokes. 

4. Locking or straight-blade configurations, per plans. 

5. Leviton V-0-MAX, Arrow Hart, Hubbell, or equal. 

 

2.4 SPECIALTY RECEPTACLES 

 

A. Isolated Ground Duplex Receptacle (IG): 

 

1. Duplex NEMA 5-20R, 120 volt, 20 amp, 3 wire, U-ground. 

2. Isolated ground terminal. 

3. Orange phenolic or lexan body.  

4. Identifying "∆" symbol and "IG" label. 

5. Arrow Hart #IG5362, Pass & Seymour IG5362, Hubbell, or equal. 

 

B. Combination Tamper-Resistant Duplex Receptacle & USB Charger: 
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1. Duplex NEMA 5-20R, 120 volt, 20 amp, 3 wire, U-ground. 

2. Commercial spec grade. 

3. Tamper Resistant (TR) construction with dual spring-loaded shutters to 

block single object insertion into either H or N openings.   

4. Dual 5VDC, Type A, USB charging ports, capable of charging two USB 

devices simultaneously. 

5. Total of 3.1 Amps of charging capacity. 

6. Decora style for mounting in single gang box. 

7. Arrow-Hart TR7756* series, Leviton T5832* series, or approved equal. 

 

C. Recessed USB Charger Outlet: 

 

1. Decora style for mounting in single gang box. 

2. Four (4) 5VDC, Type A USB charging ports, capable of charging four 

USB devices simultaneously. 

3. 125 VAC input. 

4. Total of 4.2 Amps of charging capacity. 

5. Arrow-Hart 7750* series, Leviton USB4P-* series, or approved equal. 

 

 

2.5 DEVICE PLATES & COVERS 

 

A. Single and combination types that mate and match with corresponding wiring 

devices.  Provide for every switch and outlet.  

 

B. Interior Plate Finishes: 

 

1. Finished Spaces:   Stainless steel, satin-finish, type 302, 0.04” thick. 

2. Unfinished Spaces:   Galvanized steel. 

 

C. Features include the following: 

 

1. Plate-Securing Screws:  Stainless steel, galvanized or colored, to match 

plate finish. 

2. Arrow-Hart, Leviton, Pass & Seymour, or equal. 

 

D. Weatherproof Covers: 

 

1. Non-Metallic Damp & Wet Location Covers: 

a. Non-metallic, polycarbonate. 

b. Gasketed, self-closing. 

c. Clear, hinged lift lid. 

d. Weatherproof during operation per NEC Article 410-57. 

e. Eagle WeatherBox, Pass & Seymour, or equal. 
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E. Boiler Room Gas or Oil Emergency Shutoff Switches: 

 

1. Factory Labeled: Black letters “EMERGENCY GAS SHUTOFF” or 

“EMERGENCY OIL SHUTOFF” as applicable. 

2. Color: Red. 

3. Material: 

a. Finished Areas: Lexan or nylon. 

b. Unfinished areas: Factory painted stamped steel. 

 

2.6 PIN & SLEEVE CONNECTOR BODIES 

 

A. Matched pair of connector bodies consisting of female sleeve receptacle and 

matching male pin receptacles for use with Sealtite conduit or portable cords. 

 

B. Construction: 

 

1. Listed per UL 498 Attachment Plugs and Receptacles. 

2. Meets IEC 60309 Plugs, Socket Outlets, and Couplers for Industrial 

Purposes. 

3. Voltage color coded for each voltage class. 

4. Non-metallic housings and bodies. 

5. Heavy duty cord grip and cable sealing gland nut. 

6. Spring loaded, integral threaded cover on female connector. 

7. Oversized and over-length ground pin to prevent incorrect insertion.  

Ground pin is first make and last break. 

8. Gasketed locking ring.  Watertight rating when mated. 

9. Self-aligning, split contact sleeve with stainless steel, self-adjusting band 

for constant pressure. 

10. Phase, neutral and ground configuration, per drawings. 

 

C. Hubbell, Leviton, Arrow-Hart, Menekes or RussellStoll.  

 

 

 

PART 3  EXECUTION 

 

3.1 INSTALLATION 

 

A. General Requirements: 

 

1. Install all equipment plumb and level. 

2. Install devices tight to boxes, etc. such that no movement occurs during 

normal connecting and disconnecting procedures. 

3. Install coverplates tight to surrounding surface.  Coverplate shall not 

provide the only means of support for wiring devices. 
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B. Rough-in: Unless noted otherwise, the following mounting heights shall be used: 

 

1. Wall receptacles:  18" AFF to center. 

2. Counter top receptacles: 6" above counter to bottom of box. 

3. Wall switches:   48" AFF to center. 

4. Exterior receptacles:  24" above grade. 

5. Roof receptacles:  24" above roof surface. 

6. Boiler Emerg Off switch:  60" AFF to center. 

7. Full-size frig/freezer:  42" AFF to center. 

 

C. Ceiling Mounted Outlets: 

 

1. Install all ceiling mounted receptacles as follows:  

a. Flush mounted back box, with stainless steel coverplate installed 

tight to ceiling tile, plaster, or GWB ceiling. 

b. Support back box independently of ceiling, with rigid support from 

structure. 

c. Twistlock outlets, unless noted otherwise. 

 

D. Food Service Equipment Pin & Sleeve Connections: 

 

1. Install pin/sleeve connectors or receptacles such that equipment can be 

placed in desired location against wall or otherwise, with no interference 

from the outlet or connecting cord/conduit. 

2. Utilize recessed backboxes, and semi-flush, angled female sleeve devices, 

where possible, to reduce total projection from wall. 

3. Provide suitable length sealtite conduit to permit connection and minor 

relocation of rectifier units. 

4. Provide Kellums type cord grip on sealtite or service cord where attached 

to male and female pin/sleeve devices. 

 

E. Identification: 

 

1. Permanently identify all general-purpose and dedicated equipment 

receptacles in all spaces in accordance with the project nomenclature. 

a. At every receptacle, identify source panel and circuit number (i.e.  

RP1-12) via machine printed label (i.e. Brother P-Touch, or equal) 

applied at top of cover plate.  Printing shall be black, minimum 

1/4” high text.   Label shall be visible with plug installed, as 

practicable. 

 

3.2 CLEANING 

 

A. General: 
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1. Clean all construction debris from within outlet boxes, prior to close up. 

2. Remove all paint, joint compound and other marks from devices and 

coverplates. 

 

 

END OF SECTION 
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SECTION 26 29 00 - LOW VOLTAGE CONTROLLERS 

 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Thermal manual motor starter switches. 

2. General purpose relays. 

3. Full voltage motor starters. 

 

B. Related Sections: 

 

1. Section “Common Motor Requirements” for coordination with motors 

furnished and/or installed as part of mechanical division. 

2. Section “Variable Frequency Drives” for coordination with and installation 

requirements for VFD driven motors. 

3. Section “Instrumentation And Control For HVAC” for interface and control 

requirements. 

4. Section “Pneumatic And Electric Control System For HVAC” for interface 

and control requirements. 

5. Section “Common Work Results for Electrical” for labeling, and other 

general requirements. 

6. Section “Grounding & Bonding for Electrical Systems” for grounding and 

bonding requirements. 

7. Section “Low Voltage Power Conductors and Cables” for 600V 

conductors. 

8. Section “Raceways & Boxes For Electrical Systems” for required 

connections of motors. 

9.  “Commissioning of Electrical Systems” for specific commissioning and 

functional performance testing requirements. 

 

C. Products Installed But Not Supplied Under This Section:  

 

1. Variable frequency drives furnished under mechanical Section  “Variable 

Frequency Drives”. 

2. Speed control switches furnished under mechanical divisions for control of 
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small motors, fans, etc. 

 

1.3 REFERENCES 

 

A. National Electrical Code: 

 

1. NEC 430  Motors, Motor Circuits and Controllers 

 

B. NEMA: 

 

1. NEMA AB 1 Molded Case Circuit Breakers 

2. NEMA ICS 2 Industrial Control and Systems: Controllers, Contactors, 

and Overload Relays Rated 600 Volts 

3. NEMA ICS 6 Enclosures for Industrial Controls and Systems 

4. NEMA KS 1 Enclosed Switches 

 

C. Underwriters Laboratory: 

 

1. UL 845  Standard for Motor Control Centers 

2. UL 508  Standard for Industrial Control Equipment 

 

1.4 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Thermal manual motor starter switches. 

2. Full voltage motor starters. 

3. Multi-speed motor starters. 

4. Reduced voltage motor starters. 

5. Soft start solid state motor starters. 

6. 600VAC motor control centers. 

 

B. Descriptive Data: 

 

1. Manufacturer's specifications, data sheets. 

2. Catalog cuts. 

3. Dimensional drawings. 

4. Installation Instructions. 

5. Wiring & connection diagrams. 

6. Capacity ratings, performance curves. 

7. Information required to indicate contract compliance. 

8. Clearly indicate the exact size or rating proposed. 

 

C. Submit for all motor starters: 
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1. Material list for each starter indicating: 

a. NEMA rating/size. 

b. NEMA enclosure rating and overall dimensions. 

c. Overload protection type and ranges. 

d. Auxiliary components such as pushbuttons, pilot lights, control 

transformers, etc. 

e. Switch, fuse or circuit breaker ratings for combination starters. 

f. Type, relays and controls for multi-speed starters. 

g. Type, relays and steps for reduced voltage starters. 

 

D. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01 requirements, Section “Common Work Results For Electrical”, and as 

follows: 

 

1. All post-installation inspection checklists. 

2. Installer’s pre-startup checklist. 

3. Post installation test results. 

4. Preventative maintenance schedule for each MCC starter unit. 

 

1.5 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

3. Where equipment consists of multiple components, the entire assembly or 

product shall be UL Listed and Labeled, or Labeled by a testing 

organization acceptable to the Authority Having Jurisdiction per the NEC. 

 

B. Single-Source Responsibility: 

 

1. The complete performance of the assembled system, including all 

accessories shall be the sole responsibility of the supplier. It is the 

installer’s responsibility to ensure that all factory and field installed 

accessories and loose components used in the system, meet these 

specifications, and perform up to the stated and tested standards. 

 

C. Manufacturer/Vendor Requirements: 

 

1. Coordinate the components of the system and their arrangements 

electrically and mechanically. 

2. Manufacturer shall be experienced in manufacturing equipment of the types 
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and capacities indicated that have a record of successful in-service 

performance for a minimum of 10 years. 

3. Maintain, within 50 miles from site, a maintenance and service 

organization complete with parts inventory and repair facility.  Service shall 

be available on a 24-hour basis. 

4. Start up services and post installation tests, as specified. 

 

 

D. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. ANSI  American National Standards Institute 

2. ASME  American Society of Mechanical Engineers 

3. ASTM  American Society for Testing and Materials 

4. IEEE Institute of Electrical and Electronics Engineers 

5. IEEE C2 National Electrical Safety Code 

6. NEC National Electrical Code 

7. NECA National Electrical Contractors’ Association “Standards of 

Installation”. 

8. NEMA  National Equipment Manufacturers Association 

9. NESC  National Electrical Safety Code 

10. NETA National Electrical Testing Association 

11. NFPA National Fire Protection Association 

12. UL Underwriter’s Laboratories 

 

1.6 COORDINATION 

 

A. General: Coordinate features of controllers and control devices with pilot devices 

and control circuits provided under mechanical Division covering control systems. 

 

B. Coordinate controllers provided under electrical Divisions with motors provided 

under mechanical Divisions.  Coordinate electrical Division product and 

installation requirements with approved mechanical Division equipment shop 

drawings, to include, but not limited to: 

 

1. Coordinate multi-speed, or multi-step starters with motor winding 

requirements (2 windings, wye-delta, etc.) 

2. Coordinate control circuit voltages of coils and control transformers with 

control systems and/or circuits provided under mechanical Divisions. 

 

1.7 SEQUENCING 

 

A. General Sequencing: 

 

1. Coordinate MCC installation with interior construction. 
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2. Provide for sub-grade or subslab roughins. 

3. Coordinate construction of concrete pads with MCC location(s). 

4. Provide positioning and roughins such that required clearances are 

maintained after final installation. 

 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Available Manufacturers:  Subject to compliance with requirements, provide a 

system by the named “Basis of Design” manufacturer, or a comparable product of 

one of the other following named manufacturers: 

 

1. 600VAC motor controllers. 

a. Square D/Schneider Electric (basis of design) 

b. General Electric Co. 

c. Cutler-Hammer 

 

2.2 MOTOR CONTROLLERS, GENERAL 

 

A. Coordinate the features of each motor controller with the ratings and 

characteristics of the supply circuit, the motor, control sequence, motor duty cycle, 

motor load, pilot device(s), and control circuit affecting controller functions.  

Provide controllers that are horsepower rated to suit the motor controlled, per 

drawings. 

 

B. Contacts shall open each ungrounded connection to the motor. 

 

C. Provide solid state overload protection on all individual full voltage, reduced 

voltage and solid state controllers, and on controllers furnished as part of an 

assembly or Motor Control Center. 

 

1. Overload circuit shall provide for 3:1 FLA range. 

2. Adjustable dial marked in true amperes (those marked with percentage of 

nominal or other relative scales are not acceptable. 

3. 2% tripping accuracy. 

4. True single phase protection by detecting loss of, or low voltage and 

tripping within 3 seconds. 

5. Inherently protection from short circuit damage by saturation of current 

sensors. 

6. Square D Motor Logic Overload Relay, or comparable product from one of 

the previously listed manufacturers. 

 

D. Enclosures: For individually mounted motor controllers and control devices, 
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comply with NEMA 250, “Enclosures for Electrical Equipment (1000 Volts 

Maximum).”  Provide enclosures suitable for the environmental conditions at the 

controller location, as follows, (unless indicated otherwise): 

 

1. NEMA 1 for interior. 

2. NEMA 3R for exterior, damp, or wet locations, on roof or on grade. 

 

2.3 THERMAL MANUAL MOTOR STARTING SWITCHES 

 

A. Provide for fractional HP motors (1 HP and less) without factory overload 

protection, and as indicated. 

 

1. NEMA ICS 2, AC general purpose, Class A, manually operated, full-

voltage controller with overload element. 

2. Manual operated toggle switch type.  Quick make and break type with self 

indicating trip free handle. 

3. Melting alloy thermal overload, interchangeable type. 

4. Switch shall not operate without thermal unit. 

5. Size thermal unit per motor FLA's. 

6. Enclosure: NEMA 1 for interior use and NEMA 4 stainless steel or cast 

iron for exterior, damp, or wet locations. 

7. Handle guard with locking provisions. 

8. Flush mounted in finished areas. 

9. HOA switches: Where indicated. 

10. Pilot light (red) mounted in the same enclosure. 

a. Switches more than 25 feet from motor or out of sight from motor. 

b. Where indicated. 

11. Square D Class 2510, or comparable product by previously named 

manufacturers. 

 

B. For motors 1 HP, manual starters shall be as above except; 

 

1. Square D Class 2510 Type M, or comparable product by previously named 

manufacturers. 

 

2.4 GENERAL PURPOSE RELAYS 

 

A. For control of small fans, pumps, etc. as indicated, from ATC or HVAC control 

circuits. 

 

1. Plug-in type with blade type connections. 

2. Matching base for screw terminations of control and power wiring.  NEMA 

1 enclosure for mounting of relay and base. 

3. Power contacts rated 120 volt, 10 amps, SPST, SPDT as required, rated for 

motor duty through 2 HP. 
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4. Coil voltage per Division 15 for proper interface between control wiring 

and relay coils. 

5. Square D Class 8501, or equal. 

 

2.5 FULL VOLTAGE MAGNETIC MOTOR STARTERS 

 

A. NEMA ICS 2, ac general-purpose Class A magnetic controller for induction 

motors, full-voltage, magnetic type, non-reversing, across-the-line, controller, 

except where another type as indicated. 

 

1. NEMA horsepower rated, 600 VAC, 3 pole, 60 Hz. 

2. NEMA Size as per drawings.  Minimum Size 0. 

3. NEMA enclosure as specified previously. 

 

B. Provide all starters with the following accessories unless noted otherwise: 

 

1. Red "RUNNING" pilot light. 

2. N.O./N.C. auxiliary contacts. 

3. Control Power Transformer with Prim/Second Fusing. 

4. Hand-Off-Automatic selector switches. 

5. Solid state overload, single phasing and phase loss protection, as specified 

previously.   

 

C. Provide starters with the following accessories, as indicated on drawings: 

 

1. Start-stop pushbuttons. 

2. Green "OFF" pilot light 

3. Low voltage protection relay. (Available on units with bi-metallic OL 

relays only.) 

4. Timing Relay to delay start, adjustable 0.5 to 60 seconds. 

 

D. Full voltage, non-reversing AC magnetic starters. 

 

1. Square D Company Class 8536 Type S, or comparable product by 

previously named manufacturers. 

 

E. Combination starters with fused disconnect switches. 

 

1. Factory wired NEMA KS 1, enclosed knife switch with externally operable 

handle and visible blades. 

2. Quick-make, quick-break switch with external operator handle  

3. Interlock switch with unit cover or door. 

4. Rejection clip fuse holder and UL Class R fuses, as indicated. 

5. Square D Class 8538 Type S, or comparable product by previously named 

manufacturers. 
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PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions:  Examine the conditions under which the 

equipment shall be delivered, installed, and operated.  Make all allowances 

required for operation, access and maintenance of the equipment, per Codes and 

manufacturers. 

 

3.2 INSTALLATION - INDEPENDENT CONTROLLERS 

 

A. General: 

 

1. Install independently mounted motor control devices in accordance with 

manufacturer’s written instructions. 

2. Install all equipment, as indicated. 

3. Maintain minimum working space at live parts according to manufacturer’s 

written instructions and NEC. 

4. Provide all required access space per NEC for controls, fuses and items 

requiring maintenance access. 

 

B. Location: 

 

1. Locate controllers as indicated and within sight of motors controlled. 

2. Install with proper clearances as required for access, operate, service and/or 

adjust, per manufacturer and NEC requirements. 

 

C. Mounting: 

 

1. Wall mounting: Bolt units to wall or mount on light-weight structural steel 

channels bolted to the wall. 

2. For controllers not at walls, provide freestanding racks fabricated of 

structural steel members and slotted structural steel channels.  Use channel 

manufacturer’s standard L mounting plates, bolted to the floor.  Connect 

the posts with horizontal slotted steel channels and bolt the control 

equipment to the channels. 

3. For rooftop equipment, it shall be acceptable to mount controllers to 

equipment frames, etc. where suitable support is available. 

 

3.3 INSTALLATION – VARIABLE FREQUENCY DRIVES 

 

A. General: 

 

1. Provide mounting, installation, power raceway and conductors for variable 
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frequency drives (VFD’s), specified and furnished in Section “Variable 

Frequency Drives”. 

2. Coordinate all installation with mechanical Division. 

3. Install independently mounted VFD’s in accordance with manufacturer’s 

written instructions. 

4. Install all equipment, as indicated. 

5. Maintain minimum working space at live parts according to manufacturer’s 

written instructions and NEC. 

6. Provide all required access space per NEC for controls, fuses and items 

requiring maintenance access. 

7. Install with proper clearances as required for access, operate, service and/or 

adjust, per manufacturer and NEC requirements. 

 

B. Location: 

 

1. Locate VFD’s as indicated and within sight of motors controlled. 

 

C. Mounting: 

 

1. Wall mounting: Bolt units to wall or mount on light-weight structural steel 

channels bolted to the wall. 

2. For VFD’s not at walls, provide freestanding racks fabricated of structural 

steel members and slotted structural steel channels.  Use channel 

manufacturer’s standard L mounting plates, bolted to the floor.  Connect 

the posts with horizontal slotted steel channels and bolt the control 

equipment to the channels. 

3. For rooftop mounted VFD’s, it shall be acceptable to mount controllers to 

equipment frames, etc. where suitable support is available. 

 

D. VFD Electrical Connections: 

 

1. Provide power conduit and conductors to the VFD, terminating on input 

lugs or disconnect device. 

2. Provide power conduit and conductors between the VFD and the associated 

motor, terminating all conductors.  

3. All conduit used for input and output connections to the VFD’s shall 

include a 12-36” long section of sealtite conduit at the VFD. 

 

3.4 IDENTIFICATION 

 

A. Identify motor control components and control wiring in accordance with Section 

 “Common Work Results For Electrical”. 

 

1. Provide engraved nameplate for each individual controller, and each MCC 

cubicle, which identifies the motor or load per project nomenclature. 
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B. Provide permanent warning signs on all motor control centers, on room doors, and 

on fenced yards containing such equipment.  Warning signs shall be as specified 

in section “Common Work Results for Electrical”. 

 

3.5 CONTROL WIRING INSTALLATION 

 

A. Install wiring between motor control devices and control/indicating devices as 

specified in Section “Low Voltage Power Conductors and Cables” for hard-wired 

connections. 

 

B. Install wiring in enclosures neatly bundled, trained, and supported. 

 

3.6 CONSTRUCTION 

 

A. Interface with Other Work: 

 

1. Provide connections between  proposed motor control equipment and other 

work of this contract: 

a. Motors 

b. Variable Frequency (speed) Drives 

c. Automatic temperature control systems. 

d. Remote pushbuttons, HOA switches, or other manual control 

points. 

 

B. Grounding:  Ground motor controllers and motor control center equipment frames 

and enclosures per NEC and as specified in Section “Grounding & Bonding For 

Electrical Systems”. 

 

C. Connections: Tighten all connectors, terminals, lugs, etc. including screws and 

bolts, in accordance with manufacturer’s published torque tightening values for 

connectors and bolts.  Where manufacturer’s torque requirements are not 

indicated, tighten connections to comply with torque tightening values specified in 

UL 486A, “Wire Connectors and Soldering Lugs for Use with Copper 

Conductors.” 

 

3.7 FIELD QUALITY CONTROL 

 

A. Install and test all motor control devices per NEMA ICS 2. 

 

B. Reports: Prepare written reports certified by testing organization of tests and 

observations.  Report defective materials and workmanship and unsatisfactory test 

results.  Include records of repairs and adjustments made. 

 

C. Schedule visual and mechanical inspections and electrical tests with at least one 
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week’s advance notification to Owner and Architect. 

 

D. Pretesting: On completing installation of the system, perform the following 

preparations for tests: 

 

1. Provide insulation resistance tests of conducting parts of motor control 

components; and of connecting supply, feeder, and control circuits.  For 

devices containing solid-state components, use test equipment and methods 

recommended by the manufacturer. 

2. Make continuity tests of all circuits. 

 

E. Visual and mechanical inspection: Include the following inspections and related 

work. 

 

1. Overload protection and control settings: 

a. Set solid state overload settings based on motor FLA’s, service 

factor and temperature rise, per NEC 

b. Provide proper setting of all current and time acceleration and 

deceleration ramps, overload protection devices, current limitation, 

etc. as determined by ATC system installer and/or control system 

installer. Programmer shall work in conjunction and with the ATC 

system installer to provide proper settings for motor operation. 

2. Inspect for defects and physical damage NRTL labeling, and nameplate 

compliance with current project drawings. 

3. Exercise and perform operational tests of mechanical components and other 

operable devices in accordance with manufacturer’s instructions. 

4. Check tightness of electrical connections of devices with calibrated torque 

wrench.  Use manufacturer’s recommended torque values. 

5. Clean devices using manufacturer’s approved methods and materials. 

6. Verify proper fuse types and ratings in fusible devices. 

 

F. Electrical Tests: Perform the following in accordance with manufacturer’s 

instructions: 

 

1. Insulation resistance test of motor control devices conducting parts to the 

extent permitted by the manufacturer’s instructions.  Insulation resistance 

less than 100 megohms is not acceptable. 

2. Use primary current injection to check performance characteristics of 

motor-circuit protectors and for overload relays of controllers for motors 15 

horsepower and larger.  Trip characteristics not within manufacturer’s 

published time-current tolerances are not acceptable. 

3. Test auxiliary protective features such as loss of phase, phase unbalance 

and undervoltage to verify operation. 

4. Check for improper voltages at terminals in controllers that have external 

control wiring when controller disconnect is opened.  Any voltage over 30 
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V is unacceptable. 

5. Test ground fault protection devices by current injection method. 

6. Test for proper phasing of all motors, controllers, etc. 

7. Retesting: Correct deficiencies and retest.  Verify by the retests that 

specified requirements are met. 

 

3.8 ADJUSTING 

 

A. General: 

 

1. Set all field adjustable parameters to those as specified. 

2. Set solid state overload sensors and devices to 115%-125% of motor 

nameplate FLA’s, per NEC Art. 430. 

3. Select and install thermal, melting alloy type overload protection at 115%-

125% of motor nameplate FLA’s, per NEC Art. 430. 

4. Set field adjustable pickup and time delay ranges of Ground Fault Systems, 

as indicated, for coordination with upstream protection devices.  GFP 

pickup settings for motors feeder protection shall not exceed 80% of the 

value of the upstream overcurrent protection device setting. 

5. Auto-transformer starters: Set reduced voltage starting tap at 65% of 

nominal voltage. 

6. Soft start solid state motor starters:   

a. Inrush current limiting: Set at 300% of FLA’s. 

b. Acceleration/deceleration ramping time: Set as required for each 

motor/load to achieve steady acceleration under load. 

c. Acceleration/deceleration current adjustments: Set as required for 

each motor/load to achieve steady acceleration under load. 

d. Stopping method: Set for freewheel, solid state soft-stop, and/or 

intelligent braking as required for application. 

 

 

B. Provide a scan of the following items: 

 

1. Independent Controllers: 

a. Line and load side terminations and bus. 

b. Contactors. 

c. Transformers and windings (auto-transformer starters). 

 

3.9 CLEANING 

 

A. General: 

 

1. Inspect interior and exterior of installed equipment. 

2. Remove paint splatters and other spots, dirt, and debris. 

3. Touch up scratches and mars of finish to match original finish. 
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4. Remove protective films, etc. from all devices, controls, etc. 

5. Remove debris, insulation and wire clippings, dirt, etc. from interior of all 

equipment. 

6. Remove dirt, debris, etc. from top of all equipment. 

 

3.10 DEMONSTRATION 

 

A. Owner Demonstrations: Provide a factory trained representative for each system 

and type of equipment, for the purpose of training owner's personnel: 

 

1. Discuss proper operation, maintenance, and use of all equipment. 

2. Demonstrate periodic Owner testing and/or inspection of equipment. 

3. Demonstrate adjustment to Owner-accessible equipment and systems. 

4. Instructors shall be fully knowledgeable of the installed equipment and all 

components. 

5. Training shall be completed at the project site following Owner occupancy, 

at Owner’s discretion. 

6. Schedule after all final tests, adjustments and Owner's acceptance. 

7. Training shall include sufficient time for owner training and instruction, 

including use of delivered O&M manuals for each system or equipment. 

 

 

END OF SECTION 
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SECTION 26 41 13 - LIGHTNING PROTECTION FOR STRUCTURES 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Provide a complete lightning protection system for the building(s) and/or 

structure(s) included in this project.  The system(s) shall comply with the latest 

specifications and standards of NFPA 780, “Standard for the Installation of 

Lightning Protection Systems,” 2014. 

 

B. Section Includes: 

 

1. System design. 

2. Air terminals. 

3. Roof conductors. 

4. Down conductors. 

5. Couterpoise. 

6. Ground connections. 

7. Ground rods. 

8. Connections, clamps and all misc. hardware. 

 

C. Related Sections: 

 

1. Section “Common Work Results For Electrical.” 

2. Section “Grounding & Bonding For Electrical Systems” for grounding, 

bonding and interconnection of equipment to building and service 

grounds. 

 

D. Permits and Fees: 

 

1. Apply for, make payment, secure and obtain all necessary and required 

permits relative to work of this section. 

 

1.3 SYSTEM DESCRIPTION 

 

A. Design Requirements: 

 

1. System design shall be by certified technician or registered Professional 
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Engineer qualified in Lightning Protection System design. 

2. Component sizing and selection for a complete system. 

3. Design shall appear as a part of the building or structure, with conductors 

concealed within columns, walls and roof construction, where possible and 

practicable. 

4. Select locations for equipment, which shall minimize need to disturb for 

future building maintenance and repair of roofing. 

 

B. Performance Requirements:  This is a performance specification.  It is the full 

responsibility of the installer to insure that the design and installation conforms to 

all applicable standards and Codes.  

 

C. Structures less than 75 feet in height shall utilize Class 1 materials.  Structures 

equal or greater than 75 feet in height shall utilize Class 2 materials. 

 

D. Provide UL Master Label system, as specified. 

 

1.4 SUBMITTALS 

 

A. General:  Submit each item in this Section according to the conditions of the 

contract and Division 01 Specification Sections. 

 

B. Submittals shall also comply with the submittal procedures and requirements of 

electrical Specification Sections. 

 

A. Submittal Requirements of this section: 

 

1. Roof plan showing system components. 

2. Air terminals. 

3. Roof, down, and couterpoise conductors. 

4. Couplings, bonding plates and connectors. 

5. Ground and bonding connections. 

6. Adhesive and mechanical fasteners. 

7. Roof penetrations and sealants. 

8. Steel grounding connectors. 

9. All other miscellaneous hardware. 

 

B. Descriptive Data: 

 

1. Manufacturer's specifications, data sheets. 

2. Catalog cuts. 

3. Dimensional drawings. 

4. Installation Instructions. 

5. Clearly indicate the exact size or rating proposed. 

6. To verify specifications have been met/exceeded.  
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7. Indication of UL Listings. 

8. Clearly indicate or state options, etc.: 

a. Manufacturer/cat. number. 

b. Construction data, materials, as applicable. 

c. Label each conductor or cable type, and its proposed application or 

location. 

d. Identify each component with a cross reference to the drawings. 

e. Drawings and installation instructions. 

f. Details to demonstrate that the system has been coordinated and 

will function as one unit. 

 

C. System Design Drawings: 

 

1. Identify each component used in the system. 

2. Indicate all building penetrations, and method proposed at each location. 

3. Indicate attaching methods for all components. 

4. Indicate proposed layout, including relationship to other parts of work. 

5. Show proposed protection for all building accessories, roof top equipment, 

etc. 

6. Drawings shall be stamped and signed by a licensed lightning protection 

engineer. 

 

D. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01requirements, Section  “Common Work Results For Electrical”, and as 

follows: 

 

1. Post installation ground resistance test results, per Section “Grounding & 

Bonding for Electrical Systems.” 

 

1.5 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100 (NEC). 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

3. Where equipment consists of multiple components, the entire assembly or 

product shall be UL Listed and Labeled, or Labeled by a testing 

organization acceptable to the Authority Having Jurisdiction per the NEC. 

 

B. Manufacturer’s Requirements: 

 

1. Engaged in manufacturing of lightning protection systems and equipment 
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at least 10 years. 

2. Provide local maintenance and service with location less than 100 miles 

from project site. 

3. Provide technical support to installer. 

4. Maintain, within 50 miles from site, a maintenance and service 

organization complete with parts inventory and repair facility. 

5. Materials shall be manufactured by an accredited member of the Lightning 

Protection Institute, in compliance with UL material Code 96. 

 

C. Single-Source Responsibility: 

 

1. The complete installation and performance of the installed system, 

including all accessories shall be the sole responsibility of the lightning 

protection system installer. It is the installer’s responsibility to ensure that 

all field installed accessories and loose components used in the system, 

meet these specifications, and perform up to the stated and tested 

standards. 

2. Coordinate the components of the system and their arrangements 

electrically and mechanically. 

 

D. Installer Qualifications: 

 

1. Has installed a minimum of fifteen (15) lightning protection systems of 

similar size and conditions within the local area. 

2. Has installed a minimum of five (5) UL Master Label systems, with 

successful UL Listing upon completion. 

3. Factory-authorized installer to perform work of this Section. 

4. Provide references upon request: 

a. Names of six (6) similar projects in size and scope. 

b. Contact person and phone number for each project. 

 

E. Installation Quality: In accordance with the following Codes and Standards. 

 

1. NEC National Electrical Code 

2. NETA National Electrical Testing Association 

3. NFPA National Fire Protection Association 

4. NLPI National Lightning Protection Institute 

5. UL Underwriters Laboratories 

 

F. Certification of all system components: 

 

1. Catalogued by the system manufacturer. 

2. UL Listing of each component individually. 
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1.6 DELIVERY, STORAGE AND HANDLING 

 

A. Storage and Protection: 

 

1. Store all materials under cover, in trailers, buildings, etc. 

2. Protect all materials from physical damage and exposure to weather, prior 

to installation. 

 

1.7 PROJECT CONDITIONS 

 

A. The lightning protection system and components shall be installed on the structure 

and all rooftop components, equipment and appurtenances.  Refer to all other 

project specification sections and drawings for coordination with roof, structural 

and mechanical systems. 

 

1.8 SEQUENCING 

 

A. General Sequencing: 

 

1. Coordinate lightning protection system installation with roof, steel, 

exterior and/or interior construction. 

2. Coordinate lightning protection system installation with mechanical 

system components on roof, grade, etc.  Do not install lightning protection 

components prior to completion of mechanical equipment requiring same. 

3. Provide for roof penetrations. 

4. Provide for connections to steel, where applicable, prior to wall close-in or 

ceiling installations. 

5. Provide for sub-grade roughins and stubouts. 

6. Coordinate trenching and installation of sub-grade components to avoid 

damage.  Do not install ground rods or counterpoise, prior to establishment 

of final grade elevations. 

 

1.9 COORDINATION 

 

A. Installer shall examine the structure and all items of construction affecting his 

work. 

 

B. Coordinate installation with other trades, especially roofing and structural steel. 
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PART 2  PRODUCTS 

 

2.1 ACCEPTABLE MANUFACTURERS 

 

A. Available Manufacturers:  Subject to compliance with requirements, provide a 

system by one of the following named manufacturers: 

 

1. Erico-A/C, Inc. 

2. Heary Brothers. 

3. East Coast Lightning Equipment, Inc. 

4. Harger Lightning and Grounding. 

5. Dillon Lightning Protection Systems, Inc. 

 

2.2 MATERIALS 

 

A. System components shall be of copper or aluminum complying with the 

requirements of LPI, UL and NFPA for type and height of building. 

 

2.3 CONDUCTORS 

 

A. In compliance with NFPA 780, “Standard for the Installation of Lightning 

Protection Systems,” and UL 96, “Lightning Protection Components” as 

applicable for materials specified. 

 

B. Main Aluminum Conductors: 

 

1. Smooth weave construction. 

2. Minimum 115 lbs/1000 LF. 

3. Minimum #14 AWG individual conductor strands. 

4. Minimum total area of conductivity: 115 kcmil. 

 

C. Secondary Copper Conductors: 

 

1. Concentric strand or solid construction. 

2. Minimum #4 AWG conductor. 

3. Minimum total area of conductivity: 41 kcmil. 

 

D. Secondary Aluminum Conductors: 

 

1. Smooth weave or solid construction. 

2. Minimum #4 AWG conductor. 

3. Minimum total area of conductivity: 41 kcmil. 
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E. Copper Counterpoise Conductor: 

 

1. Concentric stranded construction. 

2. Bare copper, soft temper per ASTM B8, “Standard Specification for 

Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or 

Soft." 

3. Minimum #4/0 AWG. 

 

2.4 AIR TERMINALS 

 

A. Construction: 

 

1. In compliance with NFPA 780, “Lightning Protection Code” and UL 96, 

“Lightning Protection Components.” 

2. Minimum 18" in length. 

3. Minimum 1/2" diameter. 

4. Solid aluminum or nickel-plated copper, subject to installation 

requirements. 

5. Threaded base. 

6. Project a minimum of 10" above the protected object. 

7. Supported by suitable, UL Listed braces with guides >50% the height of 

the terminal. 

 

B. Safety tips for rods posing impalement risk. 

 

1. Blunt safety tip to prevent injury to personnel. 

 

C. Terminal Bases: 

 

1. Cast bronze for copper air terminals. 

2. Cast aluminum for aluminum air terminals. 

3. Positive bolt tension cable clamping. 

4. Suitable for bolted, adhesive, or nailed attachment to surfaces, as required. 

 

2.5 GROUND RODS 

 

A. As specified in Section “Grounding & Bonding For Electrical Systems.”  

 

2.6 CONNECTORS 

 

A. Construction: 

 

1. In compliance with NFPA 780, “Lightning Protection Code” and UL 96, 

“Lightning Protection Components,” class as applicable. 

2. Positive bolt tension cable clamping. 
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3. Dual CU/AL rated connectors where joining copper and aluminum 

conductors. 

4. Cast bronze for copper air terminals. 

5. Cast aluminum for aluminum air terminals. 

 

2.7 MISCELLANEOUS COMPONENTS 

 

A. Other components required for a complete lightning protection system such as 

bonding plates, terminal supports, clip, fasteners, etc. shall conform to NFPA 780, 

“Lightning Protection Code” and UL 96, “Lightning Protection Components” for 

applicable classes. 

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions: Examine the conditions under which the 

equipment shall be delivered, installed, and operated.  Make all allowances 

required for installation and maintenance of the equipment, per Codes and 

manufacturer. 

 

3.2 INSTALLATION 

 

A. General Requirements: 

 

1. Install all equipment, as indicated and per manufacturer’s written 

instructions. 

2. Do not install equipment where location impedes access to other 

equipment or creates unsafe conditions.  Install in suitable, alternate 

location. 

3. Coordinate the installation of the lightning protection system with the 

work of other trades and contractors prior to laying out system or 

beginning work. 

4. Install per requirements of NFPA 780, “Lightning Protection Code” and 

UL 96A, “Installation Requirements for Lightning Protection Systems.” 

 

B. Air Terminals: 

 

1. Rigidly connect to structure. 

2. Make electrically continuous with roof conductors by means of pressure 

connectors or crimped joints. 

3. At ends of structures, set <24" from end of ridge or edges and corners of 

roof. 

4. Maximum spacing along ridges or roof edges of 20 feet. 

5. Minimum height above protected objects: 10 inches. 
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6. Prevent overturning by means of tripod or braces. 

7. Attach to mechanical equipment or other flat surfaces via adhesive, 

approved by terminal manufacturer for the intended application. 

8. Provide terminals with safety tips in all locations on flat roofs, low 

parapets, and other locations where personnel may become injured due to 

falls onto the air terminal. 

 

C. Roof Conductors: 

 

1. Connect directly to roof or ridge at intervals not to exceed 36.” 

2. Avoid creation of U or V pockets on roof surfaces that can trap water or 

debris. 

3. Prevent sharp bends or turns. 

4. Minimum bend radius of 8 inches. 

5. A minimum of two current paths shall be formed from every air terminal. 

6. Provide a downward or horizontal course.   

7. All connections shall be electrically continuous.  

8. Follow contours of flat roofs, ridges, parapets & edges. 

9. Concealed conductors shall be fastened as required to maintain position 

and hold permanently in place. 

D. Down Conductors: 

 

1. Interconnect secondary conductors with grounded parts within the 

building. 

2. Electrically continuous from air terminals and roof conductors to ground 

rods and counterpoise. 

 

3. Install down conductors on the outer surface(s) of the building, as 

practicable.  Conceal from general view, as possible, by locating on sides 

of 90 degree corners, out of sight. 

 

4. Provide multiple ground paths between protection system and ground. 

5. Minimum of two down conductors located as widely separated as possible, 

at diagonally opposite corners.  Provide additional down conductors on 

larger buildings and structures. 

6. All roof and down conductor connections and splices shall be compression 

type. 

 

E. Bonding of Metal Bodies: 

 

1. All metal bodies or objects permanently affixed to the structure and 

subject to direct lightning strike shall be provided with two current paths 

to the lightning protection system via full sized conductors. 

2. Bond all grounded metal bodies within the protection zone(s) if within the 

calculated bonding distance. 
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3. Bond ungrounded metal bodies to the lightning protection system, as 

required by calculations and Codes. 

 

F. Roof Penetrations: 

 

1. Where the system requires penetration of the roof, make such penetration 

utilizing manufacturer’s recommended products, approved by the roofing 

system installer. 

 

G. Ground Conductor Connections: 

 

1. Provide ground connection for each down conductor. 

2. Protect ground connections from mechanical damage. 

3. In making ground connections, utilize permanently moist areas as 

applicable. 

 

H. Grounding Electrode System: 

 

1. Provide a minimum of 2 ground rods. 

2. Ground rods shall be not less than 2, nor more than 10 feet from the 

foundation or structure. 

3. Drive electrode into earth a minimum of 11 feet. 

4. Install counterpoise around perimeter of the structure in a trench not less 

than 2 feet deep at a distance not less than 2 nor more than 10 feet from 

the structure. 

5. Provide connections to counterpoise for each ground rod. 

6. Bond all underground metal water pipes and other large metallic objects to 

the grounding counterpoise electrode system. 

7. All underground connections between conductors, rods, etc. shall be 

exothermic weld type. 

8. Interconnect lightning protection grounding electrode system to building 

electrical system ground. 

9. Comply with NEC Article 250, “Grounding.” 

 

3.3 CONSTRUCTION 

 

A. Corrosion Protection: 

 

1. Avoid combination of materials, which form electrolytic couple of 

dissimilar metal. 

2. Avoid connections in which corrosion is accelerated with moisture, unless 

moisture is permanently excluded from the union of such metals. 

3. Use protective coatings where required. 

4. Do not install copper components on aluminum roofing, flashing or near 
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aluminum components where moisture can run off copper onto aluminum 

trim or surfaces. 

5. Do not embed aluminum components in concrete or masonry. 

6. Aluminum components shall not be in contact with soil. 

 

B. Mechanical Protection: 

 

1. Oversize conductors to compensate for physical hazard or protect with 

nonmagnetic molding or tubing. 

2. Where metallic conduit is used, conductors shall be bonded to the conduit 

at upper and lower ends. 

 

C. Steel Frame Buildings: 

 

1. Steel framework shall be made electrically continuous by bolting, riveting 

or welding frame, or as specified in another section. 

2. Connect air terminals to steel framework at the ridge.  Short runs of 

conductors shall be used to join air terminals to the metal framework so as 

to maintain proper terminal placement. 

3. Connections to steel shall be bolted or exothermic weld. 

4. Column to ground rod/counterpoise connections shall be made at the 

bottom of steel columns.  At least half of steel columns shall have ground 

connections, spaced equally around perimeter, including the four corners. 

5. Metal doors, windows, gutters, etc. shall be bonded to the steel of the 

structure. 

 

D. Building Grounding Electrode System Connections: 

 

1. Provide direct connection from the Lightning Protection system to the 

building’s main grounding bus bar. 

2. Bonding to building grounding electrode system, including bonds to 

building steel, footing (UFER) ground, water service framework shall be 

made via common bonding to the main grounding bus bar. 

3. Bonding to building electrical and ancillary systems, including 

telecommunications, CATV, etc. shall be made via common bonding to 

the main grounding bus bar. 

4. LPS connections to main grounding bus bar shall be made via hydraulic 

crimped lugs, and bolted connection to bus bar. 

 

3.4 REPAIR/RESTORATION 

 

A. Restore all finishes, equipment, surfaces and/or grade to original condition, where 

affected by the work of this section.  
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3.5 FIELD QUALITY CONTROL 

 

A. Installation shall meet all the requirements of UL Master Label for such systems. 

 

B. Site Tests: 

 

1. Schedule tests and provide notification at least one week in advance of any 

test commencement. 

2. Post-Installation Testing:  After completing system installation, perform 

the following preparations for tests: 

a. Make ground resistance tests for system, per Section “Grounding 

& Bonding For Electrical Systems.” 

b. Inspect accessible components for cleanliness, mechanical, and 

electrical integrity, for presence of damage or deterioration.  

Correct all deficiencies are corrected. 

c. Inspect bolted electrical connections for tightness according to 

manufacturer's published torque values or, where not available, 

those of UL Standards 486A, “Wire Connectors and Soldering 

Lugs for Use with Copper Conductors” and 486B, “Wire 

Connectors for Use with Aluminum Conductors.” Provide a 

written inspection checklist, which verifies all components have 

been inspected and are satisfactory. 

 

C. System Certification: 

 

1. The Installer and Owner shall complete the UL application for inspection. 

2. The Owner’s representative shall witness and sign for the concealed 

grounding portion of the system, prior to covering with earth. 

3. Installer shall complete all required UL forms indicating completion and 

authorizing a UL representative inspection. 

 

D. UL Inspection: 

 

1. Installer shall replace, repair or otherwise correct any deficiencies noted by 

the UL inspector. 

2. Installer shall post the UL issued Certificate to the UL website, 

3. Installer shall deliver a hard copy of the UL Certificate to the Owner. 

4. System shall not be considered complete until final approval is received 

from UL as a Master Label system and UL issues the Certificate. 

 

 

END OF SECTION 
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SECTION 26 50 00 - LIGHTING 

 

PART 1  GENERAL 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, and Division 01 Specification Sections, apply to this 

section.  

 

1.2 SUMMARY 

 

A. Section Includes: 

 

1. Lighting fixtures 

2. LED Modules & Drivers 

3. Photocells 

4. Occupancy sensors 

 

B. Related Sections: 

 

1. Section “Finishes” for coordination with mounting surfaces and materials. 

2. Section “Common Work Results for Electrical” for labeling, and other 

general requirements. 

3. Section “Grounding & Bonding for Electrical Systems” for grounding and 

bonding requirements. 

4. Section “Low Voltage Power Conductors and Cables” for 600V 

conductors. 

5. Section “Raceways and Boxes for Electrical Systems” for conduit and 

raceway connections. 

6. Section “Commissioning of Electrical Systems” for specific 

commissioning and functional performance testing requirements. 

 

1.3 REFERENCES 

 

A. ANSI 

 

1. ANSI C78.1   American National Standard for Fluorescent Lamps- 

Rapid-Start Types -Dimensional and Electrical 

Characteristics. 

2. ANSI C78.377 Specifications for the Chromaticity of Solid State Lighting 

Products 

3. ANSI C82.4  Ballasts for High Intensity Discharge and Low-Pressure 

Sodium Lamps 

4. ANSI C82.6 Reference Ballasts for High Intensity Discharge Lamps - 
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Methods of Measurement 

5. ANSI C82.11 High-Frequency Fluorescent Lamp Ballasts 

 

1.4 SYSTEM DESCRIPTION 

 

A. Performance Requirements: Performance of the lighting fixtures and controls is 

based on the specified and/or indicated products. It is the full responsibility of the 

installer to insure that any differences in products do not deviate from the intended 

design or performance. 

 

1.5 SUBMITTALS 

 

A. Submittal Requirements of this section: 

 

1. Individual lighting fixtures. 

2. Energy Star compliance for exit lights. 

3. Fluorescent ballasts. 

4. HID ballasts. 

5. Emergency battery inverter ballasts. 

6. Low voltage contactor panels. 

7. Occupancy sensors. 

8. Lighting poles. 

9. LED Modules/Drivers 

10. Certain fixtures have been selected based not only on performance, but on 

appearance, finish, shape, etc.  Any substitutions shall be equal in 

performance and construction, as well as in appearance, as judged by the 

Owner or Architect.  Where no equals are available, as determined by the 

Architect, submit the specified fixture. 

 

B. Descriptive Data: 

 

1. Manufacturer's specifications, data sheets. 

2. Catalog cuts. 

3. Dimensional drawings. 

4. Installation Instructions. 

5. Wiring & connection diagrams. 

6. Capacity ratings, performance curves. 

7. Information required to indicate contract compliance. 

8. Clearly indicate and/or mark options, etc.: 

a. Manufacturer/cat. number. 

b. Lamp type, number of lamps, etc. 

c. HID ballast type, PF, data, etc. 

d. Fluorescent ballast data. 

e. LED lamp input wattage, lumen output and color temperature (K). 

f. Coefficient of Utilization (C.U.) charts. 
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g. Isofootcandle curves for exterior fixtures. 

h. Construction data, materials, lens type, reflector material, housing, 

as applicable. 

i. Warranty data. 

j. Color charts, where applicable. 

k. Fixture samples when requested. 

 

C. Calculations: 

 

1. Computer footcandle calculations, for any area when requested, and for the 

following areas: 

a. High bay warehouse storage areas. 

b. Gymnasiums 

c. Auditoriums/Cafeterias 

d. Parking Lots 

e. Representative Classroom areas 

f. Media Center/Libraries 

g. Open Office areas 

2. Calculations, shall utilize the following parameters: 

a. 0.80 maintenance factor. 

b. 80/50/20 reflectances. 

c. Work plane – 30 inches AFF. 

d. Include racks or other solid obstacles, as shown. 

3. Calculations, shall indicate the following information: 

a. Fc printout showing fc levels at 2 ft intervals, throughout 

illuminated areas (10 ft intervals for exterior calculations). 

b. Average, maximum and minimum fc levels. 

c. Ave/min and Ave/max ratios. 

d. Total quantity of fixtures. 

e. Total input watts for lighting system. 

 

D. Wiring Diagrams: 

 

1. Inverter ballasts, confirming the proposed wiring/control method. 

2. Occupancy sensors. 

3. Dimmer switches or controls. 

4. Low voltage control systems. 

5. Low voltage contactor panels. 

 

E. Shop Drawings: 

 

1. Low voltage contactor panels. 

 

F. Samples: 

 



 

Bowman Development Corp.                        LIGHTING 26 50 00-4 
Urban Educational Complex 

1. Provide fixture samples, when requested. 

2. Sample shall be identical to the proposed fixture in color, lamp, physical 

size, etc. 

3. Sample shall have a cord and plug, for connection to 120V, 20A wall 

receptacle. 

 

G. Closeout Submittals: Submit in accordance with the General Conditions and 

Division 01 requirements, Section , and as follows: 

 

1. Provide relamping chart of all fixtures used on project and the 

corresponding lamp information. 

2. Include lamp manufacturer, catalog number, color temperature and any 

special features (i.e. quartz restrike HID). 

3. Control system programming, setup and user controls. 

 

1.6 QUALITY ASSURANCE 

 

A. Listing and Labeling: Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms “Listed and Labeled”: As defined in the National Electrical 

Code, Article 100. 

2. Listing and Labeling Agency Qualifications: A “Nationally Recognized 

Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7. 

3. Where equipment consists of multiple components, the entire assembly or 

product shall be UL Listed and Labeled, or Labeled by a testing 

organization acceptable to the Authority Having Jurisdiction per the NEC. 

 

B. Single-Source Responsibility 

 

1. The complete performance of the assembled fixtures, mounts, poles, etc. 

including all accessories shall be the sole responsibility of the supplier. It 

is the installer’s responsibility to ensure that all factory and field installed 

accessories and loose components used in the system, meet these 

specifications, and perform up to the stated and tested standards. 

2. Insure that the complete fixture assembly complies with all individual 

component specifications, including ballasts, lamps, etc. 

3. Pole mounted fixtures: The manufacturer shall be responsible for the 

proper fit and performance of the fixture and pole, including attachment 

hardware, support arms, etc. 

 

C. Manufacturer/Vendor Requirements: 

 

1. Fixture manufacturer(s) shall have a minimum 15 year record of fixture 

manufacturing and in-service products of similar construction in the North 
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American market. 

2. Ballast manufacturers shall have a minimum of 15 years of producing 

electronic ballasts for the North American market.  Manufacturers shall be 

certified to ISO 9001 Quality System Standards. 

3. Furnish lighting fixtures indicated, complete with lamps, ballasts and 

mounting and/or suspension hardware. 

4. Furnish interior lighting fixtures with proper trim kits, framing kits, 

supports, etc. 

5. Furnish exterior fixtures mounted on the building with required backboxes 

to match mounting surfaces.  Also include all pole mounted fixtures with 

pole standards. 

6. Drawing fixture schedule generally indicates required features and/or 

performance. Manufacturers' catalog numbers are noted for reference and 

may not include all suffixes and prefixes of required features.  Provide 

fixtures with all the features of the base catalog number provided and all 

additional options indicated. 

7. Verify that proposed controls and other components which are to interface 

with the fixtures, ballasts, etc. are fully compatible with the fixture, ballast 

and lamp manufacturers’ written instructions. 

8. LED source manufacturers shall provide testing in accordance with LM-

80. Along with a valid method of projecting LM-80 test results to L50 & 

L70 lumen maintenance values based on recommended operating 

conditions. 

9. LED fixture manufacturers shall perform their own of junction 

temperature, drive current and other relevant factors and base the fixtures 

L50 & L70 values on LM-80 extrapolations provided by the LED source 

manufacturer. 

10. LED fixture manufacturers shall base published photometric data on test 

results from an independent NI ST – traceable testing lab using 

photometry in accordance with LM-79.  

 

D. Product Coordination Responsibility 

 

1. The contractor shall insure that all proposed fixtures are fully compatible 

and matched with the proposed control and/or dimmer switches. 

 

E. Installer Qualifications: 

 

1. Experienced in the installation and connection of all proposed fixture 

types, control components, and all other specified equipment. 

 

F. Installation Quality: In accordance with recognized trade organizations and 

standards. 

 

1. ANSI   American National Standards Institute 
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2. ASME   American Society of Mechanical Engineers 

3. ASTM   American Society for Testing and Materials 

4. IEEE  Institute of Electrical and Electronics Engineers 

5. NEC  National Electrical Code 

6. NECA  National Electrical Contractor’s Association “Standards of 

Installation.” 

7. NEMA   National Equipment Manufacturers Association 

8. NETA  National Electrical Testing Association 

9. NFPA  National Fire Protection Association 

10. UL  Underwriter’s Laboratories 

 

1.7 DELIVERY, STORAGE AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

 

1. Provide all transportation of unit(s) to site. 

2. Provide for rigging needed for unloading poles, crossarm assemblies, and 

other large equipment, and setting into final position. 

 

B. Storage and Protection: 

 

1. Store all fixtures in original packaging, as recommended by manufacturer. 

2. Store all fixtures in covered storage or building, out of the weather, until 

installation. 

3. Protect fixtures from physical damage and deterioration due to excessive 

heat, moisture, etc. 

4. Do not store electronic or sensitive components (i.e. occupancy sensors, 

control systems, etc.) in areas of high heat or humidity, which might create 

corrosion or other deterioration. 

5. Provide covers for all aluminum blade louvered fixtures to prevent dirt, 

fingerprints, etc. 

6. Store poles in horizontal position, on-grade with proper supports to 

prevent sagging and scratches. 

 

1.8 PROJECT CONDITIONS 

 

A. Fire Rated Ceilings:  Fixtures shall be compatible with ceiling or ceiling assembly 

fire rating per Architectural drawings.  Provide rated fixtures or tenting of light 

fixtures to maintain rating of ceiling.  Refer to Architectural drawings and 

specifications for locations and rating requirements. 

 

1.9 SEQUENCING 

 

A. General Sequencing: 
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1. Coordinate layout and installation of fixtures with other installations. 

2. Provide input to coordinated construction layout drawings to insure 

fixtures are installed as designed. Revisions to locations and elevations 

from those indicated shall be made only after consulting the 

Engineer/Architect, as required to suit field conditions and as approved by 

the Owner. 

3. Coordinate actual fixture depths and locations with piping, ductwork, 

cable trays, bulkheads, and other ceiling mounted equipment, etc. prior to 

rough-in. 

 

1.10 WARRANTY 

 

A. Special Warranty: Extended product warranty over and above that required by the 

Contract and General Conditions of this contract. 

1. LED fixtures (complete assembly):  3 years 

2. Battery inverter ballast   5 years 

3. Exterior HID fixtures:    5 years. 

 

 

 

PART 2  PRODUCTS 

 

2.1 MANUFACTURERS 

 

A. Available Manufacturers: Subject to compliance with requirements, provide the 

named “Basis of Design” manufacturer and model (“Basis of Design” fixtures are 

indicated on the drawing fixture schedule), or a comparable product of one of the 

other following named manufacturers: 

 

1. Interior Lighting Fixtures: 

a. Columbia Lighting 

b. Lithonia Lighting 

c. Cooper Lighting 

d. General Electric Co. 

e. Prescolite 

f. Lightolier 

g. Kenall Lighting 

h. Daybrite Lighting 

i. Ledalite  

j. Focal Point Lighting 

k. New Star 

l. Finelite, Inc 

m. Hubbell Lighting 

n. Guth Lighting 

o. H.E. Williams 
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2. Exterior Lighting Fixtures: 

a. Lithonia Lighting 

b. Cooper Industries - Crouse Hinds Lighting 

c. General Electric Co. 

d. Prescolite 

e. Kenall Lighting 

f. New Star 

g. Spaulding 

h. Gardco 

i. FC Lighting 

3. Vandal Resistant Lighting Fixtures: 

a. Columbia Lighting 

b. Lithonia Lighting 

c. Cooper Industries 

d. Kenall Lighting 

e. New Star 

f. Luminaire Lighting 

4. Battery Inverter Ballasts: 

a. Bodine (basis of design) 

b. Prescolite 

c. Acuity Brands Lighting 

5. Lamps: 

a. General Electric 

b. Osram/Sylvania 

c. Philips Lighting Electronics 

d. Venture Lighting 

6. LED Modules & Drivers: 

a. Philips Advance 

b. CREE 

c. Samsung 

7. Occupancy Sensors 

a. Watt Stopper 

b. Sensor Switch 

c. Hubbell 

d. Square D 

e. Leviton 

8. Screw-In Achor Bases: 

a. A.B. Chance Co. 

 

2.2 GENERAL REQUIREMENTS 

 

A. Listing/Labeling: 

 

1. UL listed and labeled fixtures and wiring. 

2. UL Damp or Wet location listed, as indicated or required. 
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3. UL hazardous area listed for Class, Division, and Group. 

 

B. Mounting Accessories: 

 

1. Fixture schedule generally indicates catalog number for lay-in tile ceilings. 

  

2. Refer to Architectural drawings for ceiling types. 

3. Provide fixture surface mounting kits, recessed framing kits, hardware, 

etc., as required. 

 

2.3 CONSTRUCTION FEATURES 

 

A. Troffer Fixtures: 

 

1. Die formed steel housing of 22 gauge, minimum. 

2. Post fabrication painting with baked white enamel, unless otherwise 

indicated.  Pre-painted steel is not permitted. 

3. Minimum reflectance of 87%.   

4. Diffusers - 1/8" acrylic, unless noted. 

5. Specification grade, unless noted. 

 

B. Exterior Fixtures: 

 

1. Cast aluminum housing, unless noted. 

2. Dark bronze finish, or as selected by Architect. 

3. UL Listed for Damp or Wet Location, as required. 

4. Weatherproof gasketing. 

5. Corrosion resistant hardware and materials. 

6. Photocell as indicated. 

 

C. LED Fixtures: 

 

1. LED light Source shall be shielded from direct view (interior fixtures). 

2. One piece die cast housing designed specifically for LED lamps/drivers. 

3. Thermal control to ensure cool running LED’s. 

4. All LED fixtures shall have a similar color temperature (degree K) rating 

to prevent visible lamp color differences. 

5. Replaceable LED module and driver. 

6. Post-installation adjustment possible from above or below ceiling without 

use of tools. 

7. All LED fixtures, modules and drivers shall be RoHS compliant. 

 

D. LED Exit Light Fixtures: 

 

1. Backlit LED lamp source through stencil face(s) with translucent diffuser 
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panel(s). 

2. Listed as a qualifying NEMA Premium Exit Sign Program fixture. 

3. Compliant with NEMA’s “EM-1 Standard for Premium Exit Signs”.  

4. Tested in accordance with applicable UL and CSA Standards.  

5. Products shall bear a special mark to indicate NEMA compliance. 

6. Thermal control to ensure cool running LED’s. 

7. RED LED’s and/or panels. 

 

2.4 LED MODULES & DRIVERS 

 

A. Minimum Requirements: 

 

1. U.L. Listed. 

2. High Efficiency, solid state driver. 

3. Minimum rated life of 50,000 hours at 70%. 

4. 3500K color temperature, unless otherwise noted or specified. 

5. CRI of 80 (minimum). 

6. RoHS compliant. 

7. Dimmable and compatible with all 0-10V dimming switches. 

8. Philips Xitanium drivers, or approved equal. 

 

B. Construction Features: 

 

1. Driver shall be include all metal-can construction for optimal thermal 

performance. 

2. Driver shall operate from 50/60 Hz input source of 120V through 277V 

with sustained variations of +/- 10% (voltage) with no damage to the 

Driver. 

3. Output shall be regulated to +/- 5% across published load range. 

4. Minimum input Power Factor > 0.90 for for 50-100% of full load. 

5. Input current Total Harmonic Distortion (THD) < 20%. 

6. Class A sound rating. 

7. Minimum operating temperature of -4
o
F. 

8. Driver shall tolerate sustained open circuit and short circuit output 

conditions without fail and auto-resetting without need for external fuses 

or trip devices. 

9. UL Listed for Damp and Dry locations. 

10. Integral common mode and differential mode surge protection of 

2.5kV(100kHz 30ohm ring wave). 

11. Integral thermal foldback to reduce driver power above rated case 

temperature to protect the driver if temperatures reach unacceptable levels. 

12. Meets NEMA 410 for in-rush current limits. 

13. Integral means of limiting surges to the LEDs. 

14. Underwriters Laboratories (UL) recognized Class 2 per UL1310. 

15. 5-year limited warranty from date of manufacture against defects in 
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material or workmanship, including replacement. 

16. Dimmable drivers shall be controlled by a Class 2 low voltage 0-10VDC 

controller with dimming range controlled between 1 and 8VDC with 

source current 150µA. 

 

C. LED Emergency Battery Inverter Units: 

 

1. For LED fixtures, where indicated on drawings and fixture schedules: 

a. Inverter operation LED illumination upon loss of AC input. 

b. Dual voltage 120/277 volt input. 

c. Maintenance free, sealed nickel cadmium battery. 

d. Charger and circuitry in UL Listed metal case. 

e. Installed in, or on top of, fixture housing. 

f. Battery shall provide light output, for 90 minutes. 

g. Test button and charge indication LED on fixture. 

h. 5 year full warranty. 

i. Lithonia, Bodine or equal. 

 

D. Outdoor LED Driver Construction Features: 

 

1. Integral common mode and differential mode surge protection of 

3kV(1.2/50µs, 2ohm combination wave). 

2. Minimum operating temperature of -40
o
F. 

 

2.5 PHOTOCELLS 

 

A. For single fixture control: 

 

1. Integral with fixture where applicable. 

2. Control only fixture where mounted. 

3. Separately mounted photocells, not acceptable, unless otherwise indicated. 

 

B. For multiple fixture/contactor control: 

 

1. Permanently wired & mounted in weatherproof box. 

2. 1/2" threaded fitting for knockout or threaded hub. 

3. Omni-directional via threaded fitting. 

4. UV treated translucent dome. 

5. Adjustable photocell shield. 

6. 2000W tungsten, 1800 VA ballast load. 

7. 120, 208 or 277 V, as required.  

8. Tork Model 2000, or equal.   

 

C. All Photocells: 
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1. Delayed action on and off to prevent false switching. 

2. Positive, snap action switching to prevent on-off cycling at dawn and dusk. 

3. Integral photocells by the fixture manufacturer, installed at the factory.  

Integral twist-lock type photocells are acceptable if installed as a 

permanent part of the fixture. 

 

2.6 LINE VOLTAGE OCCUPANCY SENSORS 

 

A. Sensor requirements: 

 

1. 120V or 277V operation, as applicable. 

2. Sensitivity adjustment with LED for calibration. 

3. Manual-On control of load(s) per 2015 IECC requirements. 

4. 5 year warranty from manufacturer. 

5. Adjustable sensitivity and time delay settings. 

 

B. Wall Switch PIR Sensor: 

 

1. Passive infrared. 

2. 180° coverage. 

3. Coverage: 900 sq. ft. maximum, 300 sq. ft. for desktop activity. 

4. Maximum load (incand. or fluor); 800W @ 120V, 1200W @ 277V. 

5. 2 level, 36 segment fresnel lens. 

6. Adjustable 2-200 fc daylight sensor to maintain illumination (remains off 

when above set fc level). 

7. Button(s) for Manual-On of load(s) in compliance with 2015 IECC. 

8. Individual manual buttons for dual-circuit or bi-level controls, where 

indicated. 

9. WattStopper PW-100 (single circuit) or PW-200 (dual circuit) series, 

Hubbell or approved equal. 

 

C. Ceiling Mounted PIR Sensor: 
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1. Passive infrared. 

2. 180° (wall) or 360° (ceiling) coverage. 

3. Interchangable lenses (patterns) for corridors. 

4. Coverage: CX-100 (2000sf @ 10’ mtg height); C1-200 (1200sf @ 8’ mtg 

height). 

5. Complete with power pack, relays. 

6. Internal auxiliary contact for misc. functions. 

7. Ganging of 1-3 sensors per power pack for large areas. 

8. Adjustable 2-200 fc daylight sensor to maintain illumination (remains off 

when above set fc level). 

9. WattStopper CI-100 (wall) or CI-200 (ceiling) series, Hubbell OMNI, or 

approved equal. 

 

D. Ceiling Mounted Dual Technology Sensor: 

 

1. Dual PIR and Ultrasonic sensing. 

2. Universal wall/ceiling mounting bracket. 

3. Coverage: DT-200 (2000sf @ 10’ mtg height); DT-300 (1200sf @ 8’ mtg 

height). 

4. Complete with power pack, relays. 

5. Internal auxiliary contact for misc. functions. 

6. Ganging of 1-3 sensors per power pack for large areas. 

7. Adjustable 3-430 fc daylight sensor to maintain illumination (remains off 

when above set fc level). 

8. WattStopper DT-200 (wall) or DT-300 (ceiling) , Hubbell OMNI, or 

approved equal. 

 

E. Ceiling Mounted Ultrasonic Sensor: 

 

1. Ultrasonic, 25kHz +0.005% 

2. 360° coverage. 

3. Complete with power pack, relays. 

4. 500, 1000, or 1500 sq. ft. coverage, as required. 

5. Ganging of 1-3 sensors per power pack for large areas. 

6. WattStopper W500A/1000A/1500A/2000H series, Hubbell OMNI, or 

approved equal. 

 

F. Ceiling Mounted Long Range Ultra-Sonic Sensor (for Corridors): 

 

1. Ultrasonic, 32kHz +0.005% 

2. 360° omni-directional coverage. 

3. Complete with power pack, relays. 

4. 10 ft wide x 90 linear ft. coverage in corridors (up to 12 ft mounting 

height). 

5. Ganging of 1-3 sensors per power pack for large areas. 
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6. Adjustable sensitivity 

7. WattStopper WT-2255, or equal. 

 

G. Universal voltage power pack 

1. UL Listed, plenum rated. 

2. 120/277VAC input.  

3. 24VDC, 225mA output. 

4. Provides 24VDC for operation of compatible occupancy sensors and low 

voltage manual wall switches.  

5. Field adjustable DIP switches for Auto or Manual On operation. 

6. WattStopper BZ-150. 

 

 

H. Low Voltage Switches  

1. Momentary contact, for interface with universal power pack(s). 

2. Provides signal for manual on-off control. 

3. Suitable for 24VDC operation, as required.  

4. LED indicator light 

5. Decora style wall switches. 

6. WattStopper DCC2, or similar. 

 

I. Low Voltage Keyed Switches 

 

1. Momentary Keyed Toggle Switches 

2. 24 VDC, 3 amp 

3. Single pole double throw center position rest 

4. Keyed supplied with switch 

5. 3 year warranty 

6. Wattstoppper LVS-1K-G 

 

PART 3  EXECUTION 

 

3.1 EXAMINATION 

 

A. Site Verification of Conditions:  Examine the conditions under which the 

equipment shall be delivered, installed, and operated.  Make all allowances 

required for operation, access and maintenance of the equipment, per Codes and 

manufacturers. 

 

3.2 INSTALLATION 

 

A. Fixture Installation - General: 

 

1. Support all fixtures independent of ceiling systems, ducts and piping. 

2. Provide hangers from purlins, joists, beams, etc., for support of all boxes 
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and fixtures. 

3. Provide trapeze hanger supports for fixtures under ducts, large pipes, etc. 

4. Galvanized steel for all hangers, channels, bolts, etc. 

5. No fixtures shall be supported solely by grid or gypsum board ceilings. 

6. Maintain required clearances around fixtures according to manufacturer’s 

written instructions. 

 

B. Recessed Fixture Frames: 

 

1. Support recessed fixtures with galvanized tie wires, at two opposite 

corners of fixture. 

2. Provide framing for all recessed fixtures. 

3. Plaster frames for plaster or GWB ceilings. 

4. Provide sloped ceiling adapters, where applicable. 

5. Make electrical connections using flexible conduit, concealed above 

finished ceilings. 

 

C. Surface Mounted Fixture: 

 

1. Install fixtures tight to ceiling or wall surface with no visible gaps. 

2. Support fixture using rigid rods, channels, etc. Do not support from ceiling 

grid system or with wires. 

3. Tighten attaching hardware evenly and per manufacturer’s instructions to 

prevent warping or distortion of fixtures. 

4. Provide recessed backbox to allow fixture mounting tight to surface. 

5. Make electrical connections through rear of fixture, concealed as 

practicable. 

 

D. Suspended Fixture: 

 

1. Provide hangers, rods, suspension cables, etc. for suspended fixtures, per 

drawings. 

2. Install fixtures level and will all support rods or cables plumb.  

3. Securely attach fixture to rigid supports, where applicable, to prevent 

wobble. 

4. For continuous row fixtures, install rows straight and level.  Provide 

supports at intervals, per manufacturer. 

5. Make electrical connections from above, through top of fixture(s).  

Minimize visible cable or hollow rod wiring drops by using through-

wiring of continuous row fixtures, as permitted by manufacturer. 

 

E. Electrical, Mechanical and Utility Room Fixture Installation: 

 

1. Drawings provide the general layout of fixtures, quantities, circuiting, etc. 

2. Provide adjustments to fixture locations, elevations and supports, as 
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required to coordinate fixtures with installed mechanical and electrical 

system equipment and maintain an even lighting distribution. 

3. Do not install fixtures fully or partially above pipes, conduits, flues, 

hangers, or other equipment. 

4. Install fixtures over walkways and where light will illuminate equipment 

fronts, controls, etc.  Do not locate directly above boilers, chillers, 

switchboards, etc. 

5. Fixtures shall be installed where accessible for future lamp and ballast 

maintenance, without need for special scaffolding, other than step ladders. 

 

F. Walk-in Refrigerator, Freezer and Cold Room Fixture Installation: 

 

1. Install all fixtures to minimize number of penetrations through insulated 

walls. 

2. Caulk around conduit penetrations on interior and exterior surfaces of 

insulated panels. 

3. Provide air-tight seal in all penetrating conduit between interior and 

exterior of refrigerated space.  Provide a seal of silicone caulk in conduit at 

nearest box or conduit fitting prior to penetrating insulated panel.  Apply 

caulk after installing all conductors. 

 

G. General Coordination: 

 

1. Even, symmetrical spacing of fixtures. 

2. Coordinate with diffusers, grilles and access panels in ceilings to establish 

a symmetrical pattern. 

3. Drawings are general in nature and show approximate mounting locations 

of exterior lights.  Coordinate during construction to center fixtures where 

applicable and coordinate with other wall mounted materials (downspouts, 

etc.). 

 

H. Occupancy Sensor Installation: 

 

1. Install in ceiling or wall, per actual manufacturer’s instructions.  Drawings 

are not to be used for exact placement. 

2. Infrared only sensors: 

a. Maintain maximum distance from heating registers, convectors, 

unit heaters, and other moving hot air sources. 

b. Do not aim sensing elements at open doors or windows. 

3. Ultrasonic only sensors: 

a. Do not aim sensing elements at open doors or windows. 

 

3.3 CONSTRUCTION 

 

A. Grounding: Ground fixtures, housings, poles, and supporting equipment frames 
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and enclosures per NEC and as specified in Section “Grounding & Bonding For 

Electrical Systems.” 

 

B. Connections: Tighten joints, connectors and terminals, including screws and bolts, 

in accordance with manufacturer’s published torque tightening values for 

connectors and bolts.  Where manufacturer’s torque requirements are not 

indicated, tighten connections to comply with torque tightening values specified in 

UL 486A, “Wire Connectors and Soldering Lugs for Use with Copper 

Conductors”.  

 

3.4 ADJUSTING 

 

A. General: 

 

1. Adjust aiming of all fixtures with adjustable optics or housings. 

2. Rotate downlight trims for proper orientation of louver blades or wall 

wash reflectors. 

 

B. Occupancy Sensor Adjustments: 

 

1. Provide masking or blocking of PIR sensors, as required to limit 

sensitivity to within the intended room/area only.  

2. Provide field adjustments to sensitivity and range, appropriate to the 

activity planned in the area, coverage area, etc. 

3. Provide shielding to limit sensitivity to nearby illumination sources, as 

required. 

4. Re-adjust any sensors for improved operation per Owner direction. 

5. Adjust footcandle level settings for sensors with daylight sensing. 

6. Set “Time Delay Off” adjustments, as follows: 

a. Toilet Rooms:  15 minutes 

b. Classrooms:  15 minutes 

c. Individual Offices: 15 minutes 

d. Open Office Areas: 30 minutes 

e. Conference Rooms: 15 minutes 

f. Break/Lunch Rooms: 15 minutes 

g. Utility or Storage Rms: 15 minutes 

h. Public Corridors: 30 minutes 

i. Other areas not listed: 30 minutes 

 

C. Photocell Sensor Adjustments: 

 

1. Where possible, set photocell “direction” toward North sky. 

2. Provide field adjustments to lighting sensitivity, appropriate to the activity 

planned in the area. 

3. Provide shielding to limit sensitivity to any nearby illumination sources, as 
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required. 

4. Re-adjust any sensors for improved operation per Owner direction. 

 

3.5 CLEANING 

 

A. General: Clean all fixtures after work of all trades is complete, and prior to 

turnover to Owner. 

 

1. Remove paint splatters and other spots, dirt, and debris. 

2. Touch up scratches and mars of finish to match original finish. 

3. Remove protective films, etc. from all devices, controls, etc. 

4. Remove all wire clippings, etc. from interior of fixtures. 

5. Adjust louvers, shielding, etc. for proper and consistent orientation. 

6. Thoroughly wipe clean all surfaces with degreaser/cleaner, suitable for 

material. 

7. Leave no visible dirt or fingerprints on lenses, louvers, housings, 

reflectors, lamps, etc. 

 

3.6 DEMONSTRATION 

 

A. Owner Demonstrations: Provide a factory trained representative for each system 

and type of equipment, for the purpose of training owner's personnel: 

 

1. Discuss proper operation, maintenance, and use of all equipment. 

2. Demonstrate periodic Owner testing and/or inspection of equipment. 

3. Demonstrate adjustment to Owner-accessible equipment and systems. 

4. Instructors shall be fully knowledgeable of the installed equipment and all 

components. 

5. Training shall be completed at the project site following Owner 

occupancy, at Owner’s discretion. 

6. Schedule after all final tests, adjustments and Owner's acceptance. 

7. Training shall include use of delivered O&M manuals for each system or 

equipment. 

 

B. Occupancy Sensor Demonstration: 

 

1. Provide working demonstration for each type of sensor installed. 

2. Explain function, delay settings, adjustments, etc. 

 

3.7 COMMISSIONING 

 

A. This project includes Commissioning of selected systems and components.  

Provide for commissioning of the Lighting and control systems, as required per 

Section “Commissioning of Electrical Systems”, and the Commissioning Plan. 
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END OF SECTION 
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