
 

 

 

 

ADDENDUM TWO 

 
July 18, 2016 
 
TO WHOM IT MAY CONCERN 

Reference:  RFP #735-16-8162 Legacy Hall Pathway Connections 

This letter serves as addendum two to the above referenced project which is currently out for 
bid.  Please see the following narrative and drawings which are part of the bid specifications.   
 
If you have any questions please contact me. 
 

Thank You. 

Sincerely, 

 

Stephen Shelley 
Director of Purchasing/Contract Management 
stephen.shelley@mwsu.edu 
940 397-4110 
 
 
Cc: 
David Percy 

 



BID DOCUMENT ADDENDUM  Page 1 of 1 

 

1040 Vermont Street  • Lawrence, Kansas 66044-2920 

ATLANTA, GEORGIA • DALLAS, TEXAS • DENVER, COLORADO • KANSAS CITY, MISSOURI • LAWRENCE, KANSAS • ST. LOUIS, MISSOURI • TOPEKA, KANSAS 

720.836.6075  • www.treanorarchitects.com 

Project: Midwestern State University 
New Residence Hall 
Site Improvements - Bid Package 01 
 

Addendum No.: 02  

RFP No.: #735-16-8162  Date of Issuance: July 18, 2016 

You are instructed to read and to note the following described changes, corrections, clarifications, omissions, deletions, additions, 
approvals and statements pertinent to the Contract Bid and Construction Documents. 
 
Addendum No.2 is a part of the Contract Bid and Construction Documents and shall govern in the performance of the Work. 

 

General: The following specifications are being added that relate to the exterior power and site lighting. 
 
 
Article 2-1, Specifications, 26 0100, General Requirements for Electrical Work, Bid Package 1: 

A. ADD the following specification Section 26 0100, General Requirements for Electrical Work.  

 
Article 2-2, Specifications, 26 0519, Low-Voltage Electrical Power Conductors and Cables, Bid Package 1: 

A. ADD the following specification Section 26 0519, Low-Voltage Electrical Power Conductors and Cables. 

 
Article 2-3, Specifications, 26 0526, Grounding and Bonding for Electrical Systems, Bid Package 1: 

A. ADD the following specification Section 26 0526, Grounding and Bonding for Electrical Systems. 

 
Article 2-4, Specifications, 26 0543, Underground Ducts and Raceways for Electrical Systems, Bid Package 1: 

A. ADD the following specification Section 26 0543, Underground Ducts and Raceways for Electrical 

Systems. 

 
Article 2-5, Specifications, 26 2726, Wiring Devices, Bid Package 1: 

A. ADD the following specification Section 26 2726, Wiring Devices. 

 
Article 2-6, Specifications, 26 5617, Exterior Lighting, Bid Package 1: 

A. ADD the following specification Section 26 5617, Exterior Lighting 

 

 

End of Addendum No. 2 

Attachments 
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SECTION 26 01 00 – GENERAL REQUIREMENTS FOR ELECTRICAL WORK 

PART 1 – GENERAL 

1.1 DESCRIPTION 

A. General Requirements for Electrical Work are intended to be complementary to General 
Requirements of Construction Contract. 

B. Work Included: Provide and install complete electrical items where shown on Drawings, as specified 
herein, and as needed for complete and proper installation including, but not limited to the following 
summary of Work: 

1. A complete electrical system including power, lighting, medium and low voltage systems. 
2. A complete system of feeders and branch circuits to supply electrical power for the entire 

facility. 
3. All Interior luminaries and lamps. 
4. All exterior luminaries, lamps, conduit and wiring including all those shown or otherwise 

implied in the architectural, lighting and landscape drawings. 
5. Emergency egress luminaries. 
6. Interior and exterior lighting control. 
7. Wiring devices, outlets, disconnect switches, coverplates, etc. 
8. Main electrical service. 
9. Pad-mount transformer. 
10. A complete electrical distribution system including switchgear, switchboards, panelboards, 

transformers, disconnects, etc. 
11. Hangers, anchors, sleeves, chases, supports for fixtures, and other electrical materials and 

associated equipment. 
12. Motor starters and controls for motors provided under the Contract, but for which motor 

starters and controls are not otherwise provided. 
13. Provisions for low voltage systems. 
14. A complete fire alarm system as indicated. 
15. A complete short circuit, breaker coordination and arc flash study. 
16. A complete lightning protection system. 
17. Other items and services as required for a complete electrical system. 
18. Surge protection. 
19. All work specified as addenda in drawings or missives by the architect, engineer, or MSU. 

1.2 QUALITY ASSURANCE AND APPLICABLE STANDARDS 

A. Use adequate numbers of skilled workers who are thoroughly trained and experienced in the 
necessary crafts and who are completely familiar with the specified requirements and methods 
needed for proper performance of the Work of this Section.  

B. Without additional cost to the Engineer/Owner, provide such other labor and materials as are 
required to complete the Work of this Section in accordance with the requirements of Governmental 
Agencies having jurisdiction, regardless of whether materials and associated labor are delineated 
elsewhere in these Contract Documents. 

C. When requested, provide the Owner’s Authorized Representative with manufacturer’s certificate that 
materials meet or exceed minimum requirements as specified. 

D. Electrical and Fire Alarm Work shall conform to requirements and recommendations of the latest 
edition of the National Electrical Code and local codes and ordinances.  When codes conflict, the 
more stringent requirements shall govern. 
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E. Specifications and Standards of the following organizations are by reference made part of these 
Specifications.  Electrical Work, unless otherwise indicated, shall comply with requirements and 
recommendations wherever applicable: 

1. Association of Edison Illuminating Companies (AEIC) 
2. American National Standards Institute (ANSI) 
3. American Society for Testing and Materials (ASTM) 
4. Certified Ballast Manufacturers (CBM) 
5. Electrical Testing Laboratories (ETL) 
6. Institute of Electrical and Electronic Engineers (IEEE) 
7. Insulated Power Cable Engineers Association (IPCEA) 
8. National Bureau of Standards (NBS) 
9. National Electrical Contractors Association (NECA) 
10. National Electrical Manufacturer's Association (NEMA) 
11. National Fire Protection Association (NFPA) 
12. Radio-Television Manufacturer's Association (RTMA) 
13. Reflector Luminaire Manufacturers (RLM) 
14. Underwriters' Laboratories, Inc. (UL) 
15. National Electrical Testing Association (NETA) 

1.3 REQUIREMENTS OF REGULATORY AGENCIES 

A. Requirements and recommendations of the latest editions of the Occupational Safety and Health Act 
(OSHA), Americans with Disabilities Act (ADA), and the Texas Accessibility Standards (TAS) are by 
reference made part of these Specifications. Work shall comply with requirements and 
recommendations wherever applicable. 

1.4 RELATED WORK SPECIFIED ELSEWHERE 

A. Other Sections of Divisions 23, 26, 27, and 28. 

B. Other Divisions of Contract Documents.  Refer to each Division's Specifications and Drawings for 
requirements. 

C. Contract Documents and Specifications for Bid Package 1, “New Residence Housing.” 

1.5 SUBMITTALS 

A. Comply with pertinent provisions of Division 01. 

B. Submittals required of materials and equipment include following: 

1. Materials list of items proposed to be provided under Division 26, 27 and 28. 
2. Manufacturer's specifications and other data needed to prove compliance with specified 

requirements.  The term "Compliance" shall mean that the Contractor certifies that submitted 
equipment meets or exceeds Contract Document requirements.  Items that do not clearly 
meet this definition should be identified and explained as required in the following 
paragraph. 

3. Explain with enough detail so that it can easily be determined that the item complies with the 
functional intent.  List disadvantages or advantages of proposed item versus specified item.  
Submit technical data sheets and pictures and diagrams to support and clarify.  Organize in 
a clear and concise format.  Substitutions must be approved in writing by the Engineer.  The 
Engineer’s decision shall be final. 

4. Allow a minimum of ten (10) working days for review of each submittal and resubmittal. 
5. Items of equipment that are not accepted in writing as “approved equal” shall be replaced or 

revised to comply with the Contract Documents at the Contractor's expense. 
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6. The manufacturer’s recommended installation procedures shall become the basis for 
accepting or rejecting actual installation procedures used on the Work. 

7. Shop drawings shall consist of detailed drawings with dimensions, schedules, weights, 
capacities, installation details and pertinent information needed to describe the material or 
equipment. 

C. Submittals required of materials and equipment under this Division includes the following listed items 
not supplied by the Owner.  These submittal requirements are intended to be complimentary to the 
requirements that may be listed in the individual sections.  In the event of conflict, more stringent 
requirement shall apply. 

1. Conductors and Cabling 

a. Submit product data for each specified product. 

2. Raceways and Boxes 

a. Submit product data for surface raceways, wireways and fittings, floor boxes, 
hinged-cover enclosures, and cabinets. 

b. Submit Shop Drawings including layout drawings showing components and wiring 
for nonstandard boxes, enclosures, and cabinets.  

3. Wiring Devices 

a. Product Data: For each product type indicated. 
b. Submit operation and maintenance data for wiring devices, for inclusion in 

“Operating and Maintenance Manual” specified in this section.  

4. Hangers and Supports 

a. Product Data:  For the following: 

1. Steel slotted support systems. 

b. Shop Drawings Show fabrication and installation details and include calculations for 
the following: 

1. Trapeze hangers.  Include Product Data for components. 
2. Steel slotted channel systems.  Include Product Data for components. 
3. Equipment supports. 

5. Conductors and Cables for Electronic Safety and Security 

a. Submit product data for each product and component specified. 

6. Electrical Identification 

a. Submit product data for each product and component specified. 

7. Mechanical Equipment and Controls 

a. Submit product data for each product and component specified.  

8. Grounding and Bonding 
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a. Submit product data for grounding rods, connectors and connection materials, and 
grounding fittings. 

9. Interior and Exterior Lighting 

a. Submit product data describing fixtures, lamps, ballasts, and emergency lighting 
units.  Arrange product data for fixtures in order of fixture designation.  Include data 
on features and accessories. 

b. Submit outline drawings indicating dimensions and principal features of fixtures. 
c. Submit electrical ratings and photometric data including certified results of 

laboratory tests for fixtures and lamps. 
d. Submit battery and charger data for emergency lighting units. 
e. Submit Shop Drawings detailing nonstandard fixtures and indicating dimensions, 

weights, and methods of field assembly, components, features, and accessories. 
f. Submit wiring diagrams detailing wiring for control system showing both factory-

installed and field-installed wiring for each specific system which differentiates 
between factory-installed and field-installed wiring. 

g. Submit air and thermal performance data for air-handling fixtures. 
h. Submit sound performance data for air-handling fixtures. 
i. Submit maintenance data for fixtures to include in the Operation and Maintenance 

Manual as specified in this Section. 

10. Digital Addressable Fire Alarm System 

a. The fire alarm system drawings will not be reviewed by the Engineer until the 
system has been reviewed and approved by the local code authority having 
jurisdiction. 

b. Product Data:  Submit four (4) complete sets of documentation.  Document the type, 
size, rating, style, catalog number, manufacturer name, photographs, and catalog 
data sheets for items proposed to meet these specifications.  The proposed 
equipment shall be subject to approval of the Engineer, and no equipment shall be 
ordered or installed without that approval. 

c. Shop Drawings:  Submit complete set of Shop Drawings, one for each unit sub-
assembly that requires that field wire be connected to it.  Shop Drawings shall be 
reproduced electronically from a Master Copy supplied by the manufacturer in 
digital format. 

1. Comply with recommendations in the "Documentation" Section of the 
"Fundamentals of Fire Alarm Systems" Chapter in NFPA 72. 

2. Shop Drawings shall be prepared by persons with the following 
qualifications: 

a. Trained and certified by manufacturer in fire-alarm system 
design. 

b. NICET-certified fire-alarm technician, Level III minimum. 

3. Provide "Record of Completion Documents" according to NFPA 72 article 
"Permanent Records" in the "Records" Section of the "Inspection, 
Testing and Maintenance" Chapter. 

4. Record copy of site-specific software. 
5. Provide "Maintenance, Inspection and Testing Records" according to 

NFPA 72 article of the same name and include the following: 
6. Frequency of testing of installed components. 
7. Frequency of inspection of installed components. 
8. Requirements and recommendations related to results of maintenance. 
9. Manufacturer's user training manuals. 
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10. Include voltage drop calculations for notification appliance circuits.  Size 
circuits to provide 20% spare capacity. 

11. Include battery-size calculations.   
12. Include performance parameters and installation details for each 

detector, verifying that each detector is listed for complete range of air 
velocity, temperature, and humidity possible when air-handling system is 
operating. 

13. Include voice/alarm signaling-service equipment rack or console layout, 
grounding schematic, amplifier power calculation, and single-line 
connection diagram. 

14. Include floor plans to indicate final outlet locations showing address of 
each addressable device.  Show size and route of cable and conduits. 

15. Include on drawings candela ratings of all strobe units 

d.  Close-out Submittals:  Eight (8) copies of following Manual shall be delivered to the 
Engineer at the time of system acceptance.  Close out submittals shall include: 

1. Operating manuals covering installed Life Safety System. 
2. Point-to-point diagrams of the entire Life Safety System as installed. This 

shall include connected smoke detectors and addressable field modules. 
Drawings shall be provided in standard DXF format.  Also provide vellum 
plots of each sheet. System-generated point-to-point diagrams are 
required to ensure accuracy. 

3. An application program listing for the system as installed at the time of 
acceptance. 

4. Name, address, and telephone number of the authorized factory 
representative. 

5. Drawings must reflect the device address and programmed 
characteristics as verified in presence of the Engineer and the Owner’s 
Authorized Representative. 

6. “As-Built” riser and wiring diagrams reflecting T-taps and each 
programmed device characteristic including detector type, base type, 
address, sensitivity setting, and wire configurations shall be provided to 
the Engineer. 

11. Record Documents.  Refer to the “Project Record Documents” paragraph of this Section. 
12. Operation and Maintenance Data.  Refer to the “Operation and Maintenance Data” 

paragraph of this Section. 

D. Resubmittals of rejected submittals shall be limited to one (1) in number.  Costs for processing 
subsequent resubmittals in excess of the first resubmittal, resulting from the Contractor’s disregard of 
the Architect/Engineer’s primary submittal rejection comments, shall be borne by the Contractor.  
Costs shall be based on the Architect/Engineer’s hourly rates as published in their current 
professional fee schedules and shall also include reimbursable costs for delivery, mailing, and 
photocopies at direct cost plus ten percent (10%). 

1.6 SUBSTITUTIONS 

A. The Contract Documents list manufacturers' names and catalog numbers followed by the phrase "or 
equal" are to establish a standard of quality and utility for the specified items and to provide a 
dimensional reference to the scaled drawings. 

B. Submittals for "equal" items shall include the following data, which is not necessarily required for 
specified items which list the manufacturer and catalog number: 

1. Performance characteristics. 
2. Materials. 
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3. Finish. 
4. Certification of conformance with specified codes and standards. 
5. Manufacturer's specifications and other data needed to prove compliance with the specified 

requirements.  The term "compliance" is understood to mean that the submitted equipment 
will meet or exceed the Contract Document requirements.  Items that do not clearly meet 
this definition shall be identified and explained as required in the following Paragraph. 

6. Identify the difference between specified equipment and proposed substituted equipment. 
Explain with enough detail so that the Engineer/Owner can easily determine that the item 
complies with the functional intent.  List disadvantages or advantages of the proposed item 
versus the specified item.  Submit technical data sheets and pictures and diagrams to 
support and clarify. Organize in a clear and concise format.  The Engineer shall approve 
substitutions in writing. The Engineer’s decision shall be final. 

C. Submittals of "equal" components or systems may be rejected if: 

1. The material or equipment would necessitate alteration of the mechanical, electrical, 
architectural, or structural design. 

2. Dimensions vary from specified material or equipment so that accessibility or clearances are 
impaired or Work of other trades is adversely affected. 

D. Proposed substitutions for materials or equipment must be submitted ten (10) days prior to final bid 
date for consideration as approved equals.  Otherwise, substitutions will not be permitted.  Only 
prime bidders shall make proposals for substitutions.   

E. No substitution shall be made unless authorized in writing by the Engineer.  Should substitution be 
accepted, and should substitute material prove defective or otherwise unsatisfactory for service 
intended, and within guarantee period, replace this material or equipment with material or equipment 
specified, to the satisfaction of the Engineer and at no cost to the Engineer/Owner. 

1.7 ORDINANCES, PERMITS, METERS, UTILITIES AND ROYALTIES 

A. Purchase all necessary permits and licenses necessary for completion of the Work. Pay all lawful 
fees required and necessary pursuant in obtaining said permits and licenses.  Certificates of 
approvals and inspections by local governing and regulating authorities are required. 

B. Pay all fees required for the connection of utility power and telephone services required for the Work. 

C. Pay royalty payments or fees required for the use of patented equipment or systems. Defend 
lawsuits or claims for infringement of the patent rights and hold the Engineer/Owner harmless from 
loss as result of said suits or claims. 

1.8 COMPATIBILITY OF EQUIPMENT 

A. Assume full responsibility for the satisfactory operation of component parts of the electrical systems.  
Assure compatibility of equipment and performance of the integrated systems in accordance with the 
requirements of the Construction Documents.  Notify the Engineer before submitting a bid should the 
Specifications or Drawings make acceptance of responsibility impossible, prohibitive, or restrictive.  
The bid shall be accompanied by a written statement listing any objections or exceptions to the 
applicable specification section and drawing. 

1.9 UTILITIES AND TEMPORARY POWER 

A. Verify the location and capacity of all existing utility services before starting the Work.  The locations 
and sizes of electrical lines are shown in accordance with data secured from the Owner's survey.  
The data shown is offered as an estimating guide without guarantee of accuracy. 
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B. Pay all utility charges for temporary power not paid by the Owner.  Provide all temporary lighting and 
power required.  Install in accordance with OSHA requirements and as described in the General 
Requirements, Division 1. 

1.10 FLASHINGS, SLEEVES, AND INSERTS 

A. Provide flashings where conduits pass through outside walls.  Flashings shall be properly formed to 
fit around conduit and shall be caulked, with 790 Silicone Building Sealant by the Dow Corning 
Corporation, so as to make a watertight seal between conduit and building. 

B. Unless otherwise specified, install sleeves for each conduit where it may pass through interior walls 
or floors.  Galvanized 22 gage sheet iron sleeves shall be used.  Finish flush with each finished wall 
surface.  In pipe chases, the sleeve shall extend 1-1/2 inches above the floor slab and shall be 
watertight.   

C. Raceways that pass through concrete beams or walls and masonry exterior walls shall be 
provided with galvanized wrought iron pipe sleeves, unless shown otherwise on drawings.  Inside 
diameter of these sleeves shall be at least 1/2 inch greater than outside diameters of service 
pipes.  After pipes are installed in these sleeves, fill annular space between the pipes and sleeves 
with 790 Silicone Building Sealant by the Dow Corning Corporation.  Completed installation shall 
be watertight. 

D. Roof penetrations shall be provided with counter flashings arranged to provide weatherproof 
installation. 

E. Penetrations through walls, floors, and ceilings shall be done in manner to maintain integrity of fire 
rating of the respective wall, floor, or ceiling. 

F. Reference Division 1 for additional sealant requirements.  Where conflicts occur with the specified 
requirements, the more stringent shall apply. 

1.11 SURFACE CONDITIONS 

A. Examine the areas and conditions under which the Work of this Division will be performed.  Work 
required to correct conditions detrimental to timely and proper completion of Work shall be included 
as part of the Work of this Division.  Do not proceed until unsatisfactory conditions are corrected. 

1.12 CONSTRUCTION REQUIREMENTS 

A. The drawings show arrangements of the Work.  Rearrangement of the spaces and equipment will be 
considered when the Project conditions make this necessary and materials or equipment can be 
installed to better advantage.  Prior to proceeding with the Work, coordinate with the various trades 
to prepare and submit five (5) copies of Drawings of the proposed arrangement for the Engineer’s 
review.  Allow a minimum of ten (10) working days for review. 

B. Installation or rearrangement of the equipment and space for the Contractor’s convenience or to 
accommodate the material or equipment substitutions will be considered. Assume responsibility for 
rearrangement of equipment and space and have the Engineer review change before proceeding 
with the Work.  Request for changes shall be accompanied by Shop Drawings of the affected 
equipment and space.  Identify proposed monetary credits or other benefits.  Allow a minimum of ten 
(10) working days for review. 

C. Properly locate and size all required pipe sleeves and slots, holes, or openings in structure. 

1.13 PREPARATION AND COORDINATION 
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A. Coordinate the work in strict accordance with the Contract Documents as follows: 

1. Where lighting fixtures and other electrical items are shown in conflict with locations of 
structural members and mechanical or other equipment, provide required supports and 
wiring to clear encroachment.  Shop drawings shall be furnished by this section, indicating all 
changes to meet space requirements, code requirements, and as necessary to resolve all 
space conflicts. 

2. Install power and control wiring for installation of equipment furnished under Division 23.  
Furnish disconnect switches and other equipment as required for the proper operation of 
equipment unless equipment is specified to be factory mounted. 

B. Information on the Drawings and in these Specifications is reasonably accurate, but absolute 
accuracy is not guaranteed.  The drawings are diagrammatic, and the exact locations, distances, 
levels, and other conditions shall be governed by actual construction.  

C. Where receptacles are not specifically located on the Drawings, locate as determined in field by the 
Engineer.  Where convenience receptacles are installed without the Engineer’s specific direction, 
relocate as directed by the Engineer at no additional cost to the Owner. 

D. Field-verify measurements.  No extra compensation will be allowed because of differences between 
the Work shown on Drawings and actual site measurements.  

E. Branch circuit wiring and arrangement of home runs have been designed for maximum economy 
consistent with adequate sizing and other considerations.  Increase size of wiring and wiring systems 
to accommodate more stringent requirements listed in these Specifications or on the Drawings.  
Install wiring with circuits arranged as shown on the Drawings, except as otherwise approved in 
advance by the Engineer. 

F. Equipment Layout: 

1. The physical location and arrangements of electrical equipment is shown on the Plans 
and is to be used by the Electrical Contractor as a guideline in construction.  It is the 
responsibility of the Electrical Contractor to review the Plans with the proposed 
equipment and equipment of other contractors that are affected, and to insure that all 
Code required clearances, wiring distances and maintenance accesses, including 
equipment heights, of all items are maintained. 

2. Alternate arrangements to accomplish the above due to field conditions or changes in 
physical size of the equipment proposed for the project are to be submitted to the 
Architect for review before any work is begun or equipment ordered.   

3. The alternate arrangement is to be presented in a 1/4 inch scaled drawing showing all 
equipment, including those of other contractors.  Include shop drawing cut sheets and 
applicable information.   

4. Indicate on the drawing by dimension all required Code clearances, wiring distances and 
maintenance access requirements.  Where equipment heights are required to be 
coordinated with architectural or other items, indicate revised heights. 

1.14 PROJECT RECORD DOCUMENTS 

A. Provide Project record documents associated with Work in accordance with the provisions of these 
Specifications. Refer to Division 01 for additional requirements. 

B. Throughout progress of the Work, maintain accurate record of all changes in Contract Documents 
(Drawings and Specifications). Changes shall include Addendums issued during bidding and location 
of the electrical service lines, receptacles, and outside utilities. 

C. Delegate responsibility for maintenance of record documents to one person on the Contractor's staff. 
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D. Accuracy of Records 

1. Thoroughly coordinate changes, making adequate and proper entries on each page of the 
Specifications and each sheet of the Drawings and other documents.  Match symbology and 
format of base documents. 

2. Accuracy of records shall be such that future searches for items shown in Contract 
Documents may rely reasonably on the information obtained from approved Project record 
documents. 

E. Maintain a job set of record documents protected from deterioration and from loss and damage until 
completion of Work. Transfer all recorded data to the final Project record documents. 

F. Making Entries on Drawings 

1. Using erasable colored pencil (not ink or indelible pencil), clearly describe the changes by 
graphic line and note as required. 

2. Date entries. 
3. Call attention to the entry by "cloud" drawn around area or areas affected. 
4. In event of overlapping changes, use different colors for overlapping changes. 
5. Make entries within twenty-four (24) hours after receipt of information that changes have 

occurred. 
6. Maintain base drawing format and use same symbology. 
7. Convert field mark-ups to finished CADD record drawings when required in this Section. 
8. Convert Schematic Layouts to represent the final installed conditions. 

G. Final Project Record Documents 

1. The purpose of the final Project Record Documents is to provide factual information 
regarding all aspects of the Work, both concealed and visible, to enable future modification 
of the Work to proceed without lengthy and expensive site measurement, investigation, 
and examination. 

2. Provide CADD Electronic files in “.dwg” format using AutoCAD Release 2010 software 
(minimum).  Upon written request, completion of the release form, and payment of the 
Engineer’s standard fee of $250 for set-up charge and $25 per drawing for copies of such 
files, the Engineer will provide AutoCAD Release 2010 electronic files of the base 
Contract Drawings in “.dwg” format on compact disc.  The Engineer will also provide a list 
of the drawing layers and names that shall be maintained. 

3. Provide a complete set of record drawings on one compact disc and one reproducible Mylar 
film of each drawing. 

1.15 OPERATION AND MAINTENANCE DATA 

A. Submit two (2) copies of the preliminary draft of the proposed manual or manuals to the Engineer for 
review and comments.  Allow a minimum of ten (10) working days for review.   

B. Submit approved manual to the Engineer prior to the indoctrination of the operation and maintenance 
personnel. 

C. Where instruction manuals are required for submittal, they shall be prepared in accordance with the 
following: 

 
Format: Size: 
 
Paper: 
 
Text: 
 

8-1/2-inch by 11-inch 
 
White bond, at least 20 pound weight 
 
Neatly written or printed 
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Drawings: 11 inches in height preferable; bind in with text; foldout acceptable; 
larger drawings acceptable but fold to fit within Manual and provide 
drawing pocket inside the rear cover or bind in with text. 

 
Flysheets: 

 
Separate each section of the Manual with neatly prepared flysheets 
briefly describing the contents of ensuing section; flysheets may be in 
color. 
 

Binding: Use heavy-duty plastic or fiberboard covers with binding mechanism 
concealed inside manual; 3-ring binders will be acceptable; binding is 
subject to the Engineer’s approval. 
 

Measurements: Provide measurements in U.S. standard units (e.g., feet, inches, and 
pounds).  Where items may be expected to be measured within ten 
(10) years in accordance with the metric formulae, provide additional 
measurements in "International System of Units" (SI). 

 
Provide front and back covers for each manual, using durable material approved by the Engineer, 
and clearly identified on or through the cover with at least the following information: 

 
OPERATING AND MAINTENANCE INSTRUCTIONS 
Name and Address of Work 
Name of the Contractor 
General subject of this manual 
Space for approval signature of the Engineer and approval date(s) 

D. Contents: Include at least the following: 

1. Neatly typewritten index near the front of the Manual, giving immediate information as to the 
location within the manual of the emergency information regarding installation. 

2. Complete instructions regarding the operation and maintenance of the equipment involved 
including lubrication, disassembly, and reassembly. 

3. Complete nomenclature of the parts of equipment. 
4. Complete nomenclature and part number of the replaceable parts, name and address of 

nearest vendor and other data pertinent to the procurement procedures. 
5. Copy of guarantees and warranties issued. 
6. Manufacturer's bulletins, cuts, and descriptive data, where pertinent, clearly indicating 

precise items included in this installation and deleting, or otherwise clearly indicating, 
manufacturers' data with which this installation is not concerned. 

7. Other data as required in pertinent Sections of these Specifications. 

1.16 EQUIPMENT FOUNDATIONS 

A. Provide equipment foundations in accordance with the provisions of these Specifications. 

B. Provide concrete bases for switchgear, switchboards, distribution panelboards, floor-mounted 
transformers, and other equipment that is to be pad or floor mounted.  Bases shall be four (4) inches 
high above finished floors or grades (unless otherwise noted) and shall protrude a minimum of two 
(2) inches beyond the sides of the equipment and shall have exposed chamfered edges.  Construct 
bases from ready-mixed hardrock concrete, ASTM C94, reinforced with #3 rebar, ASTM A615, 
Grade 40.  Rebar shall be located at eighteen (18) inches on center in each direction. 

C. Field verify exact location of outdoor pad mounted equipment with the Engineer.  Supply necessary 
fill and grade site to provide natural drainage away from the equipment. 

1.17 TESTING AND INSPECTION 
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A. Provide personnel and equipment, make required tests, and secure required approvals from the 
Engineer and Governmental Agencies having jurisdiction.   

B. Make written notice to the Engineer adequately in advance of each of the following stages of 
construction: 

1. When rough-in is complete, but not covered. 
2. At completion of the Work of this Division. 
3. In underground condition prior to placing backfill, concrete floor slab, and when associated 

electrical Work is in place. 

C. When material or workmanship is found to not comply with specified requirements, remove items 
from the job site and replace them with items complying with the specified requirements at no 
additional cost to the Owner.  This shall be performed within three (3) days after receipt of the written 
notice of noncompliance. 

D. In the Engineer’s presence, test parts of electrical system and prove that items provided under this 
Division function electrically in required manner. 

1.18 WARRANTY 

A. Warrant equipment and workmanship for a period of one (1) year after the date of substantial 
completion and replace or repair faulty equipment or installation at no cost to the Owner for service 
during this period, in accordance with the requirements of Division  

B. Warranty shall not void specific warranties issued by the manufacturers for greater periods of time or 
void rights guaranteed to the Owner by law. 

C. Warranties shall be in writing in form satisfactory to the Owner, and shall be delivered to the Owner 
before final payment is made. 

1.19 PROJECT COMPLETION 

A. Upon completion of the Work of this Division, thoroughly clean exposed portions of the electrical 
installation, removing traces of soil, labels, grease, oil, and other foreign material, and using only type 
cleaner recommended by the manufacturer of item being cleaned. 

B. Thoroughly indoctrinate the Owner's operation and maintenance personnel in the contents of the 
operations and maintenance manual required to be submitted as part of this Division of these 
Specifications. 

END OF SECTION 26 01 00 
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 

B. Related Requirements: 

1. Other Sections of Divisions 23, 26, 27 and 28. 
2. Other Divisions of Contract Documents.  Refer to each Division's Specifications and 

Drawings for requirements. 

1.3 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene Monomer rubber. 

B. NBR:  Acrylonitrile-butadiene rubber. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical 
Testing Association or the National Institute for Certification in Engineering Technologies to 
supervise on-site testing specified in Part 3. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

C. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 
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1. American Insulated Wire Corp.; a Leviton Company. 
2. General Cable Corporation. 
3. Southwire Company. 

B. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THHN/THWN. 

D. Multi-conductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for armored cable, Type AC, 
Type SO, Type USE with ground wire and nonmetallic-sheathed cable, Type NM. 

2.2 CONNECTORS AND SPLICES 

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

1. 3M. 
2. Hubbell Power Systems, Inc. 
3. Ideal Industries, Inc. 
4. O-Z/Gedney. 
5. Tyco Electronics Corp. 

B. Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type, 
and class for application and service indicated. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Service Entrance: Type THHN/THWN, single conductors in raceway. 

B. Exposed Feeders: Type THHN/THWN, single conductors in raceway. 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN, single 
conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN/THWN, 
single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN, single conductors in 
raceway. 
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F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: 

1. 1st Floor:  Type THHN/THWN, single conductors in raceway. 
2. Floor 2 -5:  Type NM and type THHN/THWN, single conductors in raceway. 
3. Roof:  Type THHN/THWN, single conductors in raceway. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 
Type THHN/THWN, single conductors in raceway. 

H. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, and strain relief device at terminations to suit application. 

I. Minimum wire size shall be #12 for power.  All runs over 100’ shall be a minimum of #10. 

J. Minimum wire size shall be #14 for controls. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 
follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

G. Type NM cable shall not be terminated directly to circuit breakers in panelboards or switchboards.  
Cable shall be connected to a terminal strip located in a wireway above the panelboard.   

H. No more than three (3) Type NM cables shall be bundled together and installed in a single 
opening in the wood structure or walls. 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack. 
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3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 
Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with 
requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and 
Cabling." 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 
original fire-resistance rating of assembly according to Section 07 84 13 "Firestopping" and 
Section 07 84 00 13 “Firestopping Schedule.” 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform the following tests and inspections: 
 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test service entrance and feeder conductors for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification. Certify compliance with test parameters. 

3. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG and 
larger. Remove box and equipment covers so splices are accessible to portable scanner. 
Correct deficiencies determined during the scan. 
a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 

each splice 11 months after date of Substantial Completion. 
b. Instrument: Use an infrared scanning device designed to measure temperature 

or to detect significant deviations from normal values. Provide calibration record 
for device. 

c. Record of Infrared Scanning: Prepare a certified report that identifies splices 
checked and that describes scanning results. Include notation of deficiencies 
detected, remedial action taken and observations after remedial action. 

C. Test and Inspection Reports: Prepare a written report to record the following: 
 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

D. Cables will be considered defective if they do not pass tests and inspections. 

END OF SECTION 26 05 19 
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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. Grounding conductors. 
2. Grounding connectors. 
3. Grounding busbars. 
4. Grounding rods. 
5. Grounding labeling. 

B.  Grounding and bonding systems and equipment. 

1.3 DEFINITIONS 

A. BCT: Bonding conductor for telecommunications. 

B. EMT: Electrical metallic tubing. 

C. TGB: Telecommunications grounding busbar. 

D. TMGB: Telecommunications main grounding busbar. 

1.4 ACTION SUBMITTALS 

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

1.5 INFORMATIONAL SUBMITTALS 

A. As-Built Data: Plans showing dimensioned as-built locations of grounding features specified in 
"Field Quality Control" Article, including the following: 

1. Test wells. 
2. Ground rods. 
3. Ground rings. 
4. Grounding arrangements and connections for separately derived systems. 
5. BCT, TMGB, TGBs, and routing of their bonding conductors. 

B. Qualification Data: For testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 
maintenance manuals. 
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1. In addition to items specified in Section 017823 "Operation and Maintenance Data," 
include the following: 

a. Instructions for periodic testing and inspection of grounding features at test wells, 
ground rings and grounding connections for separately derived systems based 
on NFPA 70B. 

1. Tests shall determine if ground-resistance or impedance values remain 
within specified maximums, and instructions shall recommend corrective 
action if values do not. 

2. Include recommended testing intervals. 

b. Result of the ground-resistance test, measured at the point of BCT connection. 
c. Result of the bonding-resistance test at each TGB and its nearest grounding 

electrode. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 CONDUCTORS 

A. Insulated Conductors: Stranded copper wire, green or green with yellow stripe insulation, 
insulated for 600 V. 

1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-
strand, UL-listed, Type THHN wire. 

2. Cable Tray Equipment Grounding Wire: No. 8 AWG. 

B. Cable Tray Grounding Jumper: 

1. Not smaller than No. 6 AWG and no longer than 12 inches. If jumper is a wire, it shall 
have a crimped grounding lug with two holes and long barrel for two crimps. If jumper is a 
flexible braid, it shall have a one-hole ferrule. Attach with grounding screw or connector 
provided by cable tray manufacturer. 

C. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 
2. Stranded Conductors: ASTM B 8. 
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3. Tinned Conductors: ASTM B 33. 
4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches wide and 1/16 inch thick. 

D. Grounding Bus: Predrilled rectangular bars of annealed copper with 9/32-inch holes spaced 1-1/8 
inches apart. Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 
600 V and shall be Lexan or PVC, impulse tested at 5000 V.  Dimensions shall be as shown on 
the plans or as required for the application.  

2.3 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 

C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

D. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire 
terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.4 GROUNDING BUSBARS 

A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches in 
cross section and 24 inches long. The busbar shall be NRTL listed for use as TMGB and shall 
comply with J-STD-607-A. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide a 4-inch clearance to access the rear 

of the busbar. Brackets and bolts shall be stainless steel. 
3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 

600-V switchboards, impulse tested at 5000 V. 

B. TGB: Predrilled rectangular bars of hard-drawn solid copper, 1/4 by 2 inches in cross section and 
24 inches long. The busbar shall be for wall mounting, shall be NRTL listed as complying with 
UL 467, and shall comply with J-STD-607-A. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide at least a 2-inch clearance to access 

the rear of the busbar. Brackets and bolts shall be stainless steel. 
3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 

600-V switchboards, impulse tested at 5000 V. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel; 3/4 inch by 10 feet. 
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PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 
AWG and larger unless otherwise indicated. 

1. The bonding conductors between the TGB and structural steel of steel-frame buildings 
shall not be smaller than No. 6 AWG. 

2. The bonding conductors between the TMGB and structural steel of steel-frame buildings 
shall not be smaller than No. 6 AWG. 

B. Underground Grounding Conductors: Install bare copper conductor, No. 4/0 AWG minimum. 

1. Duct-Bank Grounding Conductor: install in duct bank as indicated. 

C. Grounding Bus: Install in electrical and telephone/data equipment rooms, in rooms housing 
service equipment, and elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches above 
finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top 
of doorway, and down; connect to horizontal bus. 

D. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus. Install a main bonding jumper between the neutral and ground buses. 

B. The BCT between the TMGB and the ac service equipment ground shall be minimum No. 1/0 
AWG. 

3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the 
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with 
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding 
terminals. Bury ground ring not less than 6 inches from the foundation. 

3.4 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70: 
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1. Feeders and branch circuits. 
2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 

C. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted 
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, 
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct and 
connected metallic piping. 

D. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated equipment 
grounding conductor to each electric water heater and heat-tracing cable. Bond conductor to 
heater units, piping, connected equipment, and components. 

E. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated 
equipment grounding conductor in addition to grounding conductor installed with branch-circuit 
conductors. 

F. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in 
that room, using equipment grounding conductors not smaller than No. 6 AWG. 

G. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

H. Primary Protector: Bond to the TMGB with insulated bonding conductor. 

I. Interconnections: Interconnect all TGBs with the TMGB with the telecommunications backbone 
conductor. If more than one TMGB is installed, interconnect TMGBs using the grounding 
equalizer conductor. The telecommunications backbone conductor and grounding equalizer 
conductor size shall not be less than 2 kcmils/linear foot of conductor length, up to a maximum 
size of No. 3/0 AWG unless otherwise indicated. 

J. Telecommunications Enclosures and Equipment Racks: Bond metallic components of enclosures 
to the telecommunications bonding and grounding system.  Bond the equipment grounding 
busbar to the TGB No. 2 AWG bonding conductors. 

3.5 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 
when interconnecting with lightning protection system. Bond electrical power system ground 
directly to lightning protection system grounding conductor at closest point to electrical service 
grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless 
otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated. Make connections without exposing steel or damaging coating if any. 
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2. For grounding electrode system, install at least three rods spaced at least one-rod length 
from each other and located at least the same distance from other grounding electrodes, 
and connect to the service grounding electrode conductor. 

D. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are 
specified in Section 260543 "Underground Ducts and Raceways for Electrical Systems," and shall 
be at least 12 inches deep, with cover. 

1. Test Wells: Install at least one test well for each service unless otherwise indicated. 
Install at the ground rod electrically closest to service entrance. Set top of test well flush 
with finished grade or floor. 

E. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 
is required, use a bolted clamp. 

F. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from 
building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service pipes; 
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one 
of the lug bolts of the flange. Where a dielectric main water fitting is installed, connect 
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or 
sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 
meters. Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 

G. Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of 
associated fans, blowers, electric heaters, and air cleaners. Install bonding jumper to bond across 
flexible duct connections to achieve continuity. 

H. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column 
and at intermediate exterior columns at distances not more than 60 feet apart. 

I. Ground Ring: Install a grounding conductor, electrically connected to each building structure 
ground rod and to each indicated item, extending around the perimeter of building. 

1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps to 
building steel. 

2. Bury ground ring not less than 24 inches from building's foundation. 

3.6 IDENTIFICATION 

A. Labels shall be preprinted or computer-printed type. 

1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications space identifier for 
the space containing the TMGB. 
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2. Label TGB(s) with "fs-TGB," where "fs" is the telecommunications space identifier for the 
space containing the TGB. 

3. Label the BCT and each telecommunications backbone conductor at its attachment point: 
"WARNING! TELECOMMUNICATIONS BONDING CONDUCTOR. DO NOT REMOVE 
OR DISCONNECT!" 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's written 
instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal and at ground test 
wells.  Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 
assembly, and other grounding electrodes. Identify each by letter in alphabetical order, 
and key to the record of tests and observations. Include the number of rods driven and 
their depth at each location, and include observations of weather and other phenomena 
that may affect test results. Describe measures taken to improve test results. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms. 
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms. 
4. Power Distribution Units or Panelboards Serving Electronic Equipment: 1 ohm. 
5. Substations and Pad-Mounted Equipment: 5 ohms. 
6. Manhole Grounds: 10 ohms. 

G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Engineer 
promptly and include recommendations to reduce ground resistance. 

END OF SECTION 26 05 26 
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SECTION 26 05 43 - UNDERGROUND DUCTS AND RACEWAYS 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. 

B. Related Requirements: 

1. Section 260533 – “Raceways and Boxes for Electrical Systems” 

1.2 SUMMARY 

A. Section Includes: 

1. Direct-buried conduit, ducts, and duct accessories. 
2. Concrete-encased conduit, ducts, and duct accessories. 
3. Handholes and boxes. 

1.3 DEFINITIONS 

A. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include duct-bank materials, including separators and miscellaneous components. 
2. Include ducts and conduits and their accessories, including elbows, end bells, bends, 

fittings, and solvent cement. 
3. Include accessories for handholes, boxes, and other utility structures. 
4. Include warning tape. 
5. Include warning planks. 

B. Shop Drawings: 

1. Precast or Factory-Fabricated Underground Utility Structures: 

a. Include plans, elevations, sections, details, attachments to other work, and 
accessories. 

b. Include duct entry provisions, including locations and duct sizes. 
c. Include reinforcement details. 
d. Include grounding details. 
e. Include joint details. 

2. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete: 

a. Include dimensioned plans, sections, and elevations, and fabrication and 
installation details. 

b. Include duct entry provisions, including locations and duct sizes. 
c. Include cover design. 
d. Include grounding details. 
e. Include dimensioned locations of cable rack inserts, and pulling-in and lifting 

irons. 
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1.5 INFORMATIONAL SUBMITTALS 

A. Duct-Bank Coordination Drawings: Show duct profiles and coordination with other utilities and 
underground structures. 

1. Include plans and sections, drawn to scale, and show bends and locations of expansion 
fittings. 

2. Drawings shall be signed and sealed by a qualified professional engineer. 

B. Product Certificates: For concrete and steel used in precast concrete manholes, as required by 
ASTM C 858. 

C. Qualification Data: For professional engineer and testing agency responsible for testing 
nonconcrete handholes and boxes. 

D. Source quality-control reports. 

E. Field quality-control reports. 

1.6 MAINTENANCE MATERIALS SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

B. Furnish cable-support stanchions, arms, insulators and associated fasteners in quantities equal to 
5 percent of quantity of each item installed. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Qualified according to ASTM E 329 for testing indicated. 

1.8 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied 
by Owner or others unless permitted under the following conditions, and then only after arranging 
to provide temporary electrical service according to requirements indicated: 

1. Notify Owner no fewer than two days in advance of proposed interruption of electrical 
service. 

2. Do not proceed with interruption of electrical service without Owner' written permission. 

B. Ground Water: Assume ground-water level is at grade level unless a lower water table is noted 
on Drawings. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR DUCTS AND RACEWAYS 

A. Comply with ANSI C2. 

2.2 CONDUIT 

A. Rigid Steel Conduit: Galvanized. Comply with ANSI C80.1. 

B. RNC: NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer as 
the conduit, complying with NEMA TC 3 and UL 514B. 
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2.3 NONMETALLIC DUCTS AND DUCT ACCESSORIES 

A. Underground Plastic Utilities Duct: NEMA TC 2, UL 651, ASTM F 512, Type EPC-80, with 
matching fittings complying with NEMA TC 3 by same manufacturer as the duct. 

B. Duct Accessories: 

1. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type and 
size of ducts with which used, and selected to provide minimum duct spacing indicated 
while supporting ducts during concreting or backfilling. 

2. Warning Tape: Underground-line warning tape specified in Section 260553 "Identification 
for Electrical Systems." 

3. Concrete Warning Planks: Nominal 12 by 24 by 3 inches size, manufactured from 6000-
psi concrete. 

a. Color: Red dye added to concrete during batching. 
b. Mark each plank with "ELECTRIC" in 2-inch-high, 3/8-inch-deep letters. 

2.4 POLYMER-CONCRETE HANDHOLES AND BOXES 

A. General Requirements for Handholes and Boxes: 

1. Boxes and handholes for use in underground systems shall be designed and identified as 
defined in NFPA 70, for intended location and application. 

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and 
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a 
combination of the two. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to 
the following: 

a. Oldcastle Precast, Inc. 
b. Quazite: Hubbell Power Systems, Inc. 

2. Standard: Comply with SCTE 77. 
3. Configuration: Designed for flush burial with open bottom unless otherwise indicated. 
4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural 

load rating consistent with enclosure and handhole location. 
5. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
6. Cover Legend: Molded lettering, "ELECTRIC" or as indicated on the plans. 
7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts 

for secure, fixed installation in enclosure wall. 
8. Polymer-Concrete Handholes shall be used for 24-inch by 36-inch and smaller sizes. 

2.5 PRECAST CONCRETE HANDHOLES AND BOXES 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Oldcastle Precast, Inc. 

B. Comply with ASTM C 858 for design and manufacturing processes. 
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C. Description: Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom 
unless open-bottom enclosures are indicated. Frame and cover shall form top of enclosure and 
shall have load rating consistent with that of handhole or box. 

1. Frame and Cover: Weatherproof aluminum frame with hinged aluminum access door 
assembly with tamper-resistant, captive, cover-securing bolts. 

a. Cover Hinges: Concealed, with hold-open ratchet assembly. 
b. Cover Handle: Recessed. 

2. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 
3. Cover Legend: Molded lettering, "ELECTRIC" unless indicated otherwise on plans. 
4. Configuration: Units shall be designed for flush burial and have closed bottom unless 

otherwise indicated. 
5. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as 

enclosure. 

a. Extension shall provide increased depth of 24 inches. 
b. Slab: Same dimensions as bottom of enclosure, and arranged to provide closure. 

6. Joint Sealant: Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability 
properties necessary to withstand maximum hydrostatic pressures at the installation 
location with the ground-water level at grade. 

7. Windows: Precast openings in walls, arranged to match dimensions and elevations of 
approaching ducts and duct banks, plus an additional 12 inches vertically and horizontally 
to accommodate alignment variations. 

a. Windows shall be located no less than 6 inches from interior surfaces of walls, 
floors, or frames and covers of handholes, but close enough to corners to 
facilitate racking of cables on walls. 

b. Window opening shall have cast-in-place, welded-wire fabric reinforcement for 
field cutting and bending to tie in to concrete envelopes of duct banks. 

c. Window openings shall be framed with at least two additional No. 3 steel 
reinforcing bars in concrete around each opening. 

8. Precast Concrete Handholes shall have inserts for cable racks and pulling-in irons 
installed before concrete is poured. 

9. Precast Concrete Handholes shall be used for sizes larger than 24-inch by 36-inch. 

2.6 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to ASTM C 1037. 

B. Nonconcrete Handhole and Pull-Box Prototype Test: Test prototypes of manholes and boxes for 
compliance with SCTE 77. Strength tests shall be for specified tier ratings of products supplied. 

1. Strength tests of complete boxes and covers shall be by either an independent testing 
agency or manufacturer. A qualified registered professional engineer shall certify tests by 
manufacturer. 

2. Testing machine pressure gages shall have current calibration certification, complying 
with ISO 9000 and ISO 10012, and traceable to NIST standards. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. Notify 
Architect if there is a conflict between areas of excavation and existing structures or 
archaeological sites to remain. 

B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of ducts and duct banks, as determined by coordination with other 
utilities, underground obstructions, and surface features. Revise locations and elevations as 
required to suit field conditions and to ensure that duct runs drain to manholes and handholes, 
and as approved by Architect. 

C. Clear and grub vegetation to be removed, and protect vegetation to remain according to Section 
311000 "Site Clearing. Remove and stockpile topsoil for reapplication according to Section 
311000 "Site Clearing.” Coordinate all work with the architect and landscape contractor. 

3.2 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Feeders 600 V and Less: RNC, NEMA Type EPC-40-PVC, in direct-buried 
duct bank unless otherwise indicated. 

B. Ducts for Electrical Branch Circuits: RNC, NEMA Type EPC-40-PVC, in direct-buried duct bank 
unless otherwise indicated. 

C. Underground Ducts Crossing Paved Paths, Driveways and Roadways: RNC, NEMA Type EPC-
40-PVC, encased in reinforced concrete. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 
AASHTO HB 17, H-20 structural load rating. 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles: Precast concrete, AASHTO HB 17, H-20; 
Polymer concrete, SCTE 77, Tier 15 structural load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading 
by Vehicles: Precast concrete, AASHTO HB 17, H-10;  Polymer concrete units, SCTE 77, 
Tier 8 structural load rating. 

4. Units Subject to Light-Duty Pedestrian Traffic Only: structurally tested according to 
SCTE 77 with 3000-lbf vertical loading. 

5. Cover design load shall not exceed the design load of the handhole or box. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 31 20 00 "Earth Moving," but do not use heavy-duty, 
hydraulic-operated compaction equipment. 

B. Restore surface features at areas disturbed by excavation, and re-establish original grades 
unless otherwise indicated. Replace removed sod immediately after backfilling is completed. 
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C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching. Comply with Section 329200 "Turf and Grasses" and Section 329300 "Plants." 

D. Cut and patch existing pavement in the path of underground ducts and utility structures according 
to the "Cutting and Patching" Article in Section 017300 "Execution." 

3.5 DUCT INSTALLATION 

A. Install ducts according to NEMA TCB 2. 

B. Slope: Pitch ducts a minimum slope of 1:300 down toward handholes and away from buildings 
and equipment. 

C. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use 
manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and 
vertically, at other locations unless otherwise indicated. 

D. Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to 
manufacturer's written instructions. Stagger couplings so those of adjacent ducts do not lie in 
same plane. 

E. Installation Adjacent to High-Temperature Steam Lines: Where duct banks are installed parallel to 
underground steam lines, perform calculations showing the duct bank will not be subject to 
environmental temperatures above 40 deg C. Where environmental temperatures are calculated 
to rise above 40 deg C, and anywhere the duct bank crosses above an underground steam line, 
install insulation blankets listed for direct burial to isolate the duct bank from the steam line. 

F. Duct Entrances to Concrete and Polymer Concrete Handholes: Use end bells, spaced 
approximately 10 inches on center for 5-inch ducts, and vary proportionately for other duct sizes. 

1. Begin 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. 

2. Direct-Buried Duct Banks: Install an expansion and deflection fitting in each conduit in the 
area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting near 
the center of all straight line direct-buried duct banks with calculated expansion of more 
than 3/4 inch. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

G. Building Wall Penetrations: Make a transition from underground duct to rigid steel conduit at least 
10 feet outside the building wall, without reducing duct line slope away from the building, and 
without forming a trap in the line. Use fittings manufactured for duct-to-conduit transition. Install 
conduit penetrations of building walls as specified in Section 260544 "Sleeves and Sleeve Seals 
for Electrical Raceways and Cabling." 

H. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare 
ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig hydrostatic 
pressure. 

I. Pulling Cord: Install 100-lbf-test nylon cord in empty ducts. 

J. Concrete-Encased Ducts: Support ducts on duct separators. 
1. Excavate trench bottom to provide firm and uniform support for duct bank. Prepare 

trench bottoms as specified in Section 31 20 00 "Earth Moving" for pipes less than 6 
inches in nominal diameter. 

2. Width: Excavate trench 12 inches wider than duct bank on each side. 
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3. Depth: Install top of duct bank at least 36 inches below finished grade. 
4. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor 

temperature. 
5. Separator Installation: Space separators close enough to prevent sagging and deforming 

of ducts, with not less than four spacers per 20 feet of duct. Secure separators to earth 
and to ducts to prevent floating during concreting. Stagger separators approximately 6 
inches between tiers. Tie entire assembly together using fabric straps; do not use tie 
wires or reinforcing steel that may form conductive or magnetic loops around ducts or 
duct groups. 

6. Minimum Space between Ducts: 3 inches between ducts and exterior envelope wall. 
7. Elbows: Use manufactured duct elbows for stub-ups at poles and equipment, at building 

entrances through floor, and at changes of direction in duct run unless otherwise 
indicated. Extend concrete encasement throughout length of elbow. 

8. Reinforcement: Reinforce concrete-encased duct banks where they cross disturbed earth 
and where indicated. Arrange reinforcing rods and ties without forming conductive or 
magnetic loops around ducts or duct groups. 

9. Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting 
and concrete envelope can be poured without soil inclusions; otherwise, use forms. 

10. Concrete Cover: Install a minimum of 3 inches of concrete cover at top and bottom, and a 
minimum of 2 inches on each side of duct bank. 

11. Concreting Sequence: Pour each run of envelope between manholes or other 
terminations in one continuous operation. 

a. Start at one end and finish at the other, allowing for expansion and contraction of 
ducts as their temperature changes during and after the pour. Use expansion 
fittings installed according to manufacturer's written recommendations, or use 
other specific measures to prevent expansion-contraction damage. 

b. If more than one pour is necessary, terminate each pour in a vertical plane and 
install 3/4-inch reinforcing-rod dowels extending a minimum of 18 inches into 
concrete on both sides of joint near corners of envelope. 

12. Pouring Concrete: Comply with requirements in "Concrete Placement" Article in 
Section 033000 "Cast-in-Place Concrete." Place concrete carefully during pours to 
prevent voids under and between conduits and at exterior surface of envelope. Do not 
allow a heavy mass of concrete to fall directly onto ducts. Allow concrete to flow to center 
of bank and rise up in middle, uniformly filling all open spaces. Do not use power-driven 
agitating equipment unless specifically designed for duct-bank application. The minimum 
requirements are: 

a. 3/8” minimum aggregate 
b. Slump: 4-1/2” – 5” 
c. Strength: 3000 psi, in accordance to ASTM 039-44 
d. Electrical concrete envelope shall contain red dye at 8 lbs. per cubic yard of 

concrete. 

K. Direct-Buried Duct Banks: 

1. Excavate trench bottom to provide firm and uniform support for duct bank. Comply with 
requirements in Section 31 20 00 "Earth Moving" for preparation of trench bottoms for 
pipes less than 6 inches in nominal diameter. 

2. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor 
temperature. 

3. Space separators close enough to prevent sagging and deforming of ducts, with not less 
than four spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent 
displacement during backfill and yet permit linear duct movement due to expansion and 
contraction as temperature changes. Stagger spacers approximately 6 inches between 
tiers. 
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4. Depth: Install top of duct bank at least 36 inches below finished grade unless otherwise 
indicated. 

5. Set elevation of bottom of duct bank below frost line. 
6. Install ducts with a minimum of 3 inches between ducts for like services and 6 inches 

between power and signal ducts. 
7. Elbows: Install manufactured duct elbows for stub-ups at poles and equipment, at 

building entrances through floor, and at changes of direction in duct run unless otherwise 
indicated. Encase elbows for stub-up ducts throughout length of elbow. 

8. After installing first tier of ducts, backfill and compact. Start at tie-in point and work toward 
end of duct run, leaving ducts at end of run free to move with expansion and contraction 
as temperature changes during this process. Repeat procedure after placing each tier. 
After placing last tier, hand place backfill to 4 inches over ducts and hand tamp. Firmly 
tamp backfill around ducts to provide maximum supporting strength. Use hand tamper 
only. After placing controlled backfill over final tier, make final duct connections at end of 
run and complete backfilling with normal compaction. Comply with requirements in 
Section 31 20 00 "Earth Moving" for installation of backfill materials. 

a. Place minimum 3 inches of sand as a bed for duct bank. Place sand to a 
minimum of 6 inches above top level of duct bank. 

b. Place minimum 6 inches of engineered fill above concrete encasement of duct 
bank. 

L. Warning Tape: Bury warning tape approximately 12 inches above all concrete-encased ducts and 
duct banks. Align tape parallel to and within 3 inches of centerline of duct bank. Provide an 
additional warning tape for each 12-inch increment of duct-bank width over a nominal 18 inches. 
Space additional tapes 12 inches apart, horizontally. 

3.6 INSTALLATION OF HANDHOLES, AND BOXES 

A. Handhole Installation: 

1. Comply with ASTM C 891 unless otherwise indicated. 
2. Install units level and plumb and with orientation and depth coordinated with connecting 

ducts, to minimize bends and deflections required for proper entrances. 
3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 

graded from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent 
undisturbed earth. 

B. Elevations: 

1. Install handholes with bottom below frost line. 
2. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. 

Set covers of other handholes 1 inch above finished grade. 
3. Where indicated, cast handhole cover frame integrally with handhole structure. 

C. Waterproofing: Apply waterproofing to exterior surfaces of manholes after concrete has cured at 
least three days. After ducts have been connected and grouted, and before backfilling, waterproof 
joints and connections, and touch up abrasions and scars. Waterproof exterior of manhole 
chimneys after mortar has cured at least three days. 

D. Hardware: Install removable hardware, including pulling eyes, cable stanchions, cable arms and 
insulators as required for installation and support of cables and conductors and as indicated. 

E. Field-Installed Bolting Anchors in Concrete Handholes: Do not drill deeper than 2 inches for 
handholes, for anchor bolts installed in the field. Use a minimum of two anchors for each cable 
stanchion. 
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3.7 GROUNDING 

A. Ground underground ducts and utility structures according to Section 260526 "Grounding and 
Bonding for Electrical Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. Demonstrate capability and compliance with requirements on completion of installation of 
underground ducts and utility structures. 

2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and 
adequate bend radii, and test for out-of-round duct. Provide a minimum 6-inch-long 
mandrel equal to 80 percent fill of duct. If obstructions are indicated, remove obstructions 
and retest. 

3. Test handhole grounding to ensure electrical continuity of grounding and bonding 
connections. Measure and report ground resistance as specified in Section 260526 
"Grounding and Bonding for Electrical Systems." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

3.9 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts. 
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout 
ducts. 

END OF SECTION 26 05 43 
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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. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Twist-locking receptacles. 
3. Weather-resistant receptacles. 
4. Snap switches and wall-box dimmers. 
5. Solid-state fan speed controls. 
6. Wall-switches. 
7. Occupancy Sensors. 
8. Switch mounted Occupancy Sensors. 
9. Communications outlets. 
10. Pendant cord-connector devices. 
11. Cord and plug sets. 

1.3 DEFINITIONS 

A. EMI: Electromagnetic interference. 

B. GFCI: Ground-fault circuit interrupter. 

C. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

D. RFI: Radio-frequency interference. 

E. TVSS: Transient voltage surge suppressor. 

F. UTP: Unshielded twisted pair. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Receptacles for Owner-Furnished Equipment: Match plug configurations. 
2. Cord and Plug Sets: Match equipment requirements. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: List of legends and description of materials and process used for premarking wall 
plates. 

1.6 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 
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1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-
label warnings and instruction manuals that include labeling conditions. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to the following: 

1. Cooper Wiring Devices, Inc.; Division of Cooper Industries, Inc. 
2. Hubbell Incorporated; Wiring Device-Kellems. 
3. Leviton Manufacturing Co., Inc. 
4. Pass & Seymour/Legrand (Pass & Seymour). 

B. Source Limitations: Obtain each type of wiring device and associated wall plate from single 
source from single manufacturer. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

2.3 STRAIGHT-BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 Configuration 5-
20R, UL 498, and FS W-C-596. 

B. Convenience Duplex Receptacles with Combination USB Charger, 125V, 20A:  Comply with 
NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498 & UL 1310  

1. 20A duplex receptacle 
2. Dual USB charging ports 
3. USB Power Supply – 5V/DC 2.1A minimum 
4. Tamper Resistant 

2.4 GFCI RECEPTACLES 

A. General Description: 

1. Straight blade, non-feed-through type. 
2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596. 
3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A: 

2.5 TWIST-LOCKING RECEPTACLES 

A. Single Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 
Configuration L5-20R, and UL 498. 
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B. Isolated-Ground, Single Convenience Receptacles, 125 V, 20 A: 

1. Comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498. 
2. Equipment grounding contacts shall be connected only to the green grounding screw 

terminal of the device and with inherent electrical isolation from mounting strap. Isolation 
shall be integral to receptacle construction and not dependent on removable parts. 

2.6 PENDANT CORD-CONNECTOR DEVICES 

A. Description: 

1. Matching, locking-type plug and receptacle body connector. 
2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty grade, and FS W-C-596. 

Refer to plans for additional configuration requirements. 
3. Body: Nylon, with screw-open, cable-gripping jaws and provision for attaching external 

cable grip. 
4. External Cable Grip: Woven wire-mesh type made of high-strength, galvanized-steel wire 

strand, matched to cable diameter, and with attachment provision designed for 
corresponding connector. 

2.7 CORD AND PLUG SETS 

A. Description: 

1. Match voltage and current ratings and number of conductors to requirements of 
equipment being connected. 

2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with 
green-insulated grounding conductor and ampacity of at least 130 percent of the 
equipment rating. 

3. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for 
connection. 

2.8 TOGGLE SWITCHES 

A. Comply with NEMA WD 1, UL 20, and FS W-S-896. 

B. Switches, 120/277 V, 20 A: 

C. Pilot-Light Switches, 20 A: 

1. Description: Single pole, with neon-lighted handle, illuminated when switch is "off." 

D. Key-Operated Switches, 120/277 V, 20 A: 

1. Description: Single pole, with factory-supplied key in lieu of switch handle. 

E. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277 V, 20 A; for use 
with mechanically held lighting contactors. 

F. Key-Operated, Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277 V, 
20 A; for use with mechanically held lighting contactors, with factory-supplied key in lieu of switch 
handle. 
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2.9 OCCUPANCY SENSORS 

A. Manufacturers: Refer to plans for manufacturer and model numbers of occupancy sensors used 
for design.  Provide occupancy sensors equal to the devices specified on the plans. 

B. General Requirements for Sensors: Wall- or ceiling-mounted, solid-state indoor occupancy 
sensors with a separate power pack. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Operation: Unless otherwise indicated, turn lights on when coverage area is occupied, 
and turn them off when unoccupied; with a time delay for turning lights off, adjustable 
over a minimum range of 1 to 15 minutes. 

3. Sensor Output: Contacts rated to operate the connected relay, complying with UL 773A. 
Sensor is powered from the power pack. 

4. Power Pack: Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A 
tungsten at 120-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc, 150-mA, Class 2 
power source, as defined by NFPA 70. 

5. Mounting: 

a. Sensor: Suitable for mounting in any position on a standard outlet box. 
b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical 

enclosure. 
c. Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged 

door. 

6. Indicator: Digital display, to show when motion is detected during testing and normal 
operation of sensor. 

7. Bypass Switch: Override the "on" function in case of sensor failure. 
8. Automatic Light-Level Sensor: Adjustable from 2 to 200 fc; turn lights off when selected 

lighting level is present. 

C. PIR Type: Ceiling mounted; detect occupants in coverage area by their heat and movement. 

1. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any portion of a 
human body that presents a target of not less than 36 sq. in. 

2. Detection Coverage (Room): Detect occupancy anywhere in a circular area of 1000 sq. 
ft. when mounted on a 96-inch-high ceiling. 

3. Detection Coverage (Corridor): Detect occupancy within 90 feet when mounted on a 10-
foot-high ceiling. 

D. Ultrasonic Type: Ceiling mounted; detect occupants in coverage area through pattern changes of 
reflected ultrasonic energy. 

1. Detector Sensitivity: Detect a person of average size and weight moving not less than 12 
inches in either a horizontal or a vertical manner at an approximate speed of 12 inches/s. 

2. Detection Coverage (Small Room): Detect occupancy anywhere within a circular area 
of 600 sq. ft. when mounted on a 96-inch-high ceiling. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area 
of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

4. Detection Coverage (Large Room): Detect occupancy anywhere within a circular area 
of 2000 sq. ft. when mounted on a 96-inch-high ceiling. 

5. Detection Coverage (Corridor): Detect occupancy anywhere within 90 feet when mounted 
on a 10-foot-high ceiling in a corridor not wider than 14 feet. 
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E. Dual-Technology Type: Ceiling mounted; detect occupants in coverage area using PIR and 
ultrasonic detection methods. The particular technology or combination of technologies that 
control on-off functions is selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment: Separate for each sensing technology. 
2. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any portion of a 

human body that presents a target of not less than 36 sq. in., and detect a person of 
average size and weight moving not less than 12 inches in either a horizontal or a vertical 
manner at an approximate speed of 12 inches/s. 

3. Detection Coverage (Standard Room): Detect occupancy anywhere within a circular area 
of 1000 sq. ft. when mounted on a 96-inch-high ceiling. 

2.10 SWITCHBOX-MOUNTED OCCUPANCY SENSORS 

A. Manufacturers: Refer to plans for manufacturer and model numbers of occupancy sensors used 
for design.  Provide occupancy sensors equal to the devices specified on the plans. 

B. General Requirements for Sensors: Automatic-wall-switch occupancy sensor, suitable for 
mounting in a single gang switchbox. 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and application. 

2. Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F. 
3. Switch Rating: Not less than 800-VA fluorescent at 120 V, 1200-VA fluorescent at 277 V, 

and 800-W incandescent. 

C. Wall-Switch Sensor: 

1. Standard Range: 180-degree field of view, field adjustable from 180 to 40 degrees; with a 
minimum coverage area of 900 sq. ft. 

2. Sensing Technology: PIR. 
3. Switch Type: Single- or dual-pole as indicated on the plans with field selectable automatic 

"on," or manual "on" automatic "off." 
4. Voltage: Dual voltage, 120 and 277 V. 
5. Ambient-Light Override: Concealed, field-adjustable, light-level sensor from 10 to 150 fc. 

The switch prevents the lights from turning on when the light level is higher than the set 
point of the sensor. 

6. Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes. 
7. Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of 

the space and helps eliminate false "off" switching. 

2.11 WALL-BOX DIMMERS 

A. Dimmer Switches: Modular, full-wave, solid-state units with integral, quiet on-off switches, with 
audible frequency and EMI/RFI suppression filters. 

B. Control: Continuously adjustable slider with toggle switch; with single-pole, three- or four-way 
switching. Comply with UL 1472. 

C. Fluorescent Lamp Dimmer Switches: Modular; compatible with dimmer ballasts; trim 
potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent 
dimming with low end not greater than 20 percent of full brightness. 

2.12 WALL PLATES 

A. Single and combination types shall match corresponding wiring devices. 
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1. Plate-Securing Screws: Metal with head color to match plate finish. 
2. Material for Finished Spaces: Smooth, high-impact nylon. 
3. Material for Unfinished Spaces: Galvanized steel. 
4. Material for Damp Locations: Thermoplastic spring-loaded lift cover, and listed and 

labeled for continuous use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-
resistant, die-cast aluminum with lockable cover and rated for continuous use. 

2.13 FINISHES 

A. Device Color: 

1. Wiring Devices Connected to Normal Power System: As selected by Architect unless 
otherwise indicated or required by NFPA 70 or device listing. 

B. Wall Plate Color: For nylon covers, match device color. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 
indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device 
boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, 
paint, and other material that may contaminate the raceway system, conductors, and 
cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint 
unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated on 
devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 
scoring or nicking of solid wire or cutting strands from stranded wire. 

3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 
Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted, provided the outlet box is large 

enough. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that were 
installed before building finishing operations were complete. 
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2. Keep each wiring device in its package or otherwise protected until it is time to connect 
conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until the last 
possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length. 
5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 

conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw. 
6. Use a torque screwdriver when a torque is recommended or required by manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 
8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 
receptacles to the left. 

2. Install hospital-grade receptacles in patient-care areas with the ground pin or neutral 
blade at the top. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet 
boxes when standard device plates do not fit flush or do not cover rough wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers according to 

manufacturers' device listing conditions in the written instructions. 

H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 
and with grounding terminal of receptacles on top. Group adjacent switches under single, 
multigang wall plates. 

I. Adjust locations of service poles to suit arrangement of partitions and furnishings. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
not required. 

3.3 SENSOR INSTALLATION 

A. Coordinate layout and installation of ceiling-mounted devices with other construction that 
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke 
detectors, fire-suppression systems, and partition assemblies. 

B. It shall be the contractor's responsibility to locate and aim sensors in the correct location required 
for complete and proper volumetric coverage within the range of coverage(s) of controlled areas 
per the manufacturer's recommendations. Rooms shall have ninety (90) to one hundred (100) 
percent coverage to completely cover the controlled area to accommodate all occupancy habits 
of single or multiple occupants at any location within the room(s). The locations and quantities of 
sensors shown on the drawings are diagrammatic and indicate only the rooms which are to be 
provided with sensors. The contractor shall provide additional sensors if required to properly and 
completely cover the respective room. 
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C. Provide the correct quantity of Power Packs for the switching shown on the plans.  Power Packs 
are not shown on the plans. 

3.4 IDENTIFICATION 

A. Comply with Section 260553 "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 
engraved machine printing with black-filled lettering on face of plate, and durable wire markers or 
tags inside outlet boxes.  Provide labeling for light switches on the inside of the wall plate. 

3.5 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test Instruments: Use instruments that comply with UL 1436. 
2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout 

or illuminated digital-display indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 
3. Ground Impedance: Values of up to 2 ohms are acceptable. 
4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 

breaker, poor connections, inadequate fault current path, defective devices, or similar 
problems. Correct circuit conditions, remove malfunctioning units and replace with new 
ones, and retest as specified above. 

C. Test straight-blade convenience outlets in patient-care areas and hospital-grade convenience 
outlets for the retention force of the grounding blade according to NFPA 99. Retention force shall 
be not less than 4 oz. 

D. Wiring device will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

END OF SECTION 26 27 26 
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SECTION 26 56 17 - EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. All drawings and general provisions of the Contract, including General and Supplementary 
Conditions; lighting, architectural and landscape drawings; and Division 01 Specification 
Sections, apply to this Section. 

B. All lighting fixtures specified as addenda in drawings or missives by the architect, engineer, or 
MSU. 

1.2 SUMMARY 

A. Section Includes all exterior fixtures including but not limited to: 

1. Exterior fluorescent lamps and ballasts. 
2. Exterior solid-state luminaires that are designed for and exclusively use LED lamp 

technology. 
3. Exterior HID luminaires, lamps, and ballasts. 
4. Quartz lighting controllers 
5. Luminaire-mounted photoelectric relays. 
6. Pole and pole base installation. 
7. Ground mounted fixtures.  
8. Building mounted fixtures. 
9. Fixtures mounted in or on exterior surfaces, monuments, statues or spires. 

B. Related Requirements: 

1. Refer to Lighting Fixture Schedule on the plans. 
2. Section 260923 "Lighting Control Devices". 
3. Section 262726 “Wiring Devices”. 

1.3 DEFINITIONS 

A. BIM: Building information model. 

B. CAD: Computer-aided design. 

C. CCT: Correlated color temperature. 

D. CRI: Color Rendering Index. 

E. Fixture: See "Luminaire." 

F. IP: International Protection or Ingress Protection Rating 

G. HID: High-intensity discharge. 

H. LED: Light-emitting diode. 

I. Lumen: Measured output of lamp and luminaire, or both. 

J. Luminaire: Complete lighting unit, including lamp, reflector, and housing. 
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K. Pole: Luminaire support structure, including tower used for large-area illumination. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of luminaire. 

1. Arrange in order of luminaire designation. 
2. Include data on features, accessories, and finishes. 
3. Include physical description and dimensions of the luminaires. 
4. Ballast, including BF. 
5. Lamps, including life, output (lumens, CCT, and CRI), and energy-efficiency data. 
6. Photometric data and adjustment factors based on laboratory tests, complying with IES 

"Lighting Measurements Testing and Calculation Guides," of each luminaire type. The 
adjustment factors shall be for lamps, ballasts, and accessories identical to those 
indicated for the luminaire as applied in this Project. 

a. Manufacturers' Certified Data: Photometric data certified by manufacturer's 
laboratory with a current accreditation under the NVLAP for Energy Efficient 
Lighting Products. 

b. Testing Agency Certified Data: For indicated luminaires, photometric data 
certified by a qualified independent testing agency. Photometric data for 
remaining luminaires shall be certified by manufacturer. 

7. Photoelectric relays. 
8. Means of attaching luminaires to supports and indication that the attachment is suitable 

for components involved. 
9. Point-by-point illuminance model of all exterior spaces. 

B. Shop Drawings: For nonstandard or custom luminaires. 

1. Include plans, elevations, sections, and mounting and attachment details. 
2. Include details of luminaire assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Include diagrams for power, signal, and control wiring. 

C. Product Schedule: For luminaires and lamps.  Use same designations indicated on Drawings. 

D. Shop drawings for routing of all underground and above ground conduits; conduit sizes; 
conductor types; conductor quantity; and voltage drop calculations complying with NEC 
recommendations.  

1. Include conduit connections for all fixtures shown and otherwise indicated in the 
architectural, lighting and landscape drawings. 

2. Include location, size and type of hand-holes and in-ground j-boxes required for the 
installation. All exterior J-boxes used in earth, concrete or asphalt shall be traffic rated. 
These boxes shall be installed so that the top surface is at, or above grade with grade 
sloped up to them. Boxes should be installed so that they are not in a drain channel or 
“low spot.” 

3. Point-by-point illuminance model of all exterior spaces. 

E. Structural engineer’s sealed pole base design drawing: 

1. Include details for fixture mounting. 

2. Include mounting details for accoutrements required by the architectural and landscape 
drawings.  
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3. Include details for minimum 1” schedule 40 PVC conduit entering and leaving pole base.  
Conduit quantity based on the requirements as shown or otherwise indicated on the 
drawings to circuit the fixtures. 

4. Include details for each configuration of pole base required for the installation. 

5. Include details for ¾” chamfer all sides or as required by the architect.  

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing laboratory providing photometric data for luminaires. 

B. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

C. Product Certificates: For each type of the following: 

1. Ballast for bi-level and dimmable luminaires. 
2. Lamp. 
3. Photoelectric relay. 

D. Product Test Reports: For each luminaire, for tests performed by manufacturer or qualified testing 
agency. 

E. Sample warranty. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For luminaires and photoelectric relay to include in operation 
and maintenance manuals. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Lamps: Ten for every 100 of each type and rating installed. Furnish at least one of each 
type. 

2. Glass, Acrylic, and Plastic Lenses, Covers, and Other Optical Parts: One for every 100 of 
each type and rating installed. Furnish at least one of each type. 

3. Diffusers and Lenses: One for every 100 of each type and rating installed. Furnish at 
least one of each type. 

4. Globes and Guards: One for every 20 of each type and rating installed. Furnish at least 
one of each type. 

5. Ballasts: One for every 100 of each type and rating installed. Furnish at least one of each 
type. 

1.8 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire manufacturers' 
laboratory accredited under the NVLAP for Energy Efficient Lighting Products. 

B. Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent 
agency, with the experience and capability to conduct the testing indicated, that is an NRTL as 
defined by OSHA in 29 CFR 1910.7, accredited under the NVLAP for Energy Efficient Lighting 
Products and complying with applicable IES testing standards. 
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C. Installer Qualifications: An authorized representative who is trained and approved by 
manufacturer. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Protect finishes of exposed surfaces by applying a strippable, temporary protective covering prior 
to shipping. 

1.10 FIELD CONDITIONS 

A. Verify existing and proposed utility structures prior to the start of work associated with luminaire 
installation. 

B. Mark locations of exterior luminaires for approval by Architect prior to the start of luminaire 
installation. 

1.11 WARRANTY 

A. Warranty: Manufacturer and Installer agree to repair or replace components of luminaires that fail 
in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Structural failures, including luminaire support components. 
b. Faulty operation of luminaires, ballasts, and accessories. 
c. Deterioration of metals, metal finishes, and other materials beyond normal 

weathering. 

2. Warranty Period: Two years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 LUMINAIRE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. NRTL Compliance: Luminaires shall comply with UL 1598 and be listed and labeled for indicated 
class and division of hazard by an NRTL. 

C. FM Global Compliance: Luminaires for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

D. UL Compliance: Comply with UL 1598 and listed for wet location. 

E. Lamp base complying with ANSI C81.61. 

F. Bulb shape complying with ANSI C79.1. 

G. Nominal Operating Voltage: Refer to Lighting Fixture Schedule on the plans. 

H. Lamp Rating: Lamp marked for outdoor use and in enclosed locations. 
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2.2 FLUORESCENT LAMPS 

A. T8 rapid-start lamps, rated 32-W maximum, nominal length of 48 inches, 2800 initial lumens 
(minimum), CRI of 85 (minimum), color temperature of 3500K, and average rated life of 20,000 
hours unless otherwise indicated. 

B. T8 rapid-start lamps, rated 17-W maximum, nominal length of 24 inches, 1300 initial lumens 
(minimum), CRI of 85 (minimum), color temperature of 3500K, and average rated life of 20,000 
hours unless otherwise indicated. 

C. Compact Fluorescent Lamps: Four-pin, CRI of 85 (minimum), color temperature of 3500K, 
average rated life of 10,000 hours at three hours of operation per start, and/or suitable for use 
with dimming ballasts unless otherwise indicated. 

1. 13 W: T4, double or triple tube, rated 900 initial lumens (minimum). 
2. 18 W: T4, double or triple tube, rated 1200 initial lumens (minimum). 
3. 26 W: T4, double or triple tube, rated 1800 initial lumens (minimum). 
4. 32 W: T4, triple tube, rated 2400 initial lumens (minimum). 
5. 42 W: T4, triple tube, rated 3200 initial lumens (minimum). 
6. 57 W: T4, triple tube, rated 4300 initial lumens (minimum). 
7. 70 W: T4, triple tube, rated 5200 initial lumens (minimum). 

2.3 BALLASTS FOR FLUORESCENT LAMPS 

A. General Requirements for Electronic Ballasts: 

1. Comply with UL 935 and with ANSI C82.11. 
2. Designed for type and quantity of lamps served. 
3. Ballasts shall be designed for full light output unless another BF, dimmer, or bi-level 

control is indicated. 
4. Sound Rating: Class A. 
5. THD Rating: Less than 10 percent. 
6. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, Category A or better. 
7. Operating Frequency: 42kHz or higher. 
8. Lamp Current Crest Factor: 1.7 or less. 
9. BF: 0.8 or higher. 
10. Power Factor: 0.95 or higher. 

B. Electronic Programmed-Start Ballasts for T5, T8 and T5HO Lamps: Comply with ANSI C82.11 
and the following: 

1. Lamp end-of-life detection and shutdown circuit for T5 diameter lamps. 
2. Automatic lamp starting after lamp replacement. 

C. Ballasts for Low-Temperature Environments: 

1. Temperatures 0 Deg F and Higher: Electronic type rated for 0 Deg F starting and 
operating temperature with indicated lamp types. 

2. Temperatures minus 20 Deg F and Higher: Electromagnetic type designed for use with 
indicated lamp types. 

3. Control: Coordinate wiring from ballast to control device to ensure that ballast, controller, 
and connecting wiring are compatible. 

2.4 LED LAMPS AND DRIVER 

A. CRI of minimum 80. CCT of 3500K. 
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B. L70 lamp life of 50,000 hours. 

C. Lamps dimmable from 100 percent to 0 percent of maximum light output. 

D. Internal driver. 

E. Nominal Operating Voltage: Refer to Lighting Fixture Schedule on the plans. 

F. Lamp Rating: Lamp marked for outdoor use and in enclosed locations. 

2.5 BALLASTS FOR HID LAMPS 

A. Electronic Ballast for Metal-Halide Lamps: Include the following features unless otherwise 
indicated: 

1. Minimum Starting Temperature: Minus 20 deg F for single-lamp ballasts. 
2. Rated Ambient Operating Temperature: 130 deg F. 
3. Lamp end-of-life detection and shutdown circuit. 
4. Sound Rating: Class A. 
5. Total Harmonic Distortion Rating: Less than 20 percent. 
6. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2, Category A or better. 
7. Lamp Current Crest Factor: 1.5 or less. 
8. Power Factor: 0.90 or higher. 
9. Interference: Comply with 47 CFR 18, Ch. 1, Subpart C, for limitations on 

electromagnetic and radio-frequency interference for nonconsumer equipment. 
10. Protection: Class P thermal cutout. 
11. Instant-Restrike Device: Integral with ballast or solid-state potted module, factory installed 

within luminaire and compatible with lamps, ballasts, and mogul sockets up to 150 W. 
12. Minimum Starting Temperature: Minus 40 deg F. 

2.6 HID LAMPS 

A. High-Pressure Sodium Lamps: ANSI C78.42, with CRI 21, CCT 1900K, and average rated life of 
24,000 hours, minimum. 

1. Dual-Arc Tube Lamps: Arranged so only one of two arc tubes is lighted at one time and, 
when power is restored after an outage, the cooler arc tube, with lower internal pressure, 
lights instantly, providing an immediate 8 to 15 percent of normal light output. 

B. Metal-Halide Lamps: ANSI C78.43, with CRI 65 and CCT 4000K, minimum. 

C. Pulse-Start Metal-Halide Lamps: CRI 65 and CCT 4000K, minimum. 

D. Ceramic Pulse-Start Metal-Halide Lamps: CRI 80 and CCT 4000K, minimum. 

2.7 QUARTZ LAMP-LIGHTING CONTROLLER 

A. General Requirements for Controllers: Factory installed by luminaire manufacturer. Comply with 
UL 1598. 

B. Standby (Quartz Restrike): Automatically switches quartz lamp on when an HID lamp in the 
luminaire is initially energized and during the HID lamp restrike period after brief power outages. 

C. Connections: Designed for a single branch-circuit connection. 
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D. Switching Off: Automatically switches quartz lamp off when HID lamp reaches approximately 60 
percent light output. 

2.8 LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS 

A. Comply with UL 773 or UL 773A. 

B. Contact Relays: Factory mounted, single throw, designed to fail in the on position, and factory set 
to turn light unit on at 1.5 to 3 fc and off at 4.5 to 10 fc with 15-second minimum time delay.  
Relay shall have directional lens in front of photocell to prevent artificial light sources from 
causing false turnoff. 

1. Relay with locking-type receptacle shall comply with ANSI C136.10. 
2. Adjustable window slide for adjusting on-off set points. 

2.9 MATERIALS 

A. Metal Parts: Free of burrs and sharp corners and edges. 

B. Sheet Metal Components: Refer to Lighting Fixture Schedule on the plans. 

C. Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under 
operating conditions, and designed to permit relamping without use of tools. Designed to prevent 
doors, frames, lenses, diffusers, and other components from falling accidentally during relamping 
and when secured in operating position. Doors shall be removable for cleaning or replacing 
lenses. Ballast shall automatically disconnect when door opens. 

D. Diffusers and Globes:  Refer to Lighting Fixture Schedule on the plans. 

E. Housings: 

1. Rigidly formed, weather- and light-tight enclosure that will not warp, sag, or deform in 
use. 

2. Provide filter/breather for enclosed luminaires. 

F. Factory-Applied Labels: Comply with UL 1598. Include recommended lamps. Labels shall be 
located where they will be readily visible to service personnel, but not seen from normal viewing 
angles when lamps are in place. 

1. Label shall include the following lamp characteristics: 

a. "USE ONLY," including specific lamp type. 
b. Lamp diameter, shape, size, wattage, and coating. 
c. CCT and CRI for all luminaires. 

2.10 LUMINAIRE SUPPORT COMPONENTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
channel and angle iron supports and nonmetallic channel and angle supports. 

B. Single-Stem Hangers: 1/2-inch  steel tubing with swivel ball fittings and ceiling canopy. Finish 
shall match luminaire. 

C. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage. 

D. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work. 

B. Examine roughing-in for luminaire electrical conduit to verify actual locations of conduit 
connections before luminaire installation. 

C. Examine poles, luminaire-mounting devices and pole accessories before installation. 
Components that are scratched, dented, marred, wet, moisture damaged, or visibly damaged are 
considered defective. 

D. Examine walls, roofs, canopy ceilings and overhang ceilings for suitable conditions where 
luminaires will be installed. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 TEMPORARY LIGHTING 

A. If approved by the Architect, use selected permanent luminaires for temporary lighting. When 
construction is sufficiently complete, clean luminaires used for temporary lighting and install new 
lamps. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Comply with NECA 1. 

B. Install lamps in each luminaire. 

C. Fasten luminaire to structural support. 

D. Supports: 

1. Sized and rated for luminaire weight. 
2. Able to maintain luminaire position after cleaning and relamping. 
3. Support luminaires without causing deflection of finished surface. 
4. Luminaire-mounting devices shall be capable of supporting a horizontal force of 100 

percent of luminaire weight and a vertical force of 400 percent of luminaire weight. 

E. Wall-Mounted Luminaire Support: 

1. Attached to structural members in walls. 

F. Wiring Method: Install cables in raceways. Conceal raceways and cables. 

G. Install luminaires level, plumb, and square with finished grade unless otherwise indicated. 

H. Install luminaires at height and aiming angle as indicated on Drawings. 

I. Coordinate layout and installation of luminaires with other construction. 

J. Adjust luminaires that require field adjustment or aiming. Include adjustment of photoelectric 
device to prevent false operation of relay by artificial light sources, favoring a north orientation. 
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K. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" and 260533 "Raceways and Boxes for Electrical Systems" for wiring connections and 
wiring methods. 

3.4 BOLLARD LUMINAIRE INSTALLATION 

A. Align units for optimum directional alignment of light distribution. 

1. Install on concrete base with top 4 inches above finished grade or surface at luminaire 
location. Cast conduit into base, and shape base to match shape of bollard base. Finish 
by troweling and rubbing smooth. Concrete materials, installation, and finishing are 
specified in other sections. 

3.5 INSTALLATION OF INDIVIDUAL GROUND-MOUNTED LUMINAIRES 

A. Install on concrete base with top 4 inches above finished grade or surface at luminaire location. 
Cast conduit into base, and finish by troweling and rubbing smooth. Concrete materials, 
installation, and finishing are specified in other sections. 

3.6 POLE FOUNDATION 

A. Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base flange. Structural 
steel complying with ASTM A 36/A 36M and hot-dip galvanized according to ASTM A 123/A 123 
M; and with top-plate and mounting bolts to match pole-base flange and strength required to 
support pole, luminaire, and accessories. Concrete, reinforcement, and formwork are specified in 
other sections.   

B. Coordinate with architect for exact pole fixture and pole base requirements. Provide and install 
pole base to meet pole manufacturer and architect requirements. 

C. Provide pole base drawings sealed by a professional engineer currently registered in the State of 
Texas in structural engineering.  

D. Provide and install pole base per engineer’s drawings and architect’s requirements. 

3.7 POLE INSTALLATION 

A. Alignment: Align poles as indicated. 

B. Clearances: Maintain the following minimum horizontal distances of poles from surface and 
underground features unless otherwise indicated on drawing. 

1. Fire Hydrants and Water Piping: 60 inches. 
2. Water, Gas, Electric, Communications, and Sewer Lines: 10 feet. 
3. Trees: 15 feet from tree trunk. 

C. Concrete Pole Foundations: Set anchor bolts according to anchor-bolt templates furnished by 
pole manufacturer. Concrete materials, installation, and finishing requirements are specified in 
other sections. 

D. Foundation-Mounted Poles: Mount pole with leveling nuts and tighten top nuts to torque level 
according to pole manufacturer's written instructions. 

1. Use anchor bolts and nuts selected to resist seismic forces defined for the application 
and approved by manufacturer. 
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2. Grout void between pole base and foundation. Use nonshrink or expanding concrete 
grout firmly packed to fill space. 

3. Install base covers unless otherwise indicated. 

4. Use a short piece of 1/2 –inch diameter pipe to make a drain hole through grout. Arrange 
to drain condensation from interior of pole. 

E. Raise and set pole using web fabric slings (not chain or cable) at locations indicated by 
manufacturer. 

3.8 GROUNDING 

A. Ground Metal Poles and Support Structures: Comply with requirements in Section 260526 
"Grounding and Bonding for Electrical Systems." 

1. Install grounding electrode for each pole unless otherwise indicated. 
2. Install grounding conductor pigtail in the base for connecting luminaire to grounding 

system. 

B. Ground Nonmetallic Poles and Support Structures: Comply with requirements in Section 260526 
"Grounding and Bonding for Electrical Systems." 

1. Install grounding electrode for each pole. 
2. Install grounding conductor and conductor protector. 
3. Ground metallic components of pole accessories and foundation. 

3.9 CORROSION PREVENTION 

A. Aluminum: Do not use in contact with earth or concrete. When in direct contact with a dissimilar 
metal, protect aluminum by insulating fittings or treatment. 

B. Steel Conduits: Comply with Section 260533 "Raceways and Boxes for Electrical Systems." In 
concrete foundations, wrap conduit with 0.010-inch-thick, pipe-wrapping plastic tape applied with 
a 50 percent overlap. 

3.10 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 
identification specified in Section 260553 "Identification for Electrical Systems." 

3.11 FIELD QUALITY CONTROL 

A. Inspect each installed luminaire for damage. Replace damaged luminaires and components. 

B. Perform the following tests and inspections: 

1. Operational Test: After installing luminaires, switches, and accessories, and after 
electrical circuitry has been energized, test units to confirm proper operation. 

2. Verify operation of photoelectric controls. 

C. Luminaire will be considered defective if it does not pass tests and inspections. 

D. Prepare a written report of tests, inspections, observations, and verifications indicating and 
interpreting results. If adjustments are made to lighting system, retest to demonstrate compliance 
with standards. 
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3.12 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaires and photocell 
relays. 

3.13 STARTUP SERVICE 

A. Burn-in all lamps that require specific aging period to operate properly, prior to occupancy by 
Owner.  Burn-in fluorescent and compact fluorescent lamps intended to be dimmed, for at least 
100 hours at full voltage. 

END OF SECTION 26 56 17 

JULY 2016


	Addendum Two RFP 
	Tx-MSU_2016-07-18_Add 2 BP 1 - Narrative
	Tx-MSU_2016-07-18_Add 2 BP 1 - Specifications
	26 01 00_MEP_GENERAL REQUIREMENTS FOR ELECTRICAL WORK 1
	26 05 19_MEP_LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 1
	26 05 26_MEP_GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 1
	26 05 43_MEP_UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 1
	26 27 26_MEP_WIRING DEVICES 1
	26 56 17_MEP_EXTERIOR LIGHTING 1


