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SECTION 260513 - MEDIUM-VOLTAGE CABLES

PART 1 - GENERAL

1.1

A.

1.2

A.

1.3

A.

B.

C.

SUMMARY
Section Includes:

Cables.

Connectors.

Solid terminations.

Separable insulated connectors.
Splice kits.

Medium-voltage tapes.
Arc-proofing materials.

Fault indicators.

PNAN R DD =

ACTION SUBMITTALS

Product .Data: For each type of cable. Include splices and terminations for cables and cable
accessories.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Indicate location of each cable, splice, and termination.

Material Certificates: For each type of cable and accessory.

Design Data: Cable pulling calculations, including conduit size and fill percentage, pulling

tensions, cable sidewall pressure, jam probability, voltage drop, and ground wire sizing for each
cable.

PART 2 - PRODUCTS

2.1

A.

B.

C.

SYSTEM DESCRIPTION

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.

Comply with IEEE C2 and NFPA 70.

Source Limitations: Obtain cables and accessories from single source from single manufacturer.
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2.2

23

CABLES

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

Prysmian

Southwire

Okonite

Superior Essex

General Cable Co, or equivalent

Nk =

Cable Type: Type MV 105.
Conductor Insulation: Ethylene-propylene rubber.

1. Voltage Rating: 15 kV.
2. Insulation Thickness: 133 percent insulation level.

Conductor: Copper

Comply with UL 1072, AEIC CS8, ICEA S-93-639/NEMA WC 74, and ICEA S-97-682
Conductor Stranding Compact round, concentric lay, Class B

Shielding: Copper tape, helically applied over semiconducting insulation shield.

Shielding and Jacket: Corrugated copper drain wires embedded in extruded, chlorinated,
polyethylene jacket.

SPLICES AND TERMINATIONS

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

following:

1. 3M

2. Cooper Power Systems
3. Elastimold

4. Hubbell

5. Raychem

Connectors for splices and lugs for terminations shall be compatible with the cable and terminal,
compression type rated for 15000volts, and installed per manufacturer’s requirements.
1. Separable multiway splice system with all components for the required splice configuration.

PART 3 - EXECUTION

3.1

A.

INSTALLATION

Install cables according to IEEE 576.
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Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inches on
the pull rope.

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes. If
an obstruction is felt, pull the brush back and forth repeatedly to break up the obstruction.

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the
conduit inner diameter on a length of steel cable with an eye on each end for attaching the
pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the duct.

Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and
sidewall pressure values.

1. Where necessary, use manufacturer-approved pulling compound or lubricant that does not
deteriorate conductor or insulation.

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that do
not damage cables and raceways. Do not use rope hitches for pulling attachment to cable.

3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables during
installation.

4. Do not pull cables with ends unsealed. Seal cable ends with rubber tape.

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

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

In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls by
the longest route from entry to exit; support cables at intervals adequate to prevent sag.

Install sufficient cable length to remove cable ends under pulling grips. Remove length of
conductor damaged during pulling.

Install cable splices at pull points and elsewhere as indicated; use standard kits. Use dead-front
separable watertight connectors in manholes and other locations subject to water infiltration,

Install terminations at ends of conductors, and seal multiconductor cable ends with standard kits.
Identify cables according to Section 260553 "Identification for Electrical Systems." Identify phase
and circuit number of each conductor at each splice, termination, pull point, and junction box.
Arrange identification so that it is unnecessary to move the cable or conductor to read the
identification.

FIELD QUALITY CONTROL

Tests and Inspections:

MEDIUM-VOLTAGE CABLES 260513 -3



1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS.

Certify compliance with test parameters.
2. After installing medium-voltage cables and before electrical circuitry has been energized,

test for compliance with requirements.

B.  Medium-voltage cables will be considered defective if they do not pass tests and inspections.

C.  Prepare test and inspection reports.

END OF SECTION 260513
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART I - GENERAL

1.1

A.

B.

1.2

A.

B.

SUMMARY

Section Includes:

1. Copper building wire.

2. Metal-clad cable, Type MC.

3. Fire-alarm wire and cable.

4. Connectors and splices.

Related Requirements:

1. Section 260513 "Medium-Voltage Cables" for single-conductor and multiconductor cables,
cable splices, and terminations for electrical distribution systems with 601 to 35 000 V.

2. Section 271513 "Communications Copper Horizontal Cabling" for twisted pair cabling used

for data circuits.

ACTION SUBMITTALS

Product Data:

1. Copper building wire.

2. Metal-clad cable, Type MC.

3. Connectors and splices.

Product Schedule: Indicate type, use, location, and termination locations.

PART 2 - PRODUCTS

2.1

A.

B.

C.

COPPER BUILDING WIRE

Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an
overall insulation layer or jacket, or both, rated 600 V or less.

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

2. Southwire

3. United Wire & Cable

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

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for
stranded conductors.

Conductor Insulation:
1. Type THHN and Type THWN-2. Comply with UL §3.
METAL-CLAD CABLE, TYPE MC

Description: A factory assembly of one or more current-carrying insulated conductors in an overall
metallic sheath.

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

2. Encore Wire
3. Southwire
Standards:

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

2. Comply with UL 1569.

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Circuits:

L. Single circuit and multi-circuit with color-coded conductors. Multi-circuit to provide
separate neutrals.

Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8 for
stranded conductors

Ground Conductor: Insulated.
Conductor Insulation:

1. Type TFN/THHN/THWN-2. Comply with UL 83.

CONNECTORS AND SPLICES

Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type,
and class for application and service indicated; listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and use.
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B.

C.

D.

Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. 3M

2. ABB

3. Hubbell

4. ILSCO

Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set screws,
designed to connect conductors specified in this Section.

Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
1. Material: Copper

Type: One hole with standard barrels.
3. Termination: Compression

PART 3 - EXECUTION

3.1

32

A.

B.

A.

CONDUCTOR MATERIAL APPLICATIONS
Feeders:

1. Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Branch Circuits:

1. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Service Entrance: Type THHN/THWN-2, single conductors in raceway
Exposed Feeders: Type THHN/THWN-2, single conductors in raceway

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN/THWN-2, single
conductors in raceway.

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN/THWN-2,
single conductors in raceway.

Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors in
raceway

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single
conductors in raceway or Metal-clad cable, Type MC. Type MC cable is permitted for wiring the
final portion of light fixture branch circuits from fixture to fixture within a room or area. The MC
cable may be supported by the light fixture bracing wires but shall not be supported by
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3.4

3.5

the ceiling grid support wires. Type MC cable is permitted for wiring from local distribution
junction boxes to devices or equipment in nearby walls or ceiling space. The local distribution
junction boxes should be located within 20 feet of the device or equipment served. Conduit and
wiring shall be used for branch circuiting between the local distribution junction boxes and for the
"homeruns" from the panels. Type MC cable is permitted to route from receptacle to receptacle
through walls and through the ceiling space for the final portion of branch circuit wiring between
receptacles in adjacent walls of the same room or area. Type MC cable shall not be installed where
exposed

INSTALLATION, GENERAL

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

Complete raceway installation between conductor and cable termination points in accordance with
Section 260533.13 "Conduits for Electrical Systems" prior to pulling conductors and cables.

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.

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

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

Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."
Complete cable tray systems installation according to Section 260536 "Cable Trays for Electrical
Systems" prior to installing conductors and cables.

CONNECTIONS

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.

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.

Wiring at Outlets: Install conductor at each outlet, with at least 12 inches of slack.

IDENTIFICATION

Identify and color-code conductors and cables according to Section 260553 "Identification for
Electrical Systems."
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B.  Identify each spare conductor at each end with identity number and location of other end of
conductor and identify as spare conductor.

3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

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

3.7 FIRESTOPPING

A.  Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly according to Section 078413 "Penetration Firestopping."

END OF SECTION 260519
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART 1 - GENERAL

1.1

A.

1.2

A.

1.3

A.

B.

SUMMARY

Section Includes:
1. Fire-alarm wire and cable.

ACTION SUBMITTALS

Product Data:

1. Fire-alarm wire and cable.
INFORMATIONAL SUBMITTALS
Source quality-control reports.

Field quality-control reports.

PART 2 - PRODUCTS

2.1

A.

D.

PERFORMANCE REQUIREMENTS

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.

Flame Travel and Smoke Density in Plenums: As determined by testing identical products according
to NFPA 262, by a qualified testing agency. Identify products for installation in plenums with
appropriate markings of applicable testing agency.

1. Flame Travel Distance: 60 inch (1520 mm) or less.
2. Peak Optical Smoke Density: 0.5 or less.
3. Average Optical Smoke Density: 0.15 or less.

Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by
testing identical products according to UL 1666.

Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building
Spaces: As determined by testing identical products according to UL 1685.
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A.

B.

C.

23

A.

B.

C.

D.

FIRE-ALARM WIRE AND CABLE

General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70,
Article 760.

Signaling Line Circuits: Twisted, shielded pair, not less than size as recommended by system
manufacturer.

1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760, Classification CI, for
power-limited fire-alarm signal service Type FPL. NRTL listed and labeled as complying with
UL 1424 and UL 2196 for a two-hour rating.

Non-Power-Limited Circuits: Solid-copper conductors with 600 V rated, 75 deg C, color-coded
insulation, and complying with requirements in UL 2196 for a two-hour rating.

1. Control-Voltage Circuits: No. 16 AWG, minimum, in pathway.

2. Low-Voltage Circuits: No. 12 AWG, minimum, in pathway.
SOURCE QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to evaluate cables.
Factory test twisted pair cables according to TIA-568-C.2.

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

Prepare test and inspection reports.

PART 3 - EXECUTION

3.1

A.

32

A.

B.

EXAMINATION
Test cables on receipt at Project site.

1. Test each pair of twisted pair cable for open and short circuits.

INSTALLATION OF RACEWAYS AND BOXES

Comply with requirements in Section 260533.13 "Conduits for Electrical Systems" for raceway
selection and installation requirements for conduits as supplemented or modified in this Section.

Comply with requirements in Section 260533.16 "Boxes and Covers for Electrical Systems" for
raceway selection and installation requirements for boxes as supplemented or modified in this Section.

1. Outlet boxes for cables must be no smaller than 4 inch square by 2-1/8 inch deep with
extension ring sized to bring edge of ring to within 1/8 inch of the finished wall surface.
2. Flexible metal conduit must not be used.
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C. Comply with TIA-569-D for pull-box sizing and length of conduit and number of bends between pull
points.

D.  Install manufactured conduit sweeps and long-radius elbows if possible.
E. Raceway Installation in Equipment Rooms:
L. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is

installed, or in the corner of the room if multiple sheets of plywood are installed around
perimeter walls of the room.

2. Install cable trays to route cables if conduits cannot be located in these positions.
3. Secure conduits to backboard if entering the room from overhead.
4. Extend conduits 3 inch above finished floor.
5. Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.
33 INSTALLATION OF CONDUCTORS AND CABLES

A.  Comply with NECA 1.
B. General Requirements for Cabling:

1. Comply with TIA-568-C Series of standards.
2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."

3. Terminate all conductors; cable must not contain unterminated elements. Make terminations
only at indicated outlets, terminals, and cross-connect and patch panels.

4, Cables may not be spliced and must be continuous from terminal to terminal. Do not splice
cable between termination, tap, or junction points.

5. Cables serving a common system may be grouped in a common raceway. Install network

cabling and control wiring and cable in separate raceway from power wiring. Do not group
conductors from different systems or different voltages.

6. Secure and support cables at intervals not exceeding 30 inch and not more than 6 inch from
cabinets, boxes, fittings, outlets, racks, frames, and terminals.
7. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's

limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper
Structured Cabling Systems." Install lacing bars and distribution spools.

8. Do not install bruised, kinked, scored, deformed, or abraded cable. Remove and discard cable if
damaged during installation and replace it with new cable.
9. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use heat

lamps for heating.

10.  Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems."
Monitor cable pull tensions.

11.  Support: Do not allow cables to lie on removable ceiling tiles.

12.  Secure: Fasten securely in place with hardware specifically designed and installed so as to not
damage cables.

13.  Provide strain relief.

14.  Keep runs short. Allow extra length for connecting to terminals. Do not bend cables in a radius
less than 10 times the cable OD. Use sleeves or grommets to protect cables from vibration at
points where they pass around sharp corners and through penetrations.
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15.  Ground wire must be copper, and grounding methods must comply with IEEE C2. Demonstrate
ground resistance.

3.4 REMOVAL OF CONDUCTORS AND CABLES
A.  Remove abandoned conductors and cables. Abandoned conductors and cables are those installed that
are not terminated at equipment and are not identified with a tag for future use.
3.5 FIRESTOPPING
A.  Comply with requirements in Section 078413 "Penetration Firestopping."
B. Comply with TIA-569-D, Annex A, "Firestopping."

C. Comply with BICSI TDMM, "Firestopping" Chapter.

3.6 IDENTIFICATION
A.  Comply with requirements for identification specified in Section 260553 "Identification for Electrical
Systems."
B. Identify data and communications system components, wiring, and cabling according to TIA-606-B;

label printers must use label stocks, laminating adhesives, and inks complying with UL 969.
C. Identify each wire on each end and at each terminal with a number-coded identification tag. Each wire
must have a unique tag.
3.7 FIELD QUALITY CONTROL
A.  Tests and Inspections:
1. Visually inspect cable jacket materials for UL or third-party certification markings. Inspect

cabling terminations to confirm color-coding for pin assignments, and inspect cabling
connections to confirm compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and
patch cords, and labeling of all components.
3. Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and polarity

between conductors. Test operation of shorting bars in connection blocks. Test cables after
termination, but not after cross-connection.

a. Test instruments must meet or exceed applicable requirements in TIA-568-C.2. Perform
tests with a tester that complies with performance requirements in its "Test Instruments
(Normative)" Annex, complying with measurement accuracy specified in its
"Measurement Accuracy (Informative)" Annex. Use only test cords and adapters that
are qualified by test equipment manufacturer for channel or link test configuration.
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B. Document data for each measurement. Print data for submittals in a summary report that is formatted
using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the
computer, save as text files, print, and submit.

C.  End-to-end cabling will be considered defective if it does not pass tests and inspections.

D.  Prepare test and inspection reports.

END OF SECTION 260523
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SECTION 260526 — GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1- GENERAL

1.1 SUMMARY
A. Section Includes:

1. Grounding and bonding conductors.
2. Grounding and bonding clamps.
3. Grounding and bonding bushings.
4. Grounding and bonding hubs.
5. Grounding and bonding connectors.
6. Intersystem bonding bridge grounding connector.
7. Grounding and bonding busbars.
8. Signal reference grids.
9. Grounding (earthing) electrodes.

1.2 ACTION SUBMITTALS
A. Product Data:

1. For each type of product indicated.

PART 2 - PRODUCTS

2.1 GROUNDING AND BONDING CONDUCTORS
A. Equipment Grounding Conductor:

1. General Characteristics: 600 V, THHN/THWN-2, copper wire or cable, green color, in accordance with
Section 260519 "Low-Voltage Electrical Power Conductors and Cables."

B. Isolated Equipment Grounding Conductor:
1. General Characteristics: 600 V, THHN/THWN-2, copper wire or cable, green color with one or more
yellow stripes, in accordance with Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."
C. ASTM - Bare Copper Grounding and Bonding Conductor:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that

may be incorporated into the Work include, but are not limited to the following:

a. Anderson; brand of Hubbell.
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b. ERICO; brand of nVent Electrical plec.
c. Harger Lightning & Grounding; business of Harger Inc.

2. Referenced Standards: Complying with one or more of the following:
a. Soft or Annealed Copper Wire: ASTM B3
b. Concentric-Lay Stranded Copper Conductor: ASTM BS.
c. Tin-Coated Soft or Annealed Copper Wire: ASTM B33.
d. 19-Wire Combination Unilay-Stranded Copper Conductor: ASTM B787/B787M.

GROUNDING AND BONDING CLAMPS

Description: Clamps suitable for attachment of grounding and bonding conductors to grounding electrodes,
pipes, tubing, and rebar. Grounding and bonding clamps specified in this article are also suitable for use with
communications applications; see Section 270526 "Grounding and Bonding for Communications Systems," for
selection and installation guidelines.

Source Limitations: Obtain products from single manufacturer.

Performance Criteria:

1. Regulatory Requirements:

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory
recognized by authorities having jurisdiction, and marked for intended location and application.

2. Listing Criteria:

a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
b. Grounding and Bonding Equipment for Communications: UL CCN KDSH; including UL 467.

UL KDER and KDSH - Hex-Fitting-Type Pipe and Rod Grounding and Bonding Clamp:

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

a. Cooper B-Ling; brand of Eaton, Electrical Sector

b. Crouse-Hinds; brand of Eaton, Electrical Sector

c. ERICO; brand of nVent Electrical plc

d. Harger Lightning & Grounding; business of Harger Inc.

e. ILSCO

f. 0-Z/Gednev; brand of Emerson Electric Co., Automation Solutions, Appleton Group
2. General Characteristics:

a. Two pieces with zinc-plated bolts.

b. Clamp Material: Silicon bronze.

c. Listed for outdoor use.
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UL KDER - Exothermically Welded Connection
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that
may be incorporated into the Work include, but are not limited to the following:
a. Burndy; brand of Hubbell Electrical Solutions, Hubbell Incorporated
b. Crouse-Hinds; brand of Eaton, Electrical Sector
c. ERICO; brand of nVent Electrical plc
d Harger Lightning & Grounding; business of Harger Inc.

2. General Characteristics: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.

GROUNDING AND BONDING BUSHINGS

Description: Bonding bushings connect conduit fittings, tubing fittings, threaded metal conduit, and unthreaded
metal conduit to metal boxes and equipment enclosures and have one or more bonding screws intended to
provide electrical continuity between bushing and enclosure. Grounding bushings have provision for connection
of bonding or grounding conductor and may or may not also have bonding screws.

Source Limitations: Obtain products from single manufacturer.
Performance Criteria:
1. Regulatory Requirements:

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory
recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria:
a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.

UL KDER - Bonding Bushing
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that
may be incorporated into the Work include, but are not limited to the following:
a. Crouse-Hinds; brand of Eaton, Electrical Sector
b. Killark; brand of Hubbell Electrical Solutions; Hubbell Incoporated
c. 0-Z/Gednev; brand of Emerson Electric Co., Automation Solutions, Appleton Group
2. General Characteristics: Threaded bushing with insulated throat.

UL KDER - Grounding Bushing

1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that
may be incorporated into the Work include, but are not limited to the following:
a. Crouse-Hinds; brand of Eaton, Electrical Sector
b. Killark; brand of Hubbell Electrical Solutions; Hubbell Incoporated
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c. 0-Z/Gednev; brand of Emerson Electric Co., Automation Solutions, Appleton Group
2. General Characteristics: Threaded bushing with insulated throat and mechanical-type wire terminal.
24 GROUNDING ELECTRODES

A. Description: Grounding electrodes include rod electrodes, ring electrodes, metal underground water pipes, metal
building frames, concrete-encased electrodes, and pipe and plate electrodes.

B. Source Limitations: Obtain products from single manufacturer.
C. Performance Criteria:
1. Regulatory Requirements:

a. Listed and labeled in accordance with NFPA 70, by qualified electrical testing laboratory
recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria:
a. Grounding and Bonding Equipment: UL CCN KDER; including UL 467.
D. UL KDER - Rod Electrode:
L. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
a. Continental Industries; brand of Hubbell Utility Solutions; Hubbell Incorporated.
b. ERICO; brand of nVent Electrical plc.

c. Harger Lightning & Grounding; business of Harger, Inc.

2. General Characteristics: Copper-clad steel; 3/4 inch by 10 ft

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine facility's grounding electrode system and equipment grounding for compliance with requirements for
maximum ground-resistance level and other conditions affecting performance of grounding and bonding of

electrical system.

B. Inspect test results of grounding system measured at point of electrical service equipment connection.

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
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Proceed with connection of electrical service equipment only after unsatisfactory conditions have been corrected.

SELECTION OF GROUNDING AND BONDING CONDUCTORS

Conductors: Install solid conductor for 8§ AWG and smaller, and stranded conductors for 6 AWG and larger
unless otherwise indicated.

Custom-Length Insulated Equipment Bonding Jumpers: 6 AWG, 19-strand, Type THHN.

Bonding Conductor: 4 AWG or 6 AWG, stranded conductor.

SELECTION OF CONNECTORS

Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
2. Connections to Structural Steel: Welded connectors.
INSTALLATION

Comply with manufacturer's published instructions.
Reference Standards:

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

2. Consult Architect for resolution of conflicting requirements.
Special Techniques:
1. Conductors:
a. 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.
2. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. Select

connectors, connection hardware, conductors, and connection methods so metals in direct contact are
galvanically compatible.

a. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make contact
points closer in order of galvanic series.
b. Make connections with clean, bare metal at points of contact.
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c. Make aluminum-to-steel connections with stainless steel separators and mechanical clamps.

d. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and mechanical
clamps.

e. Coat and seal connections having dissimilar metals with inert material to prevent future
penetration of moisture to contact surfaces.

f 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
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 disconnect-type connection is
required, use bolted clamp.

g Grounding and Bonding for Piping:

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

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

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

h. 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.

3. Electrodes:

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

1) Interconnect ground rods with grounding electrode conductor below grade and as
otherwise indicated. Make connections without exposing steel or damaging coating if any.
2) Use exothermic welds for below-grade connections.

4. Grounding at Service:

a. Equipment grounding conductors and grounding electrode conductors must be connected to
ground bus. Install main bonding jumper between neutral and ground buses.
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b. Generator: Install grounding electrode(s) at generator location. Electrode must be connected to
equipment grounding conductor and to frame of generator.

5. Equipment Grounding:

a. Install insulated equipment grounding conductors with feeders and branch circuits.
b. Install insulated equipment grounding conductors with the following items, in addition to those
required by NFPA 70:

1) Feeders and branch circuits.

2) Lighting circuits.

3) Receptacle circuits.

4) Single-phase motor and appliance branch circuits.
5) Three-phase motor and appliance branch circuits.
0) Flexible raceway runs.

7) Metal-clad cable runs.

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

d. Isolated Grounding Receptacle Circuits: Install insulated equipment grounding conductor
connected to receptacle grounding terminal. Isolate conductor from raceway and from panelboard
grounding terminals. Terminate at equipment grounding conductor terminal of applicable derived
system or service unless otherwise indicated.

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

35 PROTECTION

A. After installation, protect grounding and bonding cables and equipment from construction activities. Remove and
replace items that are contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to
acceptance by Owner.

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

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Support, anchorage, and attachment components.
2. Fabricated metal equipment support assemblies.

B.  Related Requirements:

1.2 ACTION SUBMITTALS
A. Product Data:

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

a. Slotted support systems, hardware, and accessories.
b. Clamps.
c. Hangers.
d. Fasteners.
e. Anchors.
f.
2. Include rated capacities and furnished specialties and accessories.
B. Shop Drawings: Signed and sealed by a qualified professional engineer. For fabrication and

installation details for electrical hangers and support systems.
L. Hangers. Include product data for components.

2. Slotted support systems.

3. Equipment supports.

C.  Delegated Design Submittals: For hangers and supports for electrical systems.

1. Include design calculations and details of hangers.
2. Include design calculations for seismic restraints.
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PART 2 - PRODUCTS

2.1

A.

2.2

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified structural professional engineer to design hanger and
support system.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32 inch
diameter holes at a maximum of 8 inch on center in at least one surface.

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

a. CADDY; brand of nVent Electrical plc.
b. Cooper B-line; brand of Eaton, Electrical Sector.

c. Unistrut; Atkore International.
2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
3. Material for Channel, Fittings, and Accessories: Galvanized steel

4. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.

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

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

Structural Steel for Fabricated Supports and Restraints: ASTM A36/A36M steel plates, shapes,
and bars; black and galvanized.

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

1. 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:

1) Cooper B-line; brand of Eaton, Electrical Sector.
2) Empire Industries, Inc.
3) Hilti, Inc.
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A.

B.

2. 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.

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

4. Through Bolts: Structural type, hex head, and high strength. Comply with
ASTM F3125/F3125M, Grade A325.

5. Toggle Bolts: All steel springhead type.

6. Hanger Rods: Threaded steel.

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

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

PART 3 - EXECUTION

3.1

A.

SELECTION

Comply with the following standards for selection and installation of hangers and supports, except
where requirements on Drawings or in this Section are stricter:

1. NECA NEIS 101

Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies.

Comply with requirements for raceways specified in Section 260533.13 "Conduits for Electrical
Systems."

Comply with requirements for boxes specified in Section 260533.16 "Boxes and Covers for
Electrical Systems."

Provide seismic controls with hangers and supports in accordance with requirements specified in
"Section 260548 "Vibration and Seismic Controls for Electrical Systems."

Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for
EMT, IMC, and ERMC as required by NFPA 70. Minimum rod size must be 1/4 inch in diameter.

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 two-bolt conduit clamps, single-bolt
conduit clamps, or single-bolt conduit clamps using spring friction action for retention in
support channel.
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3.3

INSTALLATION OF SUPPORTS
Comply with NECA NEIS 101 for installation requirements except as specified in this article.

Raceway Support Methods: In addition to methods described in NECA NEIS 1, EMT may be
supported by openings through structure members, in accordance with NFPA 70.

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 must be weight of supported components plus
200 1b

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.

To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor

fasteners on solid masonry units.

To Existing Concrete: Expansion anchor fasteners.

4, Instead of expansion anchors, powder-actuated driven threaded studs provided with lock
washers and nuts may be used in existing standard-weight concrete 4 inch thick or greater.
Do not use for anchorage to lightweight-aggregate concrete or for slabs less than 4 inch

hed

thick.

5. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with MSS SP-
69

6. To Light Steel: Sheet metal screws.

7. 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.

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

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

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

Field Welding: Comply with AWS D1.1/D1.1M. Submit welding certificates.

END OF SECTION 260529
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SECTION 260533.13 - CONDUITS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

13

A.

SUMMARY

Section Includes:

i A e

0.
.

Type EMT-S duct raceways and elbows.

Type ENT duct raceways and fittings.

Type HDPE duct raceways and fittings.

Type ERMC-S duct raceways, elbows, couplings, and nipples.
Type FMC-S duct raceways.

Type FMT duct raceways.

Type LENC duct raceways.

Type PVC duct raceways and fittings.

Fittings for conduit, tubing, and cable.

Electrically conductive corrosion-resistant compounds for threaded conduit.
Solvent cements.

Products Installed, but Not Furnished, under This Section:

L.

See Section 260553 "Identification for Electrical Systems" for electrical equipment labels.

Related Requirements:
.

Section 260519 "Low-Voltage for Electrical Power Conductors and Cables" for nonmetallic underground
conduit with conductors (Type NUCC).

2. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior duct banks,
manholes, and underground utility construction.
DEFINITIONS

Conduit: A structure containing one or more duct raceways.

Duct Raceway: A single enclosed raceway for conductors or cable.

Duct Bank: An arrangement of conduit providing one or more continuous duct raceways between two points.

ACTION SUBMITTALS

Product Data:
1.

2
3
4

Type EMT-S duct raceways and elbows.

Type ENT duct raceways and fittings.

Type HDPE and Type EPEC duct raceways and fittings.

Type ERMC-S duct raceways, elbows, couplings, and nipples.
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Type FMC-S duct raceways.

Type FMT duct raceways.

Type LENC duct raceways.

Type PVC duct raceways and fittings.

Fittings for conduit, tubing, and cable.

Electrically conductive corrosion-resistant compounds for threaded conduit.
Solvent cements.

i

—_O

PART 2 - PRODUCTS

2.1 TYPE EMT-S DUCT RACEWAYS AND ELBOWS
A. Performance Criteria:
1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN FIMX; including UL 797.

B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

C. UL FIMX - Steel Electrical Metal Tubing (EMT-S) and Elbows:
1. Material: Steel.

2. Options:
a. Exterior Coating: Zinc
b. Interior Coating: Zinc
c. Minimum Trade Size: trade size 3/4.
22 TYPE ENT DUCT RACEWAYS AND FITTINGS
A. Performance Criteria:

L. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.
2. Listing Criteria: UL CCN FKHU; including UL 1653.

B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.
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UL FKHU - Electrical Nonmetallic Tubing (ENT) and Fittings:

1. Options:
a. Minimum Trade Size: trade size 3/4".
b. Fittings:

1) Mechanically Attached Fittings: UL 1653.
2) Solvent-Attached Fittings: UL 651.
TYPE HDPE AND TYPE EPEC DUCT RACEWAYS AND FITTINGS
Performance Criteria:
1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN EAZX; including UL 651A.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

UL EAZX - Schedule 40 Electrical HDPE Underground Conduit (HDPE-40):

1. Dimensional Specifications: Schedule 40.
2. Options:
a. Minimum Trade Size: trade size 3/4".

UL EAZX - Schedule 80 Electrical HDPE Underground Conduit (HDPE-80):

1. Dimensional Specifications: Schedule 80.
2. Options:
a. Minimum Trade Size: trade size 3/4".

TYPE ERMC-S DUCT RACEWAYS, ELBOWS, COUPLINGS, AND NIPPLES

Performance Criteria:

L. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN DYIX;; including UL 6.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.
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2.6

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

UL DYIX - Galvanized-Steel Electrical Rigid Metal Conduit (ERMC-S-G), Elbows, Couplings, and Nipples:

1. Exterior Coating: Zinc.
2. Options:
a. Interior Coating Zinc
b. Minimum Trade Size: trade size 3/4".

UL DYIX - PVC-Coated-Steel Electrical Rigid Metal Conduit (ERMC-S-PVC), Elbows, Couplings, and Nipples:
1. Options:

Exterior Coating: PVC complying with NEMA RN 1.

Interior Coating: Zinc

Minimum Trade Size: trade size 3/4".

Conduit Fittings for Hazardous (Classified) Locations: UL 1203.
Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.

a0 o

TYPE FMC-S DUCT RACEWAYS
Performance Criteria:
1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing

laboratory recognized by authorities having jurisdiction and marked for intended location and application.
2. Listing Criteria: UL CCN DXUZ; including UL 1.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. operating instructions for product.

UL DXUZ - Steel Flexible Metal Conduit (FMC-S):
1. Material: Steel.

2. Options:
a. Minimum Trade Size: trade size 3/4".
TYPE FMT DUCT RACEWAYS

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.
2. Listing Criteria: UL CCN ILJW; including UL Subject 1652.
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Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

UL ILJW - Steel Flexible Metallic Tubing (FMT):

1. Options:
a. Minimum Trade Size: trade size 3/4".
TYPE LENC DUCT RACEWAYS

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN DXOQ); including UL 1660.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

UL DXOQ - Layered (Type A) Liquidtight Flexible Nonmetallic Conduit (LFNC-A):

1. Additional Criteria: Type A conduit with smooth seamless inner core and cover bonded together with one
or more reinforcement layers between core and cover.

2. Options:
a. Minimum Trade Size: trade size 3/4".

UL DXOQ - Integral (Type B) Liquidtight Flexible Nonmetallic Conduit (LFNC-B):

1. Additional Criteria: Type B conduit with smooth inner surface with integral reinforcement within conduit
wall.

2. Options:
a. Minimum Trade Size: trade size 3/4".

UL DXOQ - Corrugated (Type C) Liquidtight Flexible Nonmetallic Conduit (LENC-C):

1. Additional Criteria: Type C conduit with corrugated internal and external surfaces without integral
reinforcement within conduit wall.

2. Options:
a. Minimum Trade Size: trade size 3/4".
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2.8 TYPE PVC DUCT RACEWAYS AND FITTINGS
A. Performance Criteria:
1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN DZYR,; including UL 651.

B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

C. UL DZYR - Schedule 40 Rigid PVC Conduit (PVC-40) and Fittings:

1. Dimensional Specifications: Schedule 40.
2. Options:
a. Minimum Trade Size: trade size 3/4".

D. UL DZYR - Schedule 80 Rigid PVC Conduit (PVC-80) and Fittings:
1. Dimensional Specifications: Schedule 80.
2. Options:

a. Minimum Trade Size: trade size 3/4".

29 FITTINGS FOR CONDUIT, TUBING, AND CABLE
A. Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

C. UL DWTT - Fittings for Type ERMC, Type PVC, Type HDPE, Duct Raceways:
1. Listing Criteria: UL CCN DWTT; including UL 514B.

2. Options:
a. Material: Steel or Die cast.
b. Coupling Method: Compression coupling, Raintight compression coupling with distinctive color
gland nut or Setscrew coupling. Setscrew couplings with only single screw per conduit are
unacceptable
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2.10

2.11

c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.

UL FKAV - Fittings for Type EMT Duct Raceways:
1. Listing Criteria: UL CCN FKAV; including UL 514B.

2. Options:
a. Material: Steel or Die cast.
b. Coupling Method: Compression coupling, Raintight compression coupling with distinctive color
gland nut or Setscrew coupling. Setscrew couplings with only single screw per conduit are
unacceptable.

c. Expansion and Deflection Fittings: UL 651 with flexible bonding jumper.

UL ILNR - Fittings for Type FMC Duct Raceways:
1. Listing Criteria: UL CCN ILNR; including UL 514B.

UL DXAS - Fittings for Type LFNC Duct Raceways:

1. Listing Criteria: UL CCN DXAS; including UL 514B.

ELECTRICALLY CONDUCTIVE CORROSION-RESISTANT COMPOUNDS FOR THREADED CONDUIT

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN FOIZ; including UL Subject 2419.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.

2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating instructions
for product.

SOLVENT CEMENTS

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified electrical testing
laboratory recognized by authorities having jurisdiction and marked for intended location and application.

2. Listing Criteria: UL CCN DWTT; including UL 514B.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating size, physical
appearance, and other characteristics of product.
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PART 3 - EXECUTION

3.1 SELECTION OF CONDUITS FOR ELECTRICAL SYSTEMS

A.  Unless more stringent requirements are specified in Contract Documents or manufacturers' published instructions,
comply with NFPA 70 for selection of duct raceways. Consult Architect for resolution of conflicting requirements.

B. Special Instructions Regarding HDPE Conduits: Although Article 353 of NFPA 70 permits use of HDPE conduits
where encased in concrete aboveground, UL CCN EAZX listing requirements state that HDPE underground
conduits are intended only for use where direct buried with or without being encased in concrete. Specified
Type HDPE underground conduits are not permitted to be used aboveground on Project.

C. Outdoors:

1.
2.

=Nk Ww

Exposed and Subject to Severe Physical Damage: ERMC.
Exposed and Subject to Physical Damage: ERMC.

a. Locations less than 2.5 m (8 ft) above finished floor.

Exposed and Not Subject to Physical Damage: ERMC, PVC-80.

Concealed Aboveground: ERMC, EMT, PVC-80, PVC-40

Direct Buried: PVC-80, PVC-40, HDPE-80, HDPE-40

Concrete Encased Not in Trench: PVC-80, PVC-40

Concrete Encased in Trench: PVC-80, PVC-40, HDPE-80, HDPE-40

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid,
or Motor-Driven Equipment): LFMC, LENC-A, LFNC-B.

D. Indoors:

RN

Hazardous Classified Locations: ERMC
Exposed and Subject to Severe Physical Damage: ERMC. Locations include the following:

a. Loading docks.
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
c. Mechanical rooms.

Exposed and Subject to Physical Damage: ERMC, EMT. Locations include the following:

a. Locations less than 2.5 m (8 ft) above finished floor.
b. Stub-ups to above suspended ceilings.

Exposed and Not Subject to Physical Damage: ERMC, EMT, PVC-80.

Concealed in Ceilings and Interior Walls and Partitions: ERMC, EMT, PVC-80, PVC-40.

Damp or Wet Locations: ERMC.

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid,
or Motor-Driven Equipment): LFMC, FMC, LFNC-A, LFNC-B.
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E. Duct Fittings: Select fittings in accordance with NEMA FB 2.10 guidelines.

L.

ERMC: Provide threaded-type fittings unless otherwise indicated.

32 INSTALLATION OF CONDUITS FOR ELECTRICAL SYSTEMS

A, Comply with manufacturer's published instructions.

B. Reference Standards for Installation: Unless more stringent installation requirements are specified in Contract
Documents or manufacturers' published instructions, comply with the following:
1. Type EMT-S: Article 358 of NFPA 70 and NECA NEIS 101.
2. Type ENT: Article 362 of NFPA 70 and NECA NEIS 102.
3. Type HDPE: Atticle 353 of NFPA 70 and NECA NEIS 111.
4. Type ERMC-S: Atticle 344 of NFPA 70 and NECA NEIS 101.
5. Type FMC-S: Article 348 of NFPA 70 and NECA NEIS 101.
6. Type FMT: Atticle 360 of NFPA 70 and NECA NEIS 101.
7. Type LFMC: Article 350 of NFPA 70 and NECA NEIS 101.
8. Type LENC: Article 342 of NFPA 70 and NECA NEIS 111.
9. Type PVC: Article 356 of NFPA 70 and NECA NEIS 111.
10.  Expansion Fittings: NEMA FB 2.40.
11.  Consult Architect for resolution of conflicting requirements.

C. Special Installation Techniques:

L.

General Requirements for Installation of Duct Raceways:

a.
b.

Complete duct raceway installation before starting conductor installation.

Provide stub-ups through floors with coupling threaded inside for plugs, set flush with finished
floor. Plug coupling until conduit is extended above floor to final destination or a minimum of 2 ft
(0.6 m) above finished floor.

Install no more than equivalent of three 90-degree bends in conduit run. Support within 12 inch of
changes in direction.

Make bends in duct raceway using large-radius preformed ells except for parallel bends. Field
bending must be in accordance with NFPA 70 minimum radii requirements. Provide only
equipment specifically designed for material and size involved.

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

Support conduit within 12 inches of enclosures to which attached.

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

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

1) Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.
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2) Where an underground service duct raceway enters a building or structure.

3) Conduit extending from interior to exterior of building.

4) Conduit extending into pressurized duct raceway and equipment.

5) Conduit extending into pressurized zones that are automatically controlled to maintain
different pressure set points.

0) Where otherwise required by NFPA 70.

1. Do not install duct raceways or electrical items on "explosion-relief" walls or rotating equipment.

j Do not install conduits within 2 inches of the bottom side of a metal deck roof.

k. Keep duct raceways at least 6 inches away from parallel runs of flues and steam or hot-water
pipes. Install horizontal duct raceway runs above water and steam piping.

1. Cut conduit perpendicular to the length. For conduits metric designator 53 (trade size 2) and larger,

use roll cutter or a guide to make cut straight and perpendicular to the length. Ream inside of
conduit to remove burrs.

m.  Install pull wires in empty duct raceways. Provide polypropylene or monofilament plastic line with
not less than 200 Ib tensile strength. Leave at least 12 inches of slack at both ends of pull wire. Cap
underground duct raceways designated as spare above grade alongside duct raceways in use.

n. Install duct raceways square to the enclosure and terminate at enclosures without hubs with
locknuts on both sides of enclosure wall. Install locknuts hand tight, plus one-quarter turn more.

1) Termination fittings with shoulders do not require two locknuts.

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

2. Types ERMC:

a. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed
compound that maintains electrical conductivity to threads of duct raceway and fittings before
making up joints. Follow compound manufacturer's published instructions.

3. Types FMC, LFMC, and LENC:

a. Provide a maximum of 72inch of flexible conduit for recessed and semirecessed
luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers
and motors.

4, Types PVC, HDPE, and EPEC:

a. Do not install Type PVC, Type HDPE, or Type EPEC conduit where ambient temperature exceeds
122 deg F. Conductor ratings must be limited to 75 deg C except where installed in a trench
outside buildings with concrete encasement, where 90 deg C conductors are permitted.

b. Comply with manufacturer's published instructions for solvent welding and fittings.

CONDUITS FOR ELECTRICAL SYSTEMS 260533.13-10



5. Duct Raceways Embedded in Slabs:

a. Arrange duct raceways to cross building expansion joints with expansion fittings at right angles to
the joint.

b. Arrange duct raceways to ensure that each is surrounded by minimum of 1inch of concrete
without voids.

c. Do not embed threadless fittings in concrete unless locations have been specifically approved by
Architect.

6. Stub-ups to Above Recessed Ceilings:

a. Provide EMT or ERMC for duct raceways.

b. Provide a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an
enclosure.
7. Duct Raceway Terminations at Locations Subject to Moisture or Vibration:
a. Provide insulating bushings to protect conductors, including conductors smaller than 4 AWG.

8. Duct Fittings: Install fittings in accordance with NEMA FB 2.10 guidelines.
a. EMT: Provide setscrew or compression, steel or cast-metal fittings. Comply with NEMA FB 2.10.
b. Flexible Conduit: Provide only fittings listed for use with flexible conduit type. Comply with
NEMA FB 2.20.

9. Expansion-Joint Fittings:

a. Install in runs of aboveground PVC that are located where environmental temperature change may
exceed 30 deg F and that have straight-run length that exceeds 25 ft. Install in runs of aboveground
ERMC and EMT conduit that are located where environmental temperature change may exceed
100 deg F and that have straight-run length that exceeds 100 ft.

b. Install type and quantity of fittings that accommodate temperature change listed for the following
locations:

1) Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature change.

2) Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.

3) Indoor Spaces Connected with Outdoors without Physical Separation: 125 degF
temperature change.

4) Attics: 135 deg F temperature change.

c. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length
of straight run per deg F of temperature change for PVC conduits. Install fitting(s) that provide
expansion and contraction for at least 0.000078 inch per foot of length of straight run per deg F of
temperature change for metal conduits.

d. Install expansion fittings at locations where conduits cross building or structure expansion joints.
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e. Install expansion-joint fitting with position, mounting, and piston setting selected in accordance
with manufacturer's published instructions for conditions at specific location at time of installation.
Install conduit supports to allow for expansion movement.
10.  Duct Raceways Penetrating Rooms or Walls with Acoustical Requirements: Seal duct raceway openings
on both sides of rooms or walls with acoustically rated putty or firestopping.
11.  Identification: Provide labels for conduit assemblies, duct raceways, and associated electrical equipment.
a. Provide warning signs.
D. Interfaces with Other Work:
1. Coordinate installation of new products for with existing conditions.
2. Coordinate with Section 078413 "Penetration Firestopping" for installation of firestopping at penetrations
of fire-rated floor and wall assemblies.
3. Coordinate with Section 260529 "Hangers and Supports for Electrical Systems" for installation of conduit
hangers and supports.
33 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 260533.13
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SECTION 260533.16 - BOXES AND COVERS FOR ELECTRICAL SYSTEMS

PART I - GENERAL

1.1

1.2

A.

B.

A.

B.

SUMMARY

Section Includes:

1. Metallic outlet boxes, device boxes, rings, and covers.
2. Junction boxes and pull boxes.

3. Cover plates for device boxes.
4.

Hoods for outlet boxes.

Products Installed, but Not Furnished, under This Section:

L. See Section 260553 "Identification for Electrical Systems" for electrical equipment labels.
ACTION SUBMITTALS

Product Data:

1. Metallic outlet boxes, device boxes, rings, and covers.

2. Junction boxes and pull boxes.

3. Cover plates for device boxes.

4. Hoods for outlet boxes.

Shop Drawings:

1. Shop drawings for floor boxes.

PART 2 - PRODUCTS

2.1

BOXES AND COVERS FOR ELECTRICAL SYSTEMS

A.

B.

BOXES, RINGS, AND COVERS

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70, by qualified
electrical testing laboratory recognized by authorities having jurisdiction and marked for

intended location and application.
2. Listing Criteria: UL CCN QCIT; including UL 514A.

Source Quality Control:

L. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating

size, physical appearance, and other characteristics of product.
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C. UL QCIT - Metallic Outlet Boxes and Covers:

1. Description: Box having pryout openings, knockouts, threaded entries, or hubs in either the
sides of the back, or both, for entrance of conduit, conduit or cable fittings, or cables, with
provisions for mounting outlet box cover, but without provisions for mounting wiring device
directly to box.

2. Options:

a. Material: Sheet steel.
b. Sheet Metal Depth: Minimum 2.8 inch.

D. UL QCIT - Metallic Conduit Bodies:
L. Description: Means for providing access to interior of conduit or tubing system through one

or more removable covers at junction or terminal point. In the United States, conduit bodies
are listed in accordance with outlet box requirements.

2. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Crouse-Hinds; brand of Eaton, Electrical Sector.

b. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
c. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

E. UL QCIT - Metallic Device Boxes:

1. Description: Box with provisions for mounting wiring device directly to box.
2. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

c. Killark; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

d. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

3. Options:

a. Material: Sheet steel
b. Sheet Metal Depth: minimum 2.8 inch.

F. UL QCIT - Metallic Extension Rings:

1. Description: Ring intended to extend sides of outlet box or device box to increase box depth,
volume, or both.

2. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Cooper B-line; brand of Eaton, Electrical Sector.
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b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.
c. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

G. UL QCIT - Metallic Floor Boxes and Floor Box Covers:

1. Description: Box mounted in floor with floor box cover and other components to complete
floor box enclosure.

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

AFC Cable Systems; Atkore International.

Arlington Industries, Inc.

Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell

Incorporated.

e. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

f. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

g. Wiremold; Legrand North America, LLC.

/o o

22 JUNCTION BOXES AND PULL BOXES
A.  Performance Criteria:
1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for
intended location and use.
2. Listing Criteria: UL CCN BGUZ; including UL 50 and UL 50E.
B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating
size, physical appearance, and other characteristics of product.

C. UL BGUZ - Indoor Sheet Metal Junction and Pull Boxes:

L. Description: Box with a blank cover that serves the purpose of joining different runs of
raceway or cable.

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

following:

a. Cooper B-line; brand of Eaton, Electrical Sector.

b. FSR Inc.

c. Hubbell Industrial Controls; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

d. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

e. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
f. Square D; Schneider Electric USA.
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D. UL BGUZ - Outdoor Sheet Metal Junction and Pull Boxes:

1. Description: Box with a blank cover that serves the purpose of joining different runs of
raceway or cable.

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

following:

a. Cooper B-line; brand of Eaton, Electrical Sector.

b. FSR Inc.

c. Hubbell Industrial Controls; brand of Hubbell FElectrical Solutions; Hubbell
Incorporated.

d. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

e. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

f. Square D; Schneider Electric USA.

2.3 COVER PLATES FOR DEVICES BOXES

A. Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for
intended location and use.

2. Listing Criteria: UL CCN QCIT or UL CCN QCMZ; including UL 514D.

3. Wallplate-Securing Screws: Metal with head color to match wallplate finish.

B. Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating
size, physical appearance, and other characteristics of product.

C. UL QCIT or QCMZ - Metallic Cover Plates for Device Boxes:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.
c. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.
d. Wiremold; Legrand North America, LLC.
2. Options:
a. Damp and Wet Locations: Listed, labeled, and marked for location and use. Provide
gaskets and accessories necessary for compliance with listing.
b. Wallplate Material: Galvanized steel or as indicated on architectural Drawings.
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UL QCIT or QCMZ - Nonmetallic Cover Plates for Device Boxes:

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

a. Hubbell Premise Wiring; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

b. Hubbell Wiring Device-Kellems; brand of Hubbell Electrical Solutions; Hubbell
Incorporated.

C. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

d. Wiremold; Legrand North America, LLC.

2. Options:

a. Damp and Wet Locations: Listed, labeled, and marked for location and use. Provide
gaskets and accessories necessary for compliance with listing.

b. Wallplate Material: High-impact thermoplastic (nylon) with smooth finish and color
matching wiring device or as indicated on architectural Drawings.

C. Color: Gray or as indicated on architectural Drawings.

HOODS FOR OUTLET BOXES

Performance Criteria:

1. Regulatory Requirements: Listed and labeled in accordance with NFPA 70 and marked for
intended location and use.

2. Listing Criteria:
a. UL CCN QCIT or UL CCN QCMZ; including UL 514D.
b. Receptacle, Hood, Cover Plate, Gaskets, and Seals: UL 498 Supplement SA when

mated with box or enclosure complying with UL 514A, UL 514C, or UL 50E.

3. Mounts to box using fasteners different from wiring device.

Source Quality Control:

1. Product Data: Prepare and submit catalog cuts, brochures, and performance data illustrating
size, physical appearance, and other characteristics of product.
2. Manufacturer's Published Instructions: Prepare and submit installation, testing, and operating

instructions for product.

UL QCIT or QCMZ - Retractable or Re-attachable Hoods for Outlet Boxes:

1. Manufacturers: Subject to compliance with requirements, provide products by the following:
a. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

2. Options:

a. Provides clear, weatherproof, "while-in-use" cover.
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D.

UL QCIT or QCMZ - Extra-Duty, While-in-Use Hoods for Outlet Boxes:
1. Manufacturers: Subject to compliance with requirements, provide products by the following:
a. Raco Taymac Bell; brand of Hubbell Electrical Solutions; Hubbell Incorporated.

2. Additional Characteristics: Marked "Extra-Duty" in accordance with UL 514D.
3. Options:

a. Provides clear, weatherproof, "while-in-use" cover.
b. Manufacturer may combine nonmetallic device box with hood as extra-duty rated
assembly.

PART 3 - EXECUTION

3.1

32

A.

A.

B.

C.

PREPARATION

Shop Drawings: Prepare and submit the following:

1. Shop Drawings for Floor Boxes: Show that floor boxes are located to avoid interferences and
are structurally allowable. Indicate floor thickness at location where boxes are embedded in
concrete floors and underfloor clearances where boxes are installed in raised floors.

SELECTION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

Unless more stringent requirements are specified in Contract Documents or manufacturers'

published instructions, comply with NFPA 70 for selection of boxes and enclosures. Consult

Architect for resolution of conflicting requirements.

Degree of Protection:

1. Outdoors:
a. Type 3R unless otherwise indicated.
b. Locations Aboveground Where Mechanism Must Operate When Ice Covered:
Type 3S.
2. Indoors:
a. Type 1 unless otherwise indicated.

Exposed Boxes Installed Less Than 2.5 m (8 ft) Above Floor:

1. Boxes with knockouts or unprotected openings are prohibited.
2. Provide exposed cover. Flat covers with angled mounting slots or knockouts are prohibited.
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3.3 INSTALLATION OF BOXES AND COVERS FOR ELECTRICAL SYSTEMS

A.  Comply with manufacturer's published instructions.

B.  Reference Standards for Installation: Unless more stringent installation requirements are specified
in Contract Documents or manufacturers' published instructions, comply with the following:

1. Outlet, Device, Pull, and Junction Boxes: Article 314 of NFPA 70.
2. Consult Architect for resolution of conflicting requirements.
C. Special Installation Techniques:

1. Provide boxes in wiring and raceway systems wherever required for pulling of wires, making
connections, and mounting of devices or fixtures.

2. 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.

3. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry
block and install box flush with surface of wall. Prepare block surfaces to provide a flat
surface for a raintight connection between box and cover plate or supported equipment and
box, whether installed indoors or outdoors.

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

5. Locate boxes so that cover or plate will not span different building finishes.

6. Support boxes in recessed ceilings independent of ceiling tiles and ceiling grid.

7. Support boxes of three gangs or more from more than one side by spanning two framing
members or mounting on brackets specifically designed for purpose.

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

9. Set metal floor boxes level and flush with finished floor surface.

10.  Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor
surface.

11. Do not install aluminum boxes, enclosures, or fittings in contact with concrete or earth.

12. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings
in the locknut area prior to assembling conduit to enclosure to ensure a continuous ground
path.

13.  Boxes and Enclosures in Areas or Walls with Acoustical Requirements:

a. Seal openings and knockouts in back and sides of boxes and enclosures with
acoustically rated putty.
b. Provide gaskets for wallplates and covers.
14.  Identification: Provide labels for boxes and associated electrical equipment.

a. Identify field-installed conductors, interconnecting wiring, and components.
b. Provide warning signs.
c. Label each box with engraved metal or laminated-plastic nameplate.

D. Interfaces with Other Work:
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1. Coordinate installation of new products for with existing conditions.

2. Coordinate with Section 260573.13 "Short-Circuit Studies" for determining available fault
current on input feeder.

3. Coordinate with Section 260573.19 "Arc-Flash Hazard Analysis" for determining arc-flash
hazard on input feeder.

3.4 CLEANING

A. Remove construction dust and debris from boxes before installing wallplates, covers, and hoods.

3.5 PROTECTION

A.  After installation, protect boxes from construction activities. Remove and replace items that are
contaminated, defaced, damaged, or otherwise caused to be unfit for use prior to acceptance by
Owner.

END OF SECTION 260533.16
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING

PART 1- GENERAL

1.1 SUMMARY
A. Section Includes:

1. Round sleeves.
2. Rectangular sleeves.
3. Sleeve-seal systems.
4. Sleeve-seal fittings.
5. Grout.
6. Pourable sealants.
7. Foam sealants.

B. Related Requirements:
1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated
walls, horizontal assemblies, and smoke barriers, with and without penetrating items.

1.2 ACTION SUBMITTALS

A. Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 ROUND SLEEVES

A. Steel Wall Sleeves:
1. General Characteristics: ASTM A53/A53M, Type E, Grade B, Schedule 40, zinc coated, plain ends and
integral waterstop.

B. Cast-Iron Wall Sleeves:
1. General Characteristics: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with
plain ends and integral waterstop.

C. Round, Galvanized-Steel, Sheet Metal Sleeves:
1. General Characteristics: Galvanized-steel sheet; thickness not less than 0.0239 inch; round tube closed
with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
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22 RECTANGULAR SLEEVES

A. Rectangular, Galvanized-Steel, Sheet Metal Sleeves:
1. General Characteristics:

a. Material: Galvanized sheet steel.
b. Minimum Metal Thickness:

1) For sleeve cross-section rectangle perimeter less than 50 inch and with no side larger than
16 inch, thickness must be 0.052 inch

2) For sleeve cross-section rectangle perimeter not less than 50 inch or with one or more
sides larger than 16 inch, thickness must be 0.138 inch.

23 SLEEVE-SEAL SYSTEMS

A. General Characteristics: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable or between raceway and cable.

B. Options:
L. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include type and number
required for pipe material and size of pipe.
2. Pressure Plates: Carbon steel.
3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of length required to secure
pressure plates to sealing elements.
24 SLEEVE-SEAL FITTINGS
A. General Characteristics: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete
slab or wall. Unit must have plastic or rubber waterstop collar with center opening to match piping OD.

25 GROUT

A. General Characteristics: Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated
walls or floors.

1. Standard: ASTM C1107/C1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement
grout.
2. Design Mix: 5000 psi , 28-day compressive strength.
3. Packaging: Premixed and factory packaged.
26 POURABLE SEALANTS

A. Performance Criteria:

1. General Characteristics: Single-component, neutral-curing elastomeric sealants of grade indicated below.
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2.7

a. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces
that are not fire rated.
FOAM SEALANTS
Performance Criteria:
1. General Characteristics: Multicomponent, liquid elastomers that, when mixed, expand and cure in place

to produce a flexible, nonshrinking foam. Foam expansion must not damage cables or crack penetrated
structure.

PART 3 - EXECUTION

3.1

A.

INSTALLATION OF SLEEVES FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

Sleeves for Conduits Penetrating Above-Grade, Non-Fire-Rated, Concrete and Masonry-Unit Floors and Walls:

1. Interior Penetrations of Non-Fire-Rated Walls and Floors:

a. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly between sleeve
and wall or floor so no voids remain. Tool exposed surfaces smooth; protect material while
curing.

b. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size,

depth, and location of joint. Comply with requirements in Section 079200 "Joint Sealants."

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

3. Size pipe sleeves to provide 1/4 inch annular clear space between sleeve and raceway or cable, unless
sleeve-seal system is to be installed or seismic criteria require different clearance.

4, Install sleeves for wall penetrations unless core-drilled holes or formed openings are used. Install sleeves
during erection of walls. Cut sleeves to length for mounting flush with both surfaces of walls. Deburr
after cutting.

Sleeves for Conduits Penetrating Non-Fire-Rated Wall Assemblies:

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
2. Seal space outside of sleeves with approved joint compound for wall assemblies.

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible boot-type flashing
units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and mechanical sleeve-seal
systems. Size sleeves to allow for 1 inch annular clear space between pipe and sleeve for installing mechanical

sleeve seals.

Underground, Exterior-Wall and Floor Penetrations:
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33

1. Install steel pipe sleeves. Size sleeves to allow for 1 inch annular clear space between raceway or cable
and sleeve for installing sleeve-seal system. Grout sleeve into wall or floor opening.
INSTALLATION OF RECTANGULAR SLEEVES AND SLEEVE SEALS

Install sleeves in existing walls without compromising structural integrity of walls. Do not cut structural
elements without reinforcing the wall to maintain the designed weight bearing and wall stiffness.

Install conduits and cable with no crossings within the sleeve.

Fill opening around conduits and cables with expanding foam without leaving voids.

Provide metal sheet covering at both wall surfaces and finish to match surrounding surfaces. Metal sheet must be
same material as sleeve.

INSTALLATION OF SLEEVE-SEAL SYSTEMS

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into
building.

Install type and number of sealing elements recommended by manufacturer for raceway or cable material and
size. Position raceway or cable in center of sleeve. Assemble mechanical sleeve seals and install in annular space
between raceway or cable and sleeve. Tighten bolts against pressure plates that cause sealing elements to expand
and make watertight seal.

END OF SECTION 260544
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SECTION 260548 - VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:
1. Restraints - rigid type.
2. Restraints - cable type.
3. Restraint accessories.
4. Post-installed concrete anchors.
5. Concrete inserts.

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

1.2 ACTION SUBMITTALS

A. Product Data:

Restraints - rigid type.
Restraints - cable type.
Restraint accessories.
Post-installed concrete anchors.
Concrete inserts.

N

B. Shop Drawings:

1. Detail fabrication and assembly of equipment bases.
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.

3. Show coordination of seismic and wind-load bracing for components with other systems and
equipment in the vicinity, including other supports and seismic restraints.

C.  Delegated Design Submittal for Each Seismic-Restraint Device: Signed and sealed by qualified structural
professional engineer.

1. For each seismic-restraint device, including restraint - rigid and cable type, restraint accessory,
and concrete anchor and insert that is required by this Section or is indicated on Drawings, submit
the following:

a. Seismic Restraints: Select seismic restraints complying with performance requirements,
design criteria, and analysis data.

b. Post-Installed Concrete Anchors and Inserts: Include calculations showing anticipated
seismic loads. Include certification that device is approved by qualified testing laboratory
for seismic reinforcement use.
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D.

c. Seismic Design Calculations: Submit input data and loading calculations prepared in
accordance with criteria specified in Section 260010 "Supplemental Requirements for
Electrical" and Section 260011 "Facility Performance Requirements for Electrical."

2. Seismic-Restraint Detail Drawings: Signed and sealed by qualified structural professional
engineer.

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

b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to 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.

3. Product Listing, Preapproval, and Evaluation Documentation: By an agency acceptable to
authorities having jurisdiction, showing maximum ratings of restraint items and the basis for

approval (tests or calculations).

Field quality-control reports.

PART 2 - PRODUCTS

2.1

A.

PERFORMANCE REQUIREMENTS

Delegated Design: Engage qualified structural professional engineer to design seismic and wind-load
control system in accordance with criteria specified in Section 260010 "Supplemental Requirements for
Electrical" and Section 260011 "Facility Performance Requirements for Electrical."

Seismic- and Wind-Load-Restraint Device Load Ratings: Devices to be tested and rated in accordance
with applicable code requirements and authorities having jurisdiction. Devices to be listed by a nationally
recognized third party that requires periodic follow-up inspections and has a listing directory available to
the public. Provide third-party listing by one or more of the following: an agency acceptable to authorities
having jurisdiction.

Consequential Damage: Provide additional seismic and wind-load restraints for suspended components or
anchorage of floor-, roof-, or wall-mounted components so that failure of a non-essential or essential
component will not cause failure of any other essential building component.

Fire/Smoke Resistance: Seismic- and wind-load-restraint devices that are not constructed of ferrous
metals must have a maximum flame-spread index of 25 and maximum smoke-developed index of 50

when tested by qualified testing laboratory in accordance with ASTM E84 or UL 723 and be so labeled.

Component Supports:
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2.2

23

2.4

25

1. Load ratings, features, and applications of reinforcement components must be based on testing
standards of qualified testing laboratory.

RESTRAINTS - RIGID TYPE

Description: Shop- or field-fabricated bracing assembly made of ANSI/AISI S110-07-S1 slotted steel
channels, ANSI/ASTM A53/A53M steel pipe, or other rigid steel brace member. Includes accessories for
attachment to braced component at one end and to building structure at the other end and other matching
components and with corrosion-resistant coating; rated in tension, compression, and torsion forces.

RESTRAINTS - CABLE TYPE

Seismic- and Wind-Load-Restraint Cables: ASTM A1023/A1023M galvanized or ASTM A603
galvanized-steel cables. End connections made of steel assemblies with thimbles, brackets, swivel, and
bolts designed for seismic-restraining cable service; with fittings attached by means of poured socket,
swaged socket, or mechanical (Flemish eye) loop.

Restraint cable assembly and cable fittings must comply with ASCE/SEI 19. Cable fittings and complete
cable assembly must maintain the minimum cable breaking force. U-shaped cable clips and wedge-type
end fittings do not comply and are unacceptable.

RESTRAINT ACCESSORIES

Hanger-Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted connections
to hanger rod. Non-metallic stiffeners are unacceptable.

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

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.

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.

Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene, with a

flat washer face.

POST-INSTALLED CONCRETE ANCHORS

Mechanical Anchor Bolts:

1. 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 for anchor and as tested

according to ASTM E488/E488M.

Adhesive Anchor Bolts:
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2.6

2.7

C.

A.

B.

A.

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 E488/E488M.

Provide post-installed concrete anchors that have been prequalified for use in seismic and wind-load
applications.

1.

Prequalify post-installed anchors in concrete in accordance with ACI 355.2 or other approved
qualification testing procedures.

2. Prequalify post-installed anchors in masonry in accordance with approved qualification
procedures.
CONCRETE INSERTS

Provide preset concrete inserts that are seismically prequalified in accordance with ICC-ES AC446
testing.

Comply with MSS SP-58.

SOURCE QUALITY CONTROL

Product Data: Prepare and submit catalog cuts, brochures and performance data illustrating size, physical
appearance, and other characteristics of product.

1.

Include rated load capacity for each seismic- and wind-load-restraint device.

Illustrate and indicate style, material, strength, fastening provision, and finish for each type and
size of seismic- and wind-load-restraint component used.

Annotate types and sizes of seismic restraints and accessories, complete with listing markings or
report numbers and load rating in tension and compression as evaluated by an agency acceptable
to authorities having jurisdiction.

Annotate to indicate application of each product submitted and compliance with requirements.

PART 3 - EXECUTION

3.1

A.

B.

C.

EXAMINATION

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

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

Proceed with installation only after unsatisfactory conditions have been corrected.
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33

APPLICATIONS

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

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

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

INSTALLATION OF SEISMIC-RESTRAINT DEVICES

Provide seismic restraint devices for systems and equipment where indicated in Equipment Schedules or
Seismic and Wind-Load Controls Schedule, where indicated on Drawings, where the Specifications
indicate they are to be installed on specific equipment and systems, and where required by applicable
codes.

1. Install equipment and devices to withstand the effects of earthquake motions and high wind
events.

Coordinate location of embedded connection hardware with supported equipment attachment and
mounting points and with requirements for concrete reinforcement and formwork specified in
Section 033000 "Cast-in-Place Concrete."

Installation of seismic restraints must not cause any stresses, misalignment, or change of position of
equipment or conduits.

Equipment Restraints:

1. Install resilient bolt isolation washers on equipment anchor bolts where clearance between anchor
and adjacent surface exceeds 0.125 inch

2. Install seismic-restraint and wind-load-restraint devices using methods approved by an agency

acceptable to authorities having jurisdiction that provides required submittals for component.

Raceway, Cable, Wireway, Cable Tray, and Busway Support and Hanger Restraints:

L. Install resilient bolt isolation washers on equipment anchor bolts where clearance between anchor
and adjacent surface exceeds 0.125 inch

2. Install seismic-restraint and wind-load-restraint devices using methods approved by an agency
acceptable to authorities having jurisdiction that provides required submittals for component.

3. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance between anchor
and adjacent surface exceeds 0.125 inch.

4. Install seismic-restraint devices using methods approved by an agency acceptable to authorities

having jurisdiction providing required submittals for component.

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

H.  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.

L. Post-Installed Concrete Anchors:

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 structural
engineer if reinforcing steel or other embedded items are encountered during drilling. Locate and
avoid prestressed 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. Mechanical-Type Anchor Bolts: Protect threads from damage during anchor installation. Heavy-
duty sleeve anchors must be installed with sleeve fully engaged in the structural element to which
anchor is to be fastened.

4. Adhesive-Type Anchor Bolts: 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.

34 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.

END OF SECTION 260548
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART I - GENERAL

1.1 SUMMARY
A. Section Includes:
1. Labels.
2. Bands and tubes.
3. Tapes and stencils.
4. Tags.
5. Signs.
6. Cable ties.
7. Miscellaneous identification products.
B. Related Requirements:
1.2 ACTION SUBMITTALS

A. Product Data:

1. Labels.
2. Bands and tubes.
3. Tapes and stencils.
4. Tags.
5. Signs.
6. Cable ties.
7. Miscellaneous identification products.
B. Identification Schedule: For each piece of electrica