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SECTION 260500 COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1 SUMMARY

A. Related Documents:
1. Drawings and general provisions of the Subcontract apply to this Section.
2. Review these documents for coordination with additional requirements and information 

that apply to work under this Section.

B. Section Includes:
1. The Subcontractor shall furnish services, skilled and common labor, and apparatus and 

materials required for the complete installation as shown and within the intent of the 
drawings and these Specifications.

2. Work includes, but not limited to, the following and shall be completed in accordance with 
the project construction drawings and specifications:
a. Installation of transformer, and cable/conduit from the existing service and to the 

electrical room of the new addition.
b. Installation of all lighting, devices, wiring, conduit, disconnects, distribution, etc. in 

the new addition, including supply to all HVAC and mechanical equipment.
c. Removal/relocation of existing feeds to window air conditioners and existing fan coil 

units, to supply new fan coil units with integral compressors.
d. Relocation and/or addition of power and lighting to renovated sections of the existing 

building.
e. Installation of additional devices and circuits to renovated labs and classrooms.

C. Related Sections:
1. This section applies to Division 26 Sections.

1.2 REFERENCES  

A. General:
1. The following documents form part of the Specifications to the extent stated. Where 

differences exist between codes and standards, the one affording the greatest protection 
shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of 
commencement of the Work.

B. ANSI/NFPA 70 - National Electrical Code.

C. ANSI - American National Standards Institute 

D. Illuminating Engineering Society of North America (IES)

E. National Electrical Safety Code (NESC)

F. NFPA 70E- Standard for Electrical Safety in the Workplace
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G. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 
Systems, latest edition.

1.3 SUBMITTALS

A. Shop Drawings: The Subcontractor shall submit for approval Shop Drawings prepared in 
accordance with Drawings and sections of the Specifications.

1.4 QUALITY ASSURANCE

A. If the Drawings or Specifications may not appear clear or definite, the Subcontractor shall request 
the Project Manager through ‘Request for Information’ (RFI) process for an interpretation and 
decision of same, and shall have such questions decided before proceeding with the Work.

B. Manufacturer's Directions: Follow manufacturer's directions covering points not shown on the 
drawings or specified herein.  Manufacturer's directions do not take precedence over drawings 
and Specifications. Where these are in conflict with the Drawings and Specifications, notify the 
Project Manager for clarification before installing the work.

C. Protection of Equipment:  
1. Care shall be exercised during construction to avoid damage or disfigurement.  Equipment 

shall be protected from dust and moisture prior to and during construction.  The 
Subcontractor is cautioned that concrete finishing, painting, etc. in electrical rooms shall not 
proceed if unprotected equipment is installed.

2. Where required or directed, construct temporary protection for equipment and installations 
so as to protect same from dust and debris caused by construction.

3. All protection shall be substantially constructed with the use of clean canvas, heavy plastic, 
and/or plywood as required, and made rain tight and/or dust resistant as directed or 
appropriate for conditions.

4. The Subcontractor shall repair by spray or brush painting, after properly preparing the 
surface, scratches or defects in the finish of the equipment.  Only identical paint furnished 
by the equipment manufacturer shall be used for such purposes.

5. Failure of the Subcontractor to protect the equipment as outlined herein shall be grounds 
for rejection of the equipment and its installation.

D. Removed Equipment and Material: Coordinate removal of the materials and debris with the 
project construction officer - Owner owned Materials to be turned over to District.

E. Shutdown: Provide request to the owner representative to shut down the power to any 
equipment to be removed. The request shall be submitted not less than 5 working days before 
scheduled work.
The power shall not be shut down to any equipment for which the approval was not obtained. 

F. Cleaning:  All material shall be protected from dust and the construction debris. All material shall 
be cleaned before installation in accordance with manufacturer specification. Clean area of work 
after every working shift. 

G. Qualifications and License Requirements:
1. Prime, Sub, or Sub-Sub contractor performing electrical construction work on the project 

shall be Licensed in the state of Pennsylvania.
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2. Subcontractor performing electrical construction work shall provide details of the project 
experience addresses and references with names and phone numbers.

3. Certified electricians shall have evidence of certification in their possession at all times.  
Non-certified personnel shall perform electrical work under the continuous supervision of a 
certified electrician.

H. Materials and Equipment: Materials and equipment shall be new.  Materials and equipment for 
which tests have been established by Underwriter's Laboratories, Inc. shall be approved by that 
body and shall bear its label of approval or the label of an OSHA approved nationally recognized 
testing laboratory [NRTL].
1. All equipment shall comply with requirements of the applicable Underwriter's Laboratories, 

Inc. standards.
2. The materials to be furnished under this Specification shall be the standard products of 

manufacturers regularly engaged in the production of such equipment equal to or superior 
to material specified, and shall be the manufacturer's latest standard design that complies 
with the Specification requirements.

I. Approval of Materials:
1. A complete list of materials and equipment proposed shall be submitted to the Project 

Manager for approval.  The list shall include for each item:  the manufacturer, the 
manufacturer's catalog number, type or class, the rating, capacity, size, etc.

2. The Subcontractor shall submit a brochure containing catalog cuts or drawings and data for 
every all equipment installed under this project.

3. Before installation of the equipment, the Subcontractor shall submit for approval detailed 
construction drawings for each item of fabricated equipment required for the electrical 
installation.   Drawings shall be to scale and fully dimensioned and shall provide sufficient 
detail to clearly indicate the arrangement of equipment and its components.

4. Installation of approved substituted equipment is the Subcontractor's responsibility, and 
changes required to work included under other divisions for installations of approved 
substituted equipment must be made to the satisfaction of the Architect-Engineer and 
without change in contract price.  Approval by the Architect-Engineer of substituted 
equipment and/or dimension drawings does not waive these requirements.

1.5 EXISTING CONDITIONS

A. The Subcontractor shall examine the site and become familiar with conditions that may affect the 
work covered by this division of the Specifications in order to obtain a conclusive bid.  Failure to do 
so shall not lessen the subcontractor's responsibility or entitle him to additional compensation for 
work not included in the bid.

B. The electrical prime, sub or sub-sub contractor shall list separately in the bid quote exceptions 
taken from the construction documents and specifications. If none are specified in the bid quote, it 
shall be understood that the prime, sub or sub-sub contractor shall comply with the requirements 
of the construction documents and specifications in their entirety.

1.6 MAINTENANCE

A. Maintenance and Operating Instructions:  
1. At time of occupancy, arrange for manufacturer's representatives to instruct building, 

operating and maintenance personnel in the use of equipment requiring operating and 
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maintenance.  Arrange for personnel to be instructed at one time.  Pay the costs for such 
service.

2. Maintenance and Operation manuals and operating instructions shall be provided training 
agenda a minimum 5 days before training. 

PART 2 - PRODUCTS

2.1 GENERAL

A. In addition to material and equipment specified, the Subcontractor shall also provide incidental 
materials required to effect a complete installation.  Such incidental materials include solders, 
tapes, caulking, mastics, gaskets and similar items that are approved for the purpose.

B. Materials and equipment shall be uniform throughout the installation.  Equipment of the same 
type shall be of the same manufacturer.  Materials and equipment shall be new. Materials and 
equipment for which tests have been established by the Underwriter's Laboratories, Inc. shall bare 
a UL label. 

PART 3 - EXECUTION

3.1 TESTS

A. Upon completion of the electrical construction work, perform tests and provide test reports as 
specified in this and other sections.  Testing will include, but not limited, to:
1. Verify no circuit is grounded or contains a short circuit
2. All devices work smoothly and operate the equipment shown on the plans.
3. No removable or openable cover is restricted by any other equipment whether electrical or 

installed under a different contract.
4. All connections are tight and are not causing a high resistance connection.

B. Tests of equipment shall be made in accordance with the manufacturer recommendations. The 
application or interruption of power shall be programmed and directed by the Project Manager.

C. The Subcontractor shall submit to the Project Manager three (3) copies of test results, certified in 
writing, witnessed, signed and dated, immediately upon completion of work.  Unsatisfactory 
condition revealed by these test results, or unsatisfactory methods of tests and/or testing 
apparatus and instruments, shall be corrected by the Subcontractor to the satisfaction of the 
Project Manager.

D. The Project Manager reserves the right to require that the Subcontractor perform and repeat tests 
that are deemed necessary to complete or check the tests or the certified records of the 
Subcontractor at any time during the course of the work.  The Subcontractor shall correct 
unsatisfactory portion of his work that is revealed by the tests or that may be due to progressive 
deterioration during this period, unless the item in question was a direct specification.

3.2 ARC FLASH HAZARD WARNING LABELING
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A. Switchgear, switchboards, panelboards, industrial control panels, and meter panels/enclosures 
shall be labeled to warn qualified persons of potential electric shock.  

B. Labels shall, as a minimum, display the following:
1. Incident energy in Calories/cm2 at the working distance.
2. Flash hazard boundary distance.
3. Shock hazard voltage when covers are removed.
4. Limited approach boundary.
5. Restricted approach boundary.
6. Prohibited approach boundary.

3.3 EQUIPMENT IDENTIFICATION

A. Transformers:  Transformers shall be identified by one-inch-high white characters giving bank 
number and circuit feeding the transformer in agreement with the Drawings.  Labeling may be 
black writing on white background applied sticker (emergency panels shall be a red background), 
or engraved nameplate with 1” high lettering, white letters on Black background.

B. Panelboards:  Panelboards shall be identified with the name listed on the drawings and panel 
schedule by one-inch-high black writing on white background applied sticker (emergency panels 
shall be a red background).  Voltage and phase shall be describe on Arc Flash label.

C. Schedules:  Panelboards shall be furnished with a complete 8-1/2" x 11" typewritten schedule 
mounted on the inside of the inner door with a protective cover.  If field changes are necessary, 
new schedules shall be provided by the Subcontractor.  Forms will be provided by the Project 
Manager.

D. Receptacles and Light Switches: Receptacles and light switches shall be identified by a circuit 
number as indicated on the drawings with 1/4 inches (6 mm) high white characters on 1/2 inch (12 
mm) wide dark contrasting stick-on embossing tape placed directly above the device on the 
reverse side of the cover. 

E. Equipment:  Properly identify circuit breakers and other devices on switchboards, motor 
disconnect switches, starters, time clocks, and other apparatus used for operation of, or control of 
circuits, appliances or equipment by means of 1” high lettering in black on white background 
applied sticker.

F. Conductors:  The main incoming power will be delivered to the building site with the A phase, B 
phase, C phase and Neutral phase (if applicable) cables positively identified.  The phase sequence 
rotation shall be A-B-C clockwise and standard left to right.
1. Conductors shall be identified using factory colored wires or by using color bands or tape 

intended for the purpose and approved for wet, outdoor applications at terminations, 
junctions and wherever the conductors are accessible in pull boxes. Conductors shall be 
color coded, identified as "A Phase", "B Phase", and "C Phase".

2. For color coding of low voltage conductors, see Division 26 Section "600 Volt Conductors 
and Cable", Paragraph 2.1.

3. Branch circuit identification shall be by use of wrap-around labels such as manufactured by 
Brady, Thomas and Betts, or equal.  Labels shall be placed on conductors at all loads not 
identified under other sections of this specification.  This includes, but not limited, to: 
junction boxes, relays, disconnect switches, motor starters, and controls.  
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3.4 NOISE AND VIBRATION

A. The Subcontractor shall cooperate in reducing objectionable noise or vibration.  If noise or 
vibration is a result of improper material or installation, these conditions shall be corrected at no 
cost to the School District.

3.5 GENERAL INSTALLATION METHODS

A. Carpentry, Cutting, Patching, and Core Drilling:
1. Provide carpentry, cutting, patching, and core drilling required for installation of material 

and equipment specified in the scope of work.
2. Do not cut, core, or drill structural members without consent of the Project Manager.
3. Seismic Mounting: Electrical material and equipment, including floor mounted equipment, 

suspended raceways and light fixtures, shall be installed with bracing, cabling, or anchoring 
to comply with the latest edition of the CBC and Standard and Division 01 Section “Lateral 
Force Provisions.”  See 031500 – Concrete Accessories for approved anchors.

B. Waterproof Construction:
1. Maintain waterproof integrity of penetrations of materials intended to be waterproof.  

Provide flashings at exterior roof penetrations.  Caulk penetrations of foundation walls and 
floors watertight.  Provide membrane clamps at penetrations of waterproof membranes.

2. Provide waterproof NEMA 3R enclosures for equipment or devices mounted outside or 
otherwise exposed to the weather.

3. Leave drip loop at all cable to conduit entry points, and penetrate building at an upward 
angle going into the building with any conduit penetrations.

C. Sleeves, Conduit Stubs, and Slab Penetrations: See Division 09 Section "Painting".

D. Painting of Electrical Equipment and Hardware:
1. Provide moisture resistant paint for exterior painting.
2. Colors shall be as shown on the drawings unless specified.
3. Refer to individual Sections and Construction Drawings for painting requirements of 

electrical equipment.

E. Equipment Concrete Pads:
1. Equipment located on concrete floors inside the building or on grade outside the building, 

shall be mounted on a concrete base.  The concrete base shall be four inches high and shall 
extend four inches (4”) beyond the edge of equipment base unless indicated otherwise on 
drawings.  All pads shall have 1” chamfered or rounded edge.

F. Demolition and Removal:
1. Refer to construction documents for demolition and removal details.
2. The approval shall be obtained from the owner representative/ construction manager prior 

to disposal of electrical equipment and materials.
3. Disconnected wiring shall be removed from raceway systems, panels, enclosures pull boxes, 

junction boxes etc. irrespective of whether the removal is specified in the construction 
documents or not. The empty raceway systems shall be tagged spare on both ends of each 
termination. 

4. All removed products are considered property of the School District and shall be turned over 
to their representative, or he shall provide direction of an alternative.
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END OF SECTION 260500
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SECTION 260519 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. Section 260500 "Common Work Result for Electrical".
2. Section 260533 “Raceways and Boxes for Electrical Sytems”
3. Section 271500 "Communications Horizontal Cabling" for cabling used for voice and 

data circuits.

1.3 DEFINITIONS

A. VFD: Variable Frequency Drive.

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.
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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:

1. Alpha Wire Company.
2. Belden Inc.
3. Cooper Industries, Inc.
4. General Cable Technologies Corporation.

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-2

D. Multi-conductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, Type TC 
shielded with ground wire.

E. VFD Cable:

1. Comply with UL 1277, UL 1685, and NFPA 70 for Type TC-ER cable.
2. Type TC-ER with oversized cross-linked polyethylene insulation, dual spirally wrapped 

copper tape shields and three bare symmetrically applied ground wires, and sunlight- 
and oil-resistant outer PVC jacket.

2.2 CONNECTORS AND SPLICES

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

1. 3M.
2. AFC Cable Systems; a part of Atkore International.
3. Gardner Bender.
4. Hubbell Power Systems, Inc.

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, 
marked for intended location and application, and installed per the listed application.

B. Comply with NFPA 70.

http://www.specagent.com/Lookup?uid=123456982218
http://www.specagent.com/Lookup?uid=123456982219
http://www.specagent.com/Lookup?uid=123457030296
http://www.specagent.com/Lookup?uid=123456982216
http://www.specagent.com/Lookup?ulid=1704
http://www.specagent.com/Lookup?uid=123456982231
http://www.specagent.com/Lookup?uid=123456982225
http://www.specagent.com/Lookup?uid=123456982226
http://www.specagent.com/Lookup?uid=123456982227
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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.  
Aluminum cable may be substituted for circuits over 100A if ampacity of the alternate is equal 
to or greater than the design, and all terminations are crimp-on then bolted to device 
terminal.

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. Exposed Feeders: Type THHN/THWN-2, single circuits in metallic raceway. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, single 
circuits in metallic raceway and Metal-clad assembled cable.

C. Feeders in Cable Tray: Type TC-ER

D. Exposed Branch Circuits: Type THHN/THWN-2, single circuits in raceway.

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single circuits 
in metallic raceway and Metal-clad cable, Type MC.

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

3.3 INSTALLATION OF CONDUCTORS AND CABLES

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

B. Complete raceway installation between conductor and cable termination points according to 
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/conduits parallel and perpendicular to surfaces of exposed structural 
members, and follow surface contours where possible.  Flexible metallic conduit, in lengths not 
exceeding 4’, may be used to offset or go around structural blockages.
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F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

3.4 CONNECTIONS

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

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

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

2. Use crimp terminals with  bolted lugs for each permitted use of Aluminum wire.

C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches (300 mm) of slack.

D. Receptacles shall be side wired per Exhibit 110.3 of NEC Handbook.

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.

C. Identify each spare conduit with a tag listing size and number of bends.  Attach tag to both the 
pull string and anchor inside box or at stub-up.  Tags exposed to elements shall be waterproof 
and non-degrading with permanent markings

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. 

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 078413 "Penetration 
Firestopping."

B. Firestopping shall be intumescent caulk/putty listed for use and installed in quantity required 
to maintain wall rating.
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3.8 FIELD QUALITY CONTROL

A. Perform the following tests and inspections:

1. After installing conductors and cables and before electrical circuitry has been energized, 
test feeder conductors and conductors feeding all other supplemental and supporting 
equipment for compliance with project 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. 8 AWG and 
larger. Immediately before scan (not sooner), remove box and equipment covers so 
splices are accessible to portable scanner. All tested circuits shall be operating under full 
load for a minimum of 10 minutes prior to testing.  Any splice showing a temperature 
rise of 10 degrees Centigrade over ambient will be considered deficient.  Correct 
deficiencies determined during the scan at no cost to owner.

a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of 
each splice 1 month after failed initial inspection.  Any second failures shall be 
pointed out to the owner and the offending equipment replaced at no cost to the 
owner.

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.

B. 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.

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

END OF SECTION 260519
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SECTION 260526 GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes grounding and bonding systems and equipment.

B. Section includes grounding and bonding systems and equipment, plus the following special 
applications:

1. Underground distribution grounding.
2. Ground bonding common with lightning protection system.
3. Foundation steel electrodes.

C. Field quality-control reports.

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

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

1. Burndy; Part of Hubbell Electrical Systems.
2. Galvan Industries, Inc.; Electrical Products Division, LLC.
3. Harger Lightning & Grounding.
4. O-Z/Gedney; a brand of Emerson Industrial Automation.

2.2 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.

http://www.specagent.com/Lookup?ulid=7341
http://www.specagent.com/Lookup?uid=123456848746
http://www.specagent.com/Lookup?uid=123456848750
http://www.specagent.com/Lookup?uid=123456848751
http://www.specagent.com/Lookup?uid=123456848753
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B. Comply with UL 467 for grounding and bonding materials and equipment.

2.3 CONDUCTORS

A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by 
applicable Code or authorities having jurisdiction.

B. Bare copper conductors, solid if #8 and smaller, stranded if larger.  Aluminum shall not be used 
for grounding electrode conductors or at/below grade, but may be used for grounding feeders 
or branch circuits if terminated as described in Low-Voltage Electrical Power Conductors and 
phase conductors are Aluminum.

2.4 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.

PART 3 - EXECUTION

3.1 APPLICATIONS

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for 
No. 8 AWG and larger unless otherwise indicated.

B. Grounding Conductors: Green-colored insulation.

C. Conductor Terminations and Connections:
1. Connections to Structural Steel: Welded connectors.

3.2 GROUNDING SEPARATELY DERIVED SYSTEMS

A. Transformer: Connect grounding terminal to the equipment ground at the transformer 
location. The conductor shall be connected to the equipment grounding conductor terminal 
and to the frame of the transformer.

3.3 EQUIPMENT GROUNDING

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

C. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit 
or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic 
raceway fitting listed for the purpose. Install fitting where raceway enters enclosure, and 
install a separate insulated equipment grounding conductor. Isolate conductor from raceway 
and from panelboard grounding terminals. Terminate at equipment grounding conductor 
terminal of the applicable derived system or service unless otherwise indicated.

3.4 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. 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.

C. 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.

D. Bond all other metallic systems, such as gas piping and sprinkler piping as required in NFPA 70, 
National Electrical Code

3.5 FIELD QUALITY CONTROL

A. 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.

B. Grounding system will be considered defective if it does not pass tests and inspections.
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C. Prepare test and inspection reports.

D. Excessive Ground Resistance: If resistance to ground exceeds 20 Ohms, notify Engineer 
promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260529 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.

B. Related Requirements:

1. Section 260548.16 "Seismic Controls for Electrical Systems" for products and installation 
requirements necessary for compliance with seismic criteria.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for the following:

a. Hangers.
b. Steel slotted support systems.
c. Trapeze hangers.
d. Clamps.
e. Turnbuckles.
f. Sockets.
g. Eye nuts.
h. Saddles.
i. Brackets.

2. Include rated capacities and furnished specialties and accessories.

B. Shop Drawings: For fabrication and installation details for electrical hangers and support 
systems.

1. Trapeze hangers. Include product data for components.
2. Steel slotted-channel systems.
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3. Equipment supports.
4. Vibration Isolation Base Details: Detail fabrication, including anchorages and 

attachments to structure and to supported equipment. Include adjustable motor bases, 
rails, and frames for equipment mounting.

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on which 
the following items are shown and coordinated with each other, using input from installers of 
the items involved:
1. Structural members to which hangers and supports will be attached.

B. Seismic Qualification Certificates: For hangers and supports for electrical equipment and 
systems, accessories, and components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions.

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

C. Welding certificates.

1.5 QUALITY ASSURANCE

A. Welding Qualifications: Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M.
2. AWS D1.2/D1.2M.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Hangers and supports shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7.

1. The term "withstand" means "the supported equipment and systems will remain in 
place without separation of any parts when subjected to the seismic forces 
specified and the system will be fully operational after the seismic event."

2. Component Importance Factor: 1.5.

B. Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified testing agency. 
Identify products with appropriate markings of applicable testing agency.
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1. Flame Rating: Class 1.
2. Self-extinguishing according to ASTM D 635.

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems: Comply with MFMA-4 factory-fabricated components for field 
assembly.

1. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following, or approved equal:
a. B-line, an Eaton business.
b. Flex-Strut Inc.
c. GS Metals Corp.
d. G-Strut.
e. Haydon Corporation.
f. Metal Ties Innovation.
g. Thomas & Betts Corporation, A Member of the ABB Group.

2. Material: Galvanized steel.

3. Channel Width: 1-1/4 inches (31.75 mm)
4. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-

4.
5. Protect finishes on exposed surfaces from damage by applying a strippable, temporary 

protective covering before shipping.
6. Channel Dimensions: Selected for applicable load criteria.

B. Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed 
for types and sizes of raceway or cable to be supported.

C. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded 
body and insulating wedging plug or plugs for non-armored electrical conductors or cables in 
riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as 
required to suit individual conductors or cables supported. Body shall be made of malleable 
iron.

D. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes, 
and bars; black and galvanized.

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or 
their supports to building surfaces include the following:

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened Portland cement 
concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 
supported loads and building materials where used.

a. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following, or approved equal:

http://www.specagent.com/Lookup?ulid=1736
http://www.specagent.com/Lookup?uid=123456991068
http://www.specagent.com/Lookup?uid=123456995502
http://www.specagent.com/Lookup?uid=123456991070
http://www.specagent.com/Lookup?uid=123456995503
http://www.specagent.com/Lookup?uid=123456995504
http://www.specagent.com/Lookup?uid=123456991071
http://www.specagent.com/Lookup?uid=123456995501
http://www.specagent.com/Lookup?ulid=1742
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1) Hilti, Inc.
2) ITW Ramset/Red Head; Illinois Tool Works, Inc.

2. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel for use in 
hardened Portland cement concrete, with tension, shear, and pullout capacities 
appropriate for supported loads and building materials where used.

a. Manufacturers: Subject to compliance with requirements, provide products by 
one of the following, or approved equal:

1) B-line, an Eaton business.
2) Empire Tool and Manufacturing Co., Inc.
3) Hilti, Inc.

3. Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to 
MSS Type 18 units and comply with MFMA-4 or MSS SP-58.

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for 
attached structural element.

5. Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325.
6. Toggle Bolts: All-steel springhead type.
7. Hanger Rods: Threaded steel.

2.3 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

B. Materials: Comply with requirements in Section 055000 "Metal Fabrications" for steel shapes 
and plates.

PART 3 - EXECUTION

3.1 APPLICATION

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 
equipment and systems unless requirements in this Section are stricter.

B. Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and 
Boxes for Electrical Systems."

C. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for 
EMTs, IMCs, and RMCs as required by NFPA 70. Minimum rod size shall be 1/2 inch (12 mm) in 
diameter.

http://www.specagent.com/Lookup?uid=123456995492
http://www.specagent.com/Lookup?uid=123456995493
http://www.specagent.com/Lookup?ulid=1746
http://www.specagent.com/Lookup?uid=123456995496
http://www.specagent.com/Lookup?uid=123456995497
http://www.specagent.com/Lookup?uid=123456995498
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D. Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted 
support system, sized so capacity can be increased by at least 25 percent in future without 
exceeding specified design load limits.

1. Secure raceways and cables to these supports with single-bolt conduit clamps.

E. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems 
above suspended ceilings and for fastening raceways to trapeze supports.

3.2 SUPPORT INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 
article.

B. Raceway Support Methods: In addition to methods described in NECA 1, EMTs, IMCs, and 
RMCs may be supported by openings through structure members, according to NFPA 70.

C. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb (90 kg).

D. Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten 
electrical items and their supports to building structural elements by the following methods 
unless otherwise indicated by code:

1. To Wood: Fasten with lag screws or through bolts.
2. To New Concrete: Bolt to concrete inserts.
3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units.
4. To Existing Concrete: Expansion anchor fasteners.
5. Instead of expansion anchors, powder-actuated driven threaded studs provided with 

lock washers and nuts may be used in existing standard-weight concrete 4 inches (100 
mm) thick or greater. Do not use for anchorage to lightweight-aggregate concrete or for 
slabs less than 4 inches (100 mm) thick.

6. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-
69 and/or Spring-tension clamps].

7. To Light Steel: Sheet metal screws.
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 
transformers, and other devices on slotted-channel racks attached to substrate by 
means that comply with seismic-restraint strength and anchorage requirements.

E. Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for 
reinforcing bars.
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3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

A. Comply with installation requirements in Section 055000 "Metal Fabrications" for site-
fabricated metal supports.

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and 
elevation to support and anchor electrical materials and equipment.

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

3.4 CONCRETE BASES

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 
both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters 
from edge of the base.

B. Anchor equipment to concrete base as follows:

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded.

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

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

3.5 PAINTING

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately 
after erecting hangers and supports. Use same materials as used for shop painting. Comply 
with SSPC-PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 
mm).

B. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply 
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 260529
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SECTION 260533 RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Metal conduits, tubing, and fittings.
2. Nonmetal conduits, tubing, and fittings.
3. Metal wireways and auxiliary gutters.
4. Nonmetal wireways and auxiliary gutters.
5. Surface raceways.
6. Boxes, enclosures, and cabinets.
7. Handholes and boxes for exterior underground cabling.

B. Related Requirements:

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction.

2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, 
surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and 
handholes serving communications systems.

3. Section 280528 "Pathways for Electronic Safety and Security" for conduits, surface 
pathways, innerduct, boxes, and faceplate adapters serving electronic safety and 
security.

1.3 DEFINITIONS

A. ARC: Aluminum rigid conduit.

B. GRC: Galvanized rigid steel conduit.

C. IMC: Intermediate metal conduit.

1.4 ACTION SUBMITTALS

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets.
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B. LEED Submittals:

1. Product Data for Credit IEQ 4.1: For solvent cements and adhesive primers, 
documentation including printed statement of VOC content.

2. Laboratory Test Reports for Credit IEQ 4: For solvent cements and adhesive primers, 
documentation indicating that products comply with the testing and product 
requirements of the California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-Scale 
Environmental Chambers."

C. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and 
attachment details.

1.5 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items 
are shown and coordinated with each other, using input from installers of items involved:

1. Structural members in paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports.

B. Qualification Data: For professional engineer.

C. Seismic Qualification Certificates: For enclosures, cabinets, and conduit racks and their 
mounting provisions including those for internal components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions.

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

4. Detailed description of conduit support devices and interconnections on which the 
certification is based and their installation requirements.

D. Source quality-control reports.

PART 2 - PRODUCTS

2.1 METAL CONDUITS, TUBING, AND FITTINGS

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

1. AFC Cable Systems; a part of Atkore International.

http://www.specagent.com/Lookup?ulid=1747
http://www.specagent.com/Lookup?uid=123456895813
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2. Anamet Electrical, Inc.
3. Electri-Flex Company.
4. O-Z/Gedney; a brand of Emerson Industrial Automation.
5. Patriot Aluminum Products, LLC.
6. Republic Conduit.
7. Robroy Industries.
8. Southwire Company.
9. Thomas & Betts Corporation, A Member of the ABB Group.

B. Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined 
in NFPA 70, by a qualified testing agency, and marked for intended location and application.

C. GRC: Comply with ANSI C80.1 and UL 6.

D. ARC: Comply with ANSI C80.5 and UL 6A.

E. IMC: Comply with ANSI C80.6 and UL 1242.

F. PVC-Coated Steel Conduit: PVC-coated rigid steel conduit or IMC.

1. Comply with NEMA RN 1.
2. Coating Thickness: 0.040 inch (1 mm), minimum.

G. EMT: Comply with ANSI C80.3 and UL 797.

H. FMC: Comply with UL 1; zinc-coated steel

I. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

J. Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA 70.
2. Fittings for EMT:

a. Material: Steel
b. Type: compression.

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for 
environmental conditions where installed, and including flexible external bonding 
jumper.

4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch (1 mm), 
with overlapping sleeves protecting threaded joints.

K. Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities having 
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect 
threaded conduit joints from corrosion and to enhance their conductivity.

http://www.specagent.com/Lookup?uid=123456895809
http://www.specagent.com/Lookup?uid=123456895810
http://www.specagent.com/Lookup?uid=123456895817
http://www.specagent.com/Lookup?uid=123456895811
http://www.specagent.com/Lookup?uid=123456895812
http://www.specagent.com/Lookup?uid=123456895814
http://www.specagent.com/Lookup?uid=123456895815
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2.2 METAL WIREWAYS AND AUXILIARY GUTTERS

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

1. B-line, an Eaton business.
2. Hoffman; a brand of Pentair Equipment Protection.

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 and Type 12 where 
required, unless otherwise indicated, and sized according to NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application.

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 
hold-down straps, end caps, and other fittings to match and mate with wireways as required 
for complete system.

D. Wireway Covers: Flanged-and-gasketed type unless otherwise indicated.

E. Finish: Manufacturer's standard enamel finish.

2.3 SURFACE RACEWAYS

A. Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as 
defined in NFPA 70, by a qualified testing agency, and marked for intended location and 
application.

B. Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5. 

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

a. Hubbell Incorporated; Wiring Device-Kellems.
b. MonoSystems, Inc.

2.4 BOXES, ENCLOSURES, AND CABINETS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following:
1. Crouse-Hinds, an Eaton business.
2. EGS/Appleton Electric.
3. Erickson Electrical Equipment Company.
4. FSR Inc.
5. Hoffman; a brand of Pentair Equipment Protection.
6. Hubbell Incorporated.
7. Milbank Manufacturing Co.

http://www.specagent.com/Lookup?ulid=1749
http://www.specagent.com/Lookup?uid=123456895858
http://www.specagent.com/Lookup?uid=123456895860
http://www.specagent.com/Lookup?ulid=1751
http://www.specagent.com/Lookup?uid=123457007171
http://www.specagent.com/Lookup?uid=123456895867
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8. MonoSystems, Inc.
9. Oldcastle Enclosure Solutions.
10. O-Z/Gedney; a brand of Emerson Industrial Automation.
11. RACO; Hubbell.
12. Robroy Industries.
13. Spring City Electrical Manufacturing Company.

B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations.

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy Type FD, with 
gasketed cover.

E. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.

F. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 lb 
(23 kg). Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) 
shall be listed and marked for the maximum allowable weight.

G. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 lb 
(32 kg).

1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application.

H. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

I. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box.

J. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm 
deep) and 4 inches by 2-1/8 inches by 2-1/8 inches deep (100 mm by 60 mm by 60 mm deep)

K. Gangable boxes are prohibited.

L. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 and Type 12 where 
required with continuous-hinge cover with flush latch unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

M. Cabinets:

1. NEMA 250, Type 1and Type 12 where required galvanized-steel box with removable 
interior panel and removable front, finished inside and out with manufacturer's 
standard enamel.

http://www.specagent.com/Lookup?uid=123456895837
http://www.specagent.com/Lookup?uid=123456918561
http://www.specagent.com/Lookup?uid=123456895840
http://www.specagent.com/Lookup?uid=123456895841
http://www.specagent.com/Lookup?uid=123456895829
http://www.specagent.com/Lookup?uid=123456895830
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2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.
4. Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application.

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

A. Indoors: Apply raceway products as specified below unless otherwise indicated:

1. Exposed, Not Subject to Physical Damage: EMT with compression fittings.
2. Exposed and Subject to Severe Physical Damage: GRC. Raceway locations include the 

following:
a. Mechanical rooms.

3. Concealed in Ceilings and Interior Walls and Partitions: EMT with compression fittings.
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet 
locations.

5. Damp or Wet Locations: GRC or IMC.
6. Boxes and Enclosures: NEMA 250, Type 1, Type 12 where required.

B. Minimum Raceway Size: 3/4-inch (21-mm) trade size.

C. Raceway Fittings: Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this type 
of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after installing 
conduits and fittings. Use sealants recommended by fitting manufacturer and apply in 
thickness and number of coats recommended by manufacturer.

3. EMT: Use compression fittings. Comply with NEMA FB 2.10.
4. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20.

D. Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum 
raceways are installed for such circuits and pass through concrete, install in nonmetallic 
sleeve.

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

F. Install surface raceways only where indicated on Drawings.
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3.2 INSTALLATION

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits. 
Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and 
number of floors.

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping.

C. Complete raceway installation before starting conductor installation.

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
hangers and supports.

E. Arrange stub-ups so curved portions of bends are not visible above finished slab.

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300 
mm) of changes in direction.

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated. 
Install conduits parallel or perpendicular to building lines.

H. Support conduit within 12 inches (300 mm) of enclosures to which attached.

I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions.

J. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive 
compound prior to assembly.

K. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings 
to protect conductors including conductors smaller than No. 4 AWG.

L. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of 
boxes or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and 
insulated throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits 
terminated with locknuts. Install insulated throat metal grounding bushings on service 
conduits.

M. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more.

N. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings 
in the locknut area prior to assembling conduit to enclosure to assure a continuous ground 
path.
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O. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length.

P. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end 
of pull wire. Cap underground raceways designated as spare above grade alongside raceways 
in use.

Q. Surface Raceways:

1. Install surface raceway with a minimum 2-inch (50-mm) radius control at bend points.
2. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway 
section. Support surface raceway according to manufacturer's written instructions. Tape 
and glue are not acceptable support methods.

R. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway 
sealing fittings according to NFPA 70.

S. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces.

2. Where an underground service raceway enters a building or structure.
3. Where otherwise required by NFPA 70.

T. Comply with manufacturer's written instructions for solvent welding RNC and fittings.

U. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) of flexible conduit for]equipment subject to vibration, noise transmission, or movement; 
and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC in damp or wet locations not subject to severe physical damage.

V. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height measured to 
center of box unless otherwise indicated.

W. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same 
vertical channel.

X. Locate boxes so that cover or plate will not span different building finishes.
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Y. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose.

Z. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits.

3.3 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."

3.4 FIRESTOPPING

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with 
requirements in Section 078413 "Penetration Firestopping."

3.5 PROTECTION

A. Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating 
recommended by manufacturer.

END OF SECTION 260533
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SECTION 260548.16 SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Restraint channel bracings.
2. Restraint cables.
3. Seismic-restraint accessories.
4. Mechanical anchor bolts.
5. Adhesive anchor bolts.

B. Related Requirements:

1. Section 260529 "Hangers and Supports for Electrical Systems" for commonly used 
electrical supports and installation requirements.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Illustrate and indicate style, material, strength, fastening provision, and finish for each 
type and size of seismic-restraint component used.
a. Annotate to indicate application of each product submitted and compliance with 

requirements.

B. Delegated-Design Submittal: For each seismic-restraint device.

1. Include design calculations and details where standard product is not used for selecting 
seismic restraints complying with performance requirements, design criteria, and 
analysis data signed and sealed by the qualified professional engineer responsible for 
their preparation.

2. Design Calculations: Calculate static and dynamic loading caused by equipment weight, 
operation, and seismic forces required to select seismic restraints and for designing 
vibration isolation bases.
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a. Coordinate design calculations with wind load calculations required for 
equipment mounted outdoors. Comply with requirements in other Sections for 
equipment mounted outdoors.

3. Seismic-Restraint Details:

a. Design Analysis: To support selection and arrangement of seismic restraints. 
Include calculations of combined tensile and shear loads.

b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to 
the restrained items and to the structure. Show attachment locations, methods, 
and spacings. Identify components, list their strengths, and indicate directions 
and values of forces transmitted to the structure during seismic events. Indicate 
association with vibration isolation devices.

c. Coordinate seismic-restraint and vibration isolation details with wind-restraint 
details required for equipment mounted outdoors. Comply with requirements in 
other Sections for equipment mounted outdoors.

d. Preapproval and Evaluation Documentation: By showing maximum ratings of 
restraint items and the basis for approval (tests or calculations).

1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Show coordination of seismic bracing for electrical components with 
other systems and equipment in the vicinity, including other supports and seismic restraints.

B. Qualification Data.

C. Welding certificates.

D. Field quality-control reports.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications: An independent agency, with the experience and capability to 
conduct the testing indicated, that is a nationally recognized testing laboratory as defined by 
OSHA in 29 CFR 1910.7 and that is acceptable to authorities having jurisdiction.

B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are 
more stringent.

C. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel."

D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis. They shall 
bear anchorage preapproval from OSHPD in addition to preapproval, showing maximum 
seismic-restraint ratings, by ICC-ES or another agency acceptable to authorities having 
jurisdiction. Ratings based on independent testing are preferred to ratings based on 
calculations. If preapproved ratings are not available, submittals based on independent testing 
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are preferred. Calculations (including combining shear and tensile loads) that support seismic-
restraint designs must be signed and sealed by a qualified professional engineer.

E. Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Seismic-Restraint Loading:

1. Site Class as Defined in the IBC: C.
2. Assigned Seismic Use Group or Building Category as Defined in the IBC: III.

a. Component Importance Factor: 1.5
b. Component Response Modification Factor: 2.5
c. Component Amplification Factor: 2.5

3. Design Spectral Response Acceleration at Short Periods (0.2 Second).
4. Design Spectral Response Acceleration at 1.0-Second Period.

2.2 RESTRAINT CHANNEL BRACINGS

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

1. B-line, an Eaton business.
2. Hilti, Inc.

B. Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel 
channels with accessories for attachment to braced component at one end and to building 
structure at the other end, with other matching components, and with corrosion-resistant 
coating; rated in tension, compression, and torsion forces.

2.3 RESTRAINT CABLES

A. Manufacturers: Subject to compliance with requirements, provide products by the following, 
or approved equal:

1. Kinetics Noise Control, Inc.

B. Restraint Cables: ASTM A 492 stainless-steel cables. End connections made of steel assemblies 
with thimbles, brackets, swivel, and bolts designed for restraining cable service; with a 
minimum of two clamping bolts for cable engagement.

http://www.specagent.com/Lookup?ulid=9103
http://www.specagent.com/Lookup?uid=123456895042
http://www.specagent.com/Lookup?uid=123456895043
http://www.specagent.com/Lookup?ulid=9104
http://www.specagent.com/Lookup?uid=123456895046
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2.4 SEISMIC-RESTRAINT ACCESSORIES

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

1. B-line, an Eaton business.
2. Kinetics Noise Control, Inc.

B. Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted 
connections to hanger rod.

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers 
to rigid channel bracings

D. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid 
equipment mountings and matched to type and size of anchor bolts and studs.

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene 
elements and steel sleeves designed for rigid equipment mountings and matched to type and 
size of attachment devices used.

F. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant 
neoprene, with a flat washer face.

2.5 MECHANICAL ANCHOR BOLTS

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

1. B-line, an Eaton business.
2. Hilti, Inc.

B. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel 
for interior applications and stainless steel for exterior applications. Select anchor bolts with 
strength required for anchor and as tested according to ASTM E 488.

2.6 ADHESIVE ANCHOR BOLTS

A. Manufacturers: Subject to compliance with requirements, provide products by the following, 
or approved equal:

1. Hilti, Inc.

B. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or urethane 
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. 
Provide anchor bolts and hardware with zinc-coated steel for interior applications and 
stainless steel for exterior applications. Select anchor bolts with strength required for anchor 
and as tested according to ASTM E 488.

http://www.specagent.com/Lookup?ulid=9105
http://www.specagent.com/Lookup?uid=123456895057
http://www.specagent.com/Lookup?uid=123456895058
http://www.specagent.com/Lookup?ulid=9106
http://www.specagent.com/Lookup?uid=123456895061
http://www.specagent.com/Lookup?uid=123456895062
http://www.specagent.com/Lookup?ulid=9107
http://www.specagent.com/Lookup?uid=123456895065
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive seismic-control devices for compliance with 
requirements for installation tolerances and other conditions affecting performance of the 
Work.

B. Examine roughing-in for reinforcement and cast-in-place anchors to verify actual locations 
before installation.

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

3.2 APPLICATIONS

A. Multiple Raceways or Cables: Secure raceways and cables to trapeze member with clamps 
approved for application by an evaluation service member of an agency acceptable to 
authorities having jurisdiction.

B. Hanger-Rod Stiffeners: Install hanger-rod stiffeners where indicated or scheduled on Drawings 
to receive them and where required to prevent buckling of hanger rods caused by seismic 
forces.

C. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of 
components so strength will be adequate to carry present and future static and seismic loads 
within specified loading limits.

3.3 SEISMIC-RESTRAINT DEVICE INSTALLATION

A. Equipment and Hanger Restraints:

1. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance 
between anchor and adjacent surface exceeds 0.125 inch (3.2 mm).

2. Install seismic-restraint devices using methods approved by an agency acceptable to 
authorities having jurisdiction providing required submittals for component.

B. Install cables so they do not bend across edges of adjacent equipment or building structure.

C. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to 
provide resilient media where equipment or equipment-mounting channels are attached to 
wall.

D. Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at 
flanges of beams, at upper truss chords of bar joists, or at concrete members.

E. Drilled-in Anchors:
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1. Identify position of reinforcing steel and other embedded items prior to drilling holes for 
anchors. Do not damage existing reinforcing or embedded items during coring or 
drilling. Notify the structural engineer if reinforcing steel or other embedded items are 
encountered during drilling. Locate and avoid pre-stressed tendons, electrical and 
telecommunications conduit, and gas lines.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved 
full design strength.

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty 
sleeve anchors shall be installed with sleeve fully engaged in the structural element to 
which anchor is to be fastened.

4. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to 
installation of adhesive. Place adhesive in holes proceeding from the bottom of the hole 
and progressing toward the surface in such a manner as to avoid introduction of air 
pockets in the adhesive.

5. Set anchors to manufacturer's recommended torque using a torque wrench.
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior 

applications.

3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways 
where they cross seismic joints, where adjacent sections or branches are supported by 
different structural elements, and where connection is terminated to equipment that is 
anchored to a different structural element from the one supporting them as they approach 
equipment.

3.5 FIELD QUALITY CONTROL

A. Perform the following tests and inspections

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable 
to authorities having jurisdiction.

2. Schedule test with Owner, through Architect, before connecting anchorage device to 
restrained component (unless post-connection testing has been approved), and with at 
least seven days' advance notice.

3. Obtain Architect's approval before transmitting test loads to structure. Provide 
temporary load-spreading members.

4. Test at least 2 of each type and size of installed anchors and fasteners selected by 
Architect.

5. Test to 90 percent of rated proof load of device.

B. Seismic controls will be considered defective if they do not pass tests and inspections.

C. Prepare test and inspection reports.
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3.6 ADJUSTING

A. Adjust restraints to permit free movement of equipment within normal mode of operation.

END OF SECTION 260548.16
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SECTION 260553 IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Identification for raceways.
2. Identification of power and control cables.
3. Identification for conductors.
4. Underground-line warning tape.
5. Warning labels and signs.
6. Instruction signs.
7. Equipment identification labels, including arc-flash warning labels.
8. Miscellaneous identification products.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for electrical identification products.

B. Samples: For each type of label and sign to illustrate composition, size, colors, lettering style, 
mounting provisions, and graphic features of identification products.

C. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system components 
used in identification signs and labels. Use same designations indicated on Drawings.

D. Delegated-Design Submittal: For arc-flash hazard study.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Comply with ASME A13.1 and IEEE C2.



 

FVHD-5015A2A / 5015L2 2:260553-2

B. Comply with NFPA 70.

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

D. Comply with ANSI Z535.4 for safety signs and labels.

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969.

F. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes.

1. Temperature Change: 90 deg F (32 deg C), ambient; 176 deg F (80 deg C), material 
surfaces.

2.2 COLOR AND LEGEND REQUIREMENTS

A. Raceways and Cables Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.
2. Legend: Indicate voltage and system or service type.

B. Warning labels and signs shall include, but are not limited to, the following legends:

1. Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD."
2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF 

ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES (915 MM)." (for 120/208 
equipment and) 42 INCHES (for 277/480V equipment).

3. Ark Flash Hazard label per NFPA 70E. 

2.3 LABELS

A. Snap-Around Labels for Raceways and Cables Carrying Circuits at 600 V or Less: Slit, 
pretensioned, flexible, preprinted, color-coded acrylic sleeves, with diameters sized to suit 
diameters of raceways they identify, and that stay in place by gripping action.

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

a. Brady Corporation.
b. Marking Services, Inc.

B. Self-Adhesive Labels:

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

a. A'n D Cable Products.

http://www.specagent.com/Lookup?ulid=11363
http://www.specagent.com/Lookup?uid=123456979638
http://www.specagent.com/Lookup?uid=123456980920
http://www.specagent.com/Lookup?ulid=11479
http://www.specagent.com/Lookup?uid=123456980823
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b. Brady Corporation.
c. Brother International Corporation.
d. Emedco.
e. Grafoplast Wire Markers.
f. Ideal Industries, Inc.
g. LEM Products Inc.
h. Marking Services, Inc.

2. Preprinted 3-mil- (0.08-mm-) thick, vinyl flexible label with acrylic pressure-sensitive 
adhesive.

a. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, 
protective shield over the legend. Labels sized to fit the cable or raceway 
diameter, such that the clear shield overlaps the entire printed legend.

3.  Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, weather- and UV-
resistant, pressure-sensitive adhesive labels, configured for display on front cover, door, 
or other access to equipment unless otherwise indicated.

a. Nominal Size: 3.5-by-5-inch (76-by-127-mm).

4. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 
manufacturer.

5. Marker for Tags: Machine-printed, permanent, waterproof, black ink recommended by 
printer manufacturer.

2.4 BANDS AND TUBES:

A. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed 
identification labels, sized to suit diameters of and shrunk to fit firmly around cables they 
identify. Full shrink recovery occurs at a maximum of 200 deg F (93 deg C). Comply with UL 
224.

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

a. The contractor to select the manufacturer.

2.5 TAPES AND STENCILS:

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification 
legend machine printed by thermal transfer or equivalent process.

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

a. Carlton Industries, LP.

http://www.specagent.com/Lookup?uid=123456980824
http://www.specagent.com/Lookup?uid=123456980833
http://www.specagent.com/Lookup?uid=123456980895
http://www.specagent.com/Lookup?uid=123456981037
http://www.specagent.com/Lookup?uid=123456980897
http://www.specagent.com/Lookup?uid=123456980902
http://www.specagent.com/Lookup?uid=123456980913
http://www.specagent.com/Lookup?ulid=11475
http://www.specagent.com/Lookup?ulid=11473
http://www.specagent.com/Lookup?uid=123456980834
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b. Champion America.
c. Ideal Industries, Inc.

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
(0.08 mm) thick by 1 to 2 inches (25 to 50 mm) thick; compounded for outdoor use.

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

a. Brady Corporation.
b. Carlton Industries, LP.

C. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 
1 inch (25 mm)

2.6 TAGS

A. Nonmetallic Preprinted Tags: Polyethylene tags, 0.023 inch (0.58 mm) thick, color-coded for 
phase and voltage level, with factory printed permanent designations; punched for use with 
self-locking cable tie fastener.

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

a. Brady Corporation.
b. Carlton Industries, LP.
c. Emedco.
d. Grafoplast Wire Markers.
e. LEM Products Inc.
f. Marking Services, Inc.

B. Write-On Tags:

1. Manufacturers: Subject to compliance with requirements, provide products by the 
following, or approved equal:

a. Carlton Industries, LP.

2. Polyester Tags: 0.015 inch (0.38 mm) thick, with corrosion-resistant grommet and cable 
tie for attachment to raceway, conductor, or cable.

3. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag 
manufacturer.

4. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker 
recommended by printer manufacturer.

http://www.specagent.com/Lookup?uid=123456980883
http://www.specagent.com/Lookup?uid=123456980896
http://www.specagent.com/Lookup?ulid=11474
http://www.specagent.com/Lookup?uid=123456980827
http://www.specagent.com/Lookup?uid=123456980836
http://www.specagent.com/Lookup?ulid=11477
http://www.specagent.com/Lookup?uid=123456980829
http://www.specagent.com/Lookup?uid=123456980838
http://www.specagent.com/Lookup?uid=123456980894
http://www.specagent.com/Lookup?uid=123456981038
http://www.specagent.com/Lookup?uid=123456980904
http://www.specagent.com/Lookup?uid=123456980912
http://www.specagent.com/Lookup?ulid=11478
http://www.specagent.com/Lookup?uid=123456980839
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2.7 SIGNS

A. Laminated Acrylic or Melamine Plastic Signs:

1. Engraved legend.
2. Thickness:

a. For signs up to 20 sq. inches (129 sq. cm), minimum 1/16-inch- (1.6-mm-).
b. For signs larger than 20 sq. inches (129 sq. cm), 1/8 inch (3.2 mm) thick.
c. Engraved legend with black letters on white face.
d. Punched or drilled for mechanical fasteners.
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment.

3. Manufacturers: Subject to compliance with requirements, provide products by one of 
the following, or approved equal:

a. Brady Corporation.
b. Carlton Industries, LP.

2.8 CABLE TIES

A. Manufacturers: Subject to compliance with requirements, provide products by the following, 
or approved equal:

1. Ideal Industries, Inc.

B. General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, Type 6/6 
nylon.

1. Minimum Width: 3/16 inch (5 mm).
2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D 638: 12,000 psi (82.7 MPa).
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
4. Color: Black, except where used for color-coding.

2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS

A. Paint: Comply with requirements in painting Sections for paint materials and application 
requirements. Retain paint system applicable for surface material and location (exterior or 
interior).

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 
screws with nuts and flat and lock washers.

http://www.specagent.com/Lookup?ulid=11482
http://www.specagent.com/Lookup?uid=123456980831
http://www.specagent.com/Lookup?uid=123456980841
http://www.specagent.com/Lookup?ulid=11486
http://www.specagent.com/Lookup?uid=123456980898
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PART 3 - EXECUTION

3.1 PREPARATION

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended 
by manufacturer of identification product.

3.2 INSTALLATION

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project.

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

C. Verify identity of each item before installing identification products.

D. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices.

E. Apply identification devices to surfaces that require finish after completing finish work.

F. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 
appropriate to the location and substrate.

G. Attach plastic raceway and cable labels that are not self-adhesive type with clear vinyl tape, 
with adhesive appropriate to the location and substrate.

H. Cable Ties: For attaching tags. Use general-purpose type, except as listed below:
1. In Spaces Handling Environmental Air: Plenum rated.

I. Painted Identification: Comply with requirements in painting Sections for surface preparation 
and paint application.

J. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band 
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in 
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors, 
at 25-foot (15-m) maximum intervals.

3.3 IDENTIFICATION SCHEDULE

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 
Circuits, More Than 20 A and 120 V to Ground: Identify with self-adhesive vinyl label. Install 
labels at [10-foot (3-m)] [30-foot (10-m)] maximum intervals.
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B. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull 
box of the following systems with self-adhesive vinyl labels containing the wiring system 
legend and system voltage. System legends shall be as follows:

1. Indicate a power source and load
2. Circuit number

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in pull and junction 
boxes, use color-coding conductor tape to identify the phase.

1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed 
below for ungrounded feeder and branch-circuit conductors.

a. Color shall be factory applied for wire size #10 and smaller, field applied for sizes 
No. 8 AWG and larger if authorities having jurisdiction permit.

b. Colors for 208/120-V Circuits:
1) Phase A: Black.
2) Phase B: Red.
3) Phase C: Blue.

c. Colors for 480/277-V Circuits:
1) Phase A: Brown.
2) Phase B: Orange.
3) Phase C: Yellow.

d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a 
minimum distance of 6 inches (150 mm) from terminal points and in boxes where 
splices or taps are made. Apply last two turns of tape with no tension to prevent 
possible unwinding. Locate bands to avoid obscuring factory cable markings.

D. Install instructional sign, including the color code for grounded and ungrounded conductors 
using adhesive-film-type labels. Coordinate with building existing standards.

E. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
use write-on tags and self-adhesive vinyl labels with the conductor or cable designation, origin, 
and destination.

F. Control-Circuit Conductor Termination Identification: For identification at terminations, 
provide heat-shrink preprinted tubes with the conductor designation.

G. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and 
signal connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 
pull points. Identify by system and circuit designation.

2. Use system of marker-tape designations that is uniform and consistent with system 
used by manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and 
operation and maintenance manual.
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H. Workspace Indication: Install floor marking tape to show working clearances in the direction of 
access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless 
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in 
finished spaces.

I. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive warning labels

1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.
3. Apply to exterior of door, cover, or other access.
4. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following:

a. Power transformers.
b. Controls with external control power connections.
c. Panels.
d. Enclosed switches and circuit breakers
e. VFD

J. Arc Flash Warning Labeling: Self-adhesive thermal transfer vinyl labels.

1. Comply with NFPA 70E and ANSI Z535.4.
2. Comply with Section 260574 "Overcurrent Protective Device Arc-Flash Study" 

requirements for arc-flash warning labels.

K. Equipment Identification Labels: On each unit of equipment, install unique designation label 
that is consistent with wiring diagrams, schedules, and operation and maintenance manual. 
Apply labels to disconnect switches and protection equipment, central or master units, control 
panels, control stations, terminal cabinets, and racks of each system. Systems include power, 
lighting, control, communication, signal, monitoring, and alarm unless equipment is provided 
with its own identification.

1. Labeling Instructions:

a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine plastic 
label] Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-
mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are 
required, use labels 2 inches (50 mm) high.

b. Elevated Components: Increase sizes of labels and letters to those appropriate for 
viewing from the floor.

c. Unless labels are provided with self-adhesive means of attachment, fasten them 
with appropriate mechanical fasteners that do not change the NEMA or NRTL 
rating of the enclosure.

2. Equipment To Be Labeled:
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a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be in the form of a self-
adhesive, engraved laminated acrylic or melamine label.

b. Enclosures and electrical cabinets.
c. Access doors and panels for concealed electrical items.
d. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary.
e. Motor-control centers.
f. Enclosed switches.
g. Enclosed circuit breakers.
h. Enclosed controllers.
i. Variable-speed controllers.
j. Push-button stations. 
k. Remote-controlled switches, dimmer modules, and control devices.
l. Monitoring and control equipment.

END OF SECTION 260553
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SECTION 262200 LOW-VOLTAGE TRANSFORMERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes: Distribution dry-type transformers rated 600 V and less, with capacities up to 
500 kVA. Refer to drawings for transformer rating.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for each type and size of transformer.

2. Include rated nameplate data, capacities, weights, dimensions, minimum clearances, 
installed devices and features, and performance for each type and size of transformer.

B. Shop Drawings:

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and 
attachments to structure and to supported equipment.

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

1.4 INFORMATIONAL SUBMITTALS

A. Seismic Qualification Certificates: For transformers, accessories, and components, from 
manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements.
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B. Qualification Data: For testing agency.

C. Source quality-control reports.

D. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For transformers to include in emergency, operation, and 
maintenance manuals.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Temporary Heating: Apply temporary heat according to manufacturer's written instructions 
within the enclosure of each ventilated-type unit, throughout periods during which equipment 
is not energized and when transformer is not in a space that is continuously under normal 
control of temperature and humidity.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

1. Acme Electric Corporation.
2. Controlled Power Company; an Emerson company.
3. Dongan Electric Manufacturing Company.
4. Eaton.
5. Federal Pacific.
6. General Electric Company.
7. Hammond Power Solutions Inc.
8. Jefferson Electric, Inc.
9. Lincoln Electric Products Co., Inc.
10. MGM Transformer Company.
11. Powersmiths International Corp.
12. Siemens Power Transmission & Distribution, Inc.

B. Source Limitations: Obtain each transformer type from single source from single 
manufacturer.

2.2 GENERAL TRANSFORMER REQUIREMENTS

A. Description: Factory-assembled and -tested, air-cooled units for 60-Hz service.

http://www.specagent.com/Lookup?ulid=9949
http://www.specagent.com/Lookup?uid=123456947859
http://www.specagent.com/Lookup?uid=123456947860
http://www.specagent.com/Lookup?uid=123456947869
http://www.specagent.com/Lookup?uid=123456947870
http://www.specagent.com/Lookup?uid=123456947871
http://www.specagent.com/Lookup?uid=123456947872
http://www.specagent.com/Lookup?uid=123456947873
http://www.specagent.com/Lookup?uid=123456947875
http://www.specagent.com/Lookup?uid=123456947874
http://www.specagent.com/Lookup?uid=123456947878
http://www.specagent.com/Lookup?uid=123456947881
http://www.specagent.com/Lookup?uid=123456947883
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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. Transformers Rated 15 kVA and Larger: Comply with NEMA TP 1 energy-efficiency levels as 
verified by testing according to NEMA TP 2.

D. Cores: Electrical grade, non-aging silicon steel with high permeability and low hysteresis losses.

E. Coils: Continuous windings without splices except for taps.

1. Internal Coil Connections: Brazed or pressure type.
2. Coil Material: Aluminum.

F. Encapsulation: Transformers smaller than 30 kVA shall have core and coils completely resin 
encapsulated.

G. Shipping Restraints: Paint or otherwise color code bolts, wedges, blocks, and other restraints 
that are to be removed after installation and before energizing. Use fluorescent colors that are 
easily identifiable inside the transformer enclosure.

2.3 DISTRIBUTION TRANSFORMERS

A. Comply with NFPA 70, and list and label as complying with UL 1561.

B. Provide transformers that are constructed to withstand seismic forces specified in 
Section 260548.16 "Seismic Controls for Electrical Systems."

C. Cores: One leg per phase.

D. Enclosure: Ventilated.

1. NEMA 250, Type 2: Core and coil shall be encapsulated within resin compound to seal 
out moisture and air.

2. KVA Ratings: Based on convection cooling only and not relying on auxiliary fans.

E. Transformer Enclosure Finish: Comply with NEMA 250.

1. Finish Color: NSF/ANSI 61 gray.

F. Taps for Transformers 25 kVA and Larger: Two 2.5 percent taps above and two 2.5 percent 
taps below normal full capacity

G. Insulation Class, Smaller than 30 kVA: 185 deg C, UL-component-recognized insulation system 
with a maximum of 115-deg C rise above 40-deg C ambient temperature.

H. Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized insulation system 
with a maximum of 115 deg C rise above 40-deg C ambient temperature.
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I. Electrostatic Shielding: Each winding shall have an independent, single, full-width copper 
electrostatic shield arranged to minimize interwinding capacitance.

1. Arrange coil leads and terminal strips to minimize capacitive coupling between input 
and output terminals.

2. Include special terminal for grounding the shield.

J. Neutral: Rated 100% of phase conductors.

K. Fungus Proofing: Permanent fungicidal treatment for coil and core.

L. Low-Sound-Level Requirements: Maximum sound levels when factory tested according to 
IEEE C57.12.91.

2.4 IDENTIFICATION DEVICES

A. Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution 
transformer, mounted with corrosion-resistant screws. Nameplates and label products are 
specified in Section 260553 "Identification for Electrical Systems."

2.5 SOURCE QUALITY CONTROL

A. Test and inspect transformers according to IEEE C57.12.01 and IEEE C57.12.91.

1. Resistance measurements of all windings at the rated voltage connections and at all tap 
connections.

2. Ratio tests at the rated voltage connections and at all tap connections.
3. Phase relation and polarity tests at the rated voltage connections.
4. No load losses, and excitation current and rated voltage at the rated voltage 

connections.
5. Impedance and load losses at rated current and rated frequency at the rated voltage 

connections.
6. Applied and induced tensile tests.
7. Regulation and efficiency at rated load and voltage.
8. Insulation Resistance Tests:

a. High-voltage to ground.
b. Low-voltage to ground.
c. High-voltage to low-voltage.

9. Temperature tests.

B. Factory Sound-Level Tests: Conduct prototype sound-level tests on production-line products.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements 
for each transformer.

B. Verify that field measurements are as needed to maintain working clearances required by 
NFPA 70 and manufacturer's written instructions.

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 
transformers will be installed.

D. Verify that ground connections are in place and requirements in Section 260526 "Grounding 
and Bonding for Electrical Systems" have been met. Maximum ground resistance shall be 5 
ohms at location of transformer.

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

3.2 INSTALLATION

A. Install transformers level and plumb on a concrete base with vibration-dampening supports. 
Locate transformers away from corners and not parallel to adjacent wall surface.

B. Secure transformer to concrete base according to manufacturer's written instructions.

C. Secure covers to enclosure and tighten all bolts to manufacturer-recommended torques to 
reduce noise generation.

D. Remove shipping bolts, blocking, and wedges.

3.3 CONNECTIONS

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 
Systems."

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables."

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

D. Provide flexible connections at all conduit and conductor terminations and supports to 
eliminate sound and vibration transmission to the building structure.
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3.4 FIELD QUALITY CONTROL

A. Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS for 
dry-type, air-cooled, low-voltage transformers. Certify compliance with test parameters.

B. Remove and replace units that do not pass tests or inspections and retest as specified above.

C. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of 
transformer connections.  Perform scan in coordination with scan under section 260519 “Low 
Voltage Electrical Power Conductors”

D. Test Labeling: On completion of satisfactory testing of each unit, attach a dated and signed 
"Satisfactory Test" label to tested component.

3.5 ADJUSTING

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 
period. Adjust transformer taps to provide optimum voltage conditions at secondary 
terminals. Optimum is defined as not exceeding nameplate voltage plus 5 percent and not 
being lower than nameplate voltage minus 3 percent at maximum load conditions. Submit 
recording and tap settings as test results.

B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, 
plus or minus 5 percent, at secondary terminals.

C. Output Settings Report: Prepare a written report recording output voltage and tap settings.

3.6 CLEANING

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning.

END OF SECTION 262200
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SECTION 262416 PANELBOARDS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:
1. Lighting and appliance branch-circuit panelboards. 

1.3 DEFINITIONS

A. ATS: Acceptance testing specification.

B. GFCI: Ground-fault circuit interrupter.

C. MCCB: Molded-case circuit breaker.

D. SPD: Surge protective device.

1.4 ACTION SUBMITTALS

A. Product Data: For each type of panelboard.

1. Include materials, switching and overcurrent protective devices, SPDs, accessories, and 
components indicated.

2. Include dimensions and manufacturers' technical data on features, performance, 
electrical characteristics, ratings, and finishes.

B. Shop Drawings: For each panelboard and related equipment.

1. Include dimensioned plans, elevations, sections, and details.
2. Show tabulations of installed devices with nameplates, conductor termination sizes, 

equipment features, and ratings.
3. Detail enclosure types including mounting and anchorage, environmental protection, 

knockouts, corner treatments, covers and doors, gaskets, hinges, and locks.
4. Detail bus configuration, current, and voltage ratings.
5. Short-circuit current rating of panelboards and overcurrent protective devices.
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components.



FVHD-5015A2A / 5015L2 2:262416-2

7. Include wiring diagrams for power, signal, and control wiring.
8. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in panelboards. Submit on translucent log-log graft paper; 
include selectable ranges for each type of overcurrent protective device. Include an 
Internet link for electronic access to downloadable PDF of the coordination curves.

1.5 INFORMATIONAL SUBMITTALS

A. Qualification Data: For testing agency.

B. Panelboard Schedules: For installation in panelboards. 

1.6 CLOSEOUT SUBMITTALS

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

1. Manufacturer's written instructions for testing and adjusting overcurrent protective 
devices.

2. Time-current curves, including selectable ranges for each type of overcurrent protective 
device that allows adjustments.

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. Keys: Two spares for each type of panelboard cabinet lock.
2. Circuit Breakers Including GFCI Type: (1) spares for each type.

1.8 QUALITY ASSURANCE

A. Manufacturer Qualifications: ISO 9001 or 9002 certified.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Remove loose packing and flammable materials from inside panelboards; install temporary 
electric heating (250 W per panelboard) to prevent condensation when stored in 
unconditioned space.

B. Handle and prepare panelboards for installation according to NEMA PB 1.
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1.10 FIELD CONDITIONS

A. Environmental Limitations:

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet 
work in spaces is complete and dry, work above panelboards is complete, and 
temporary HVAC system is operating and maintaining ambient temperature and 
humidity conditions at occupancy levels during the remainder of the construction 
period.

2. Rate equipment for continuous operation under the following conditions unless 
otherwise indicated:

a. Ambient Temperature: Not exceeding 50 deg F (minus 10 deg C) to plus 90 deg F 
(plus 32 deg C).

b. Altitude: Not exceeding 3300 feet (1000 m).

B. Service Conditions: NEMA PB 1, usual service conditions, as follows:

1. Ambient temperatures within limits specified.
2. Altitude not exceeding 3300 feet (1000 m).

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

1. Notify Construction Manager/ Owner no fewer than 5 days in advance of proposed 
interruption of electric service.

2. Do not proceed with interruption of electric service without Construction 
Manager's/Owner's written permission.

3. Comply with NFPA 70E.

1.11 WARRANTY

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace panelboards that fail in 
materials or workmanship within specified warranty period.

1. Panelboard Warranty Period: 12 months from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 PANELBOARDS AND LOAD CENTERS COMMON REQUIREMENTS

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in 
Section 260548.16 "Seismic Controls for Electrical Systems."
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B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for 
panelboards including clearances between panelboards and adjacent surfaces and other items. 
Comply with indicated maximum dimensions.

C. 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.

D. Comply with NEMA PB 1.

E. Comply with NFPA 70.

F. Enclosures: Surface-mounted, dead-front cabinets.

1. Rated for environmental conditions at installed location.

a. Indoor Dry and Clean Locations: NEMA 250, Type 1.

2. Height: 84 inches (2.13 m) maximum.
3. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match 

box dimensions; for flush-mounted fronts, overlap box. Trims shall cover all live parts 
and shall have no exposed hardware.

4. Hinged Front Cover: Entire front trim hinged to box and with standard door within 
hinged trim cover. Trims shall cover all live parts and shall have no exposed hardware.

5. Finishes:

a. Panels and Trim: galvanized steel, factory finished immediately after cleaning and 
pretreating with manufacturer's standard two-coat, baked-on finish consisting of 
prime coat and thermosetting topcoat.

b. Back Boxes: Galvanized steel.
c. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective 

devices and other components.

G. Incoming Mains:

1. Location: Top or Bottom, contractor to coordinate.
2. Main Breaker: As specified on drawing and/or panel schedule.

H. Phase, Neutral, and Ground Buses:

1. Material:  Hard-drawn copper, 98 percent conductivity. Bus shall be fully rated the 
entire length

2. Interiors shall be factory assembled into a unit. Replacing switching and protective 
devices shall not disturb adjacent units or require removing the main bus connectors.

3. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding 
conductors; bonded to box.

4. Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance 
applications. Mount electrically isolated from enclosure. Do not mount neutral bus in 
gutter.
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I. Conductor Connectors: Suitable for use with conductor material and sizes.

1. Material: Hard-drawn copper, 98 percent conductivity.
2. Terminations shall allow use of 75 deg C rated conductors without derating.
3. Main and Neutral Lugs: Mechanical type, with a lug on the neutral bar for each pole in 

the panelboard.
4. Ground Lugs and Bus-Configured Terminators: Mechanical type, with a lug on the bar 

for each pole in the panelboard.

J. NRTL Label: Panelboards shall be labeled by an NRTL acceptable to authority having 
jurisdiction for use as service equipment with one or more main service disconnecting and 
overcurrent protective devices. 

K. Future Devices: Panelboards shall have mounting brackets, bus connections, filler plates, and 
necessary appurtenances required for future installation of devices.

1. Blank covers for future devices. Total panel capacity 42 circuits, unless otherwise 
indicated on drawings.

L. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit 
current available at terminals. Assembly listed by an NRTL for 100 percent interrupting 
capacity.

1. Panelboards and overcurrent protective devices rated 240 V or less shall have short-
circuit ratings as shown on Drawings, but not less than 10,000 A rms symmetrical.

2.2 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Panelboards shall withstand the effects of earthquake motions 
determined according to ASCE/SEI 7.

1. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified."

B. Surge Suppression: Factory installed as an integral part of indicated panelboards, complying 
with UL 1449 SPD Type 2.

2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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

1. Eaton.
2. General Electric Company; GE Energy Management - Electrical Distribution.
3. Siemens.
4. Cutler Hummer. 
5. Square-D/Schneider Electric.

http://www.specagent.com/Lookup?ulid=2037
http://www.specagent.com/Lookup?uid=123456977360
http://www.specagent.com/Lookup?uid=123456977385
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B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

C. Mains: Circuit breaker or Main Lug as indicated on drawings and/or panel schedule.

D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without 
disturbing adjacent units.

E. Doors: Door-in-door construction with concealed hinges; secured with multipoint latch with 
tumbler lock; keyed alike. Outer door shall permit full access to the panel interior. Inner door 
shall permit access to breaker operating handles and labeling, but current carrying terminals 
and bus shall remain concealed.

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

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

1. Eaton.
2. General Electric Company; GE Energy Management - Electrical Distribution.
3. Siemens.
4. Cutler Hummer.
5. Square-D/ Schneider Electric.

B. MCCB: Comply with UL 489, with interrupting capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers:

a. Inverse time-current element for low-level overloads.
b. Instantaneous magnetic trip element for short circuits.
c. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

2. GFCI Circuit Breakers: Single-pole configurations with Class A ground-fault protection (6-
mA trip).

3. MCCB Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.
b. Breaker handle indicates tripped status.
c. UL listed for reverse connection without restrictive line or load ratings.
d. Lugs: Mechanical style, suitable for number, size, trip ratings, and conductor 

materials.
e. Provide handle ties for all single phase circuits sharing a neutral

2.5 IDENTIFICATION

A. Panelboard Label: Manufacturer's name and trademark, voltage, amperage, number of 
phases, and number of poles shall be located on the interior of the panelboard door.

http://www.specagent.com/Lookup?ulid=2047
http://www.specagent.com/Lookup?uid=123456977375
http://www.specagent.com/Lookup?uid=123456977402
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B. Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and AIC 
rating.

C. Circuit Directory: Typed circuit directory mounted inside panelboard door with transparent 
plastic protective cover.  Provide revised directly if circuits change

2.6 ACCESSORY COMPONENTS AND FEATURES

A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective 
device test, inspection, maintenance, and operation.

B. Portable Test Set: For testing functions of solid-state trip devices without removing from 
panelboard. Include relay and meter test plugs suitable for testing panelboard meters and 
switchboard class relays.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify actual conditions with field measurements prior to ordering panelboards to verify that 
equipment fits in allocated space in, and comply with, minimum required clearances specified 
in NFPA 70.

B. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1.

C. Examine panelboards before installation. Reject panelboards that are damaged, rusted, or 
have been subjected to water saturation.

D. Examine elements and surfaces to receive panelboards for compliance with installation 
tolerances and other conditions affecting performance of the Work.

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

3.2 INSTALLATION

A. Coordinate layout and installation of panelboards and components with other construction 
that penetrates walls or is supported by them, including electrical and other types of 
equipment, raceways, piping, encumbrances to workspace clearance requirements, and 
adjacent surfaces. Maintain required workspace clearances and required clearances for 
equipment access doors and panels.

B. Comply with NECA 1.

C. Install panelboards and accessories according to NEMA PB 1.1.

D. Equipment Mounting:
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1. Attach panelboard to the vertical finished or structural surface behind the panelboard.
2. Comply with requirements for seismic control devices specified in Section 260548.16 

"Seismic Controls for Electrical Systems."

E. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic 
Controls for Electrical Systems."

F. Mount top of trim 72 inches (1829 mm) above finished floor unless otherwise indicated.

G. Mount panelboard cabinet plumb and rigid without distortion of box.

H. Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back 
box.

I. Mount surface-mounted panelboards to steel slotted supports 1 1/4 inch (32 mm) in depth. 
Orient steel slotted supports vertically.

J. Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges to lowest allowable setting given load 
characteristics.

2. Tighten bolted connections and circuit breaker connections using calibrated torque 
wrench or torque screwdriver per manufacturer's written instructions.

K. Make grounding connections and bond neutral for services and separately derived systems to 
ground. Make connections to grounding electrodes, separate grounds for isolated ground bars, 
and connections to separate ground bars.

L. Install filler plates in unused spaces.

M. Mount spare fuse cabinet in accessible location.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting wiring, and components; install warning 
signs complying with requirements in Section 260553 "Identification for Electrical Systems."

B. Create a directory to indicate installed circuit loads incorporate Owner's final room 
designations. Obtain approval before installing. Handwritten directories are not acceptable. 
Install directory inside panelboard door.

C. Panelboard Nameplates: Label each panelboard with a nameplate complying with 
requirements for identification specified in Section 260553 "Identification for Electrical 
Systems."

D. Install warning signs complying with requirements in Section 260553 "Identification for 
Electrical Systems" identifying source of remote circuit.
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3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, 
test, and adjust components, assemblies, and equipment installations, including connections.

B. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installations, including connections, 
and to assist in testing.

C. Acceptance Testing Preparation:

1. Test insulation resistance for each panelboard bus, component, connecting supply, 
feeder, and control circuit.

2. Test continuity of each circuit.

D. Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test for low-voltage circuit 
breakers and low-voltage surge arrestors stated in NETA ATS, Paragraph 7.6 Circuit 
Breakers and Paragraph 7.19.1 Surge Arrestors, Low-Voltage. Certify compliance with 
test parameters.

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest.

3. Perform the infrared scan tests and inspections as required in Section 260519 “Low 
Voltage Electrical Power Conductors and Cables.

E. Panelboards will be considered defective if they do not pass tests and inspections.

F. Prepare test and inspection reports, including a certified report that identifies panelboards 
included and that describes scanning results, with comparisons of the two scans. Include 
notation of deficiencies detected, remedial action taken, and observations after remedial 
action.

3.5 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.

B. Load Balancing: After Substantial Completion, but not more than 60 days after Final 
Acceptance, measure load balancing and make circuit changes. Prior to making circuit changes 
to achieve load balancing, inform Architect of effect on phase color coding.

1. Measure loads during period of normal facility operations.
2. Perform circuit changes to achieve load balancing outside normal facility operation 

schedule or at times directed by the Architect. Avoid disrupting services such as fax 
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machines and on-line data processing, computing, transmitting, and receiving 
equipment.

3. After changing circuits to achieve load balancing, recheck loads during normal facility 
operations. Record load readings before and after changing circuits to achieve load 
balancing.

4. Tolerance: Maximum difference between phase loads, within a panelboard, shall not 
exceed 10 percent.

5. Revise panel schedule and As-Built drawings to reflect changes made.

END OF SECTION 262416
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SECTION 262816 ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Fusible switches.
2. Enclosures.

1.3 DEFINITIONS

A. NC: Normally closed.

B. NO: Normally open.

C. SPDT: Single pole, double throw.

1.4 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of 
earthquake motions determined according to ASCE/SEI 7.

1. The term "withstand" means "the unit will remain in place without separation of any 
parts from the device when subjected to the seismic forces specified and the unit will be 
fully operational after the seismic event."

1.5 ACTION SUBMITTALS

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 
indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical 
data on features, performance, electrical characteristics, ratings, accessories, and finishes.

1. Enclosure types and details for types other than NEMA 250, Type 1.
2. Current and voltage ratings.
3. Short-circuit current ratings (interrupting and withstand, as appropriate).
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B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, 
details and attachments to other work.

1. Wiring Diagrams: For power, signal, and control wiring.

1.6 INFORMATIONAL SUBMITTALS

A. Qualification Data: For qualified testing agency.

B. Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and 
components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 
and describe mounting and anchorage provisions.

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

C. Field quality-control reports.

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to achieve test results that comply 

with requirements.

D. Manufacturer's field service report.

1.7 CLOSEOUT SUBMITTALS

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

1. Manufacturer's written instructions for testing and adjusting enclosed switches and 
circuit breakers.

2. Time-current coordination curves (average melt) for each type and rating of overcurrent 
protective device; include selectable ranges for each type of overcurrent protective 
device.

1.8 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. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 
three of each size and type.
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2. Fuse Pullers: 1 for each size and type.

1.9 QUALITY ASSURANCE

A. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 
devices, components, and accessories, within same product category, from single source from 
single manufacturer.

B. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 
and other items. Comply with indicated maximum dimensions.

C. 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.

D. Comply with NFPA 70.

1.10 PROJECT CONDITIONS

A. Environmental Limitations: Rate equipment for continuous operation under the following 
conditions unless otherwise indicated:

1. Ambient Temperature: Not less than 50 deg F (10 deg C) and not exceeding 86 deg F (30 
deg C).

2. Altitude: Not exceeding 3300 feet (1005 m).

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

1. Notify Construction Manager/Owner no fewer than 5 days in advance of proposed 
interruption of electric service.

2. Indicate method of providing temporary electric service.
3. Do not proceed with interruption of electric service without Construction 

Manager's/Owner's written permission.
4. Comply with NFPA 70E.

1.11 COORDINATION

A. Coordinate layout and installation of switches, circuit breakers, and components with 
equipment served and adjacent surfaces. Maintain required workspace clearances and 
required clearances for equipment access doors and panels.
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PART 2 - PRODUCTS

2.1 FUSIBLE SWITCHES

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

1. ABB Inc.
2. Eaton.
3. General Electric Company.
4. Square-D/Schneider Electric.
5. Siemens.

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 600 A and Smaller: UL 98 and NEMA KS 1, 
horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle 
with capability to accept three padlocks, and interlocked with cover in closed position.

C. Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum 
ground conductors.

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 
labeled for copper and aluminum neutral conductors.

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.
4. Lugs: Mechanical type, suitable for number, size, and conductor material.

2.2 ENCLOSURES

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to 
comply with environmental conditions at installed location.

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for 
compliance with installation tolerances and other conditions affecting performance of the 
Work.

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

http://www.specagent.com/Lookup?ulid=2151
http://www.specagent.com/Lookup?uid=123457038475
http://www.specagent.com/Lookup?uid=123456896220
http://www.specagent.com/Lookup?uid=123456896221
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3.2 INSTALLATION

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height 
unless otherwise indicated.

B. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic 
Controls for Electrical Systems."

C. Install fuses in fusible devices.

D. Comply with NECA 1.

3.3 IDENTIFICATION

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

1. Identify field-installed conductors, interconnecting wiring, and components; provide 
warning signs.

2. Label each enclosure with engraved metal or laminated-plastic nameplate.

3.4 FIELD QUALITY CONTROL

A. Acceptance Testing Preparation:

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 
connecting supply, feeder, and control circuit.

2. Test continuity of each circuit.

B. Tests and Inspections:

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

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, replace with new units and retest.

3. Perform the following infrared scan tests and inspections and prepare reports:

a. Provide Infrared Scanning: After Substantial Completion, but not more than 60 
days after Final Acceptance, perform an infrared scan of each enclosed switch and 
circuit breaker. Remove front panels so joints and connections are accessible to 
portable scanner.

b. Instruments and Equipment: Use an infrared scanning device designed to 
measure temperature or to detect significant deviations from normal values. 
Provide calibration record for device.

4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 
malfunctioning controls and equipment.
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C. Enclosed switches and circuit breakers will be considered defective if they do not pass tests 
and inspections.

D. Prepare test and inspection reports, including a certified report that identifies enclosed 
switches and circuit breakers and that describes scanning results. Include notation of 
deficiencies detected, remedial action taken, and observations after remedial action.

3.5 ADJUSTING

A. Adjust moving parts and operable components to function smoothly, and lubricate as 
recommended by manufacturer.

END OF SECTION 262816




