PARTIAL SET FOR TELECOM BID PACKAGE
ELECTRICAL SPECIFICATIONS SECTIONS ONLY

PROJECT MANUAL

7o

Dfa .| HENDERSON COUNTY

rchltects p a. PUBLIC SCHOOLS

LSB PENGAGE DESIGN TRANSFORM
||

HENDERSONVILLE HIGH SCHOOL
CAMPUS RENOVATIONS

ONE HISTORIC COURTHOUSE SQUARE, SUITE ONE
HENDERSONVILLE, NORTH CAROLINA 28792

PFA #: 1956
LS3P COMMISSION NUMBER: 3201-186120

CONSTRUCTION DOCUMENTS - VOLUME 3

ARCHITECT ARCHITECT

pfam LS5P

rchitects p a
110 West North Street, Suite 300

Greenville, South Carolina 29601
196 Coxe Avenue

Asheville, NC 28801

© 2019



adowty
Text Box
PARTIAL SET FOR TELECOM BID PACKAGE ELECTRICAL SPECIFICATIONS SECTIONS ONLY


SECTION 000110

TABLE OF CONTENTS

SECTIONS

COVER PAGE
TABLE OF CONTENTS
SEALS PAGE

VOLUME 1

DIVISION 00 — PROCUREMENT AND CONTRACTING REQUIREMENTS
A201-2017
A133-2009

DIVISION 01 — GENERAL REQUIREMENTS
010110 - EXISTING UNDERGROUND UTILITIES
011000 - SUMMARY

012100 — ALLOWANCES

012200 — UNIT PRICES

012300 - ALTERNATES

012500 - SUBSTITUTION PROCEDURES

012600 - CONTRACT MODIFICATION PROCEDURES
012900 - PAYMENT PROCEDURES

013100 - PROJECT MANAGEMENT AND COORDINATION
013200 - CONSTRUCTION PROGRESS DOCUMENTATION
013233 - PHOTOGRAPHIC DOCUMENTATION
013300 - SUBMITTAL PROCEDURES

013301 - DIGITAL DATA LETTER AGREEMENT
014000 - QUALITY REQUIREMENTS

014533 — STATEMENT OF SPECIAL INSPECTIONS
015000 - TEMPORARY FACILITIES AND CONTROLS
016000 - PRODUCT REQUIREMENTS

017300 - EXECUTION

017329 - CUTTING AND PATCHING

017700 - CLOSEOUT PROCEDURES

017823 - OPERATION AND MAINTENANCE DATA
017839 - PROJECT RECORD DOCUMENTS

017900 - DEMONSTRATION AND TRAINING

DIVISION 02 — EXISTING CONDITIONS

024100 — SITE DEMOLITION

024116 - STRUCTURE DEMOLITION

024119 - SELECTIVE DEMOLITION

GEOTECH REPORT

WOOD REPORT OF PRELIMINARY GEOTECHNICAL EXPLORATION
WOOD SUPPLEMENTAL LETTER REPORT

FINAL ASBESTOS REPORT — STILLWELL BUILDING

FINAL ASBESTOS REPORT — BAND, CAFETERIA, OLD GYM
FINAL ASBESTOS REPORT — NEW GYM

FINAL ASBESTOS REPORT — VOCATIONAL BUILDING

Table of Contents

000001 -1



FINAL ASBESTOS REPORT, DESTRUCTIVE TESTING - BAND AND CAFETERIA
FINAL LEAD REPORT — NEW GYM

FINAL LEAD REPORT — STILLWELL BUILDING

FINAL LEAD REPORT — VOCATIONAL BUILDING

ASBESTOS ABATEMENT PLAN

DIVISION 03 — CONCRETE

030522 - PERMEABILITY REDUCING ADMIXTURES

033000 — CAST-IN-PLACE CONCRETE

034000 - PRECAST CONCRETE

034910 — GLASS-FIBER-REINFORCED CONCRETE (GFRC)

035413 — LIGHTWEIGHT SELF-LEVELING CEMENT UNDERLAYMENT

DIVISION 04 — MASONRY

040110 - MASONRY CLEANING

040120.64 — BRICK MASONRY REPOINTING
042000 - UNIT MASONRY

047200 — CAST STONE

DIVISION 05 — METALS

051200 - STRUCTURAL STEEL

051213 - ARCHITECTURALLY EXPOSED STRUCTURAL STEEL FRAMING
052100 — STEEL JOISTS

053100 — STEEL DECK

054000 — COLD-FORMED METAL FRAMING

055000 - METAL FABRICATIONS

055113 - METAL PAN STAIRS

055119 — METAL GRATING STAIRS

055213 - PIPE AND TUBE RAILINGS

DIVISION 06 — WOOD, PLASTICS, AND COMPOSITES
061053 - MISCELLANEOUS ROUGH CARPENTRY

061600 - SHEATHING

064023 - INTERIOR ARCHITECTURAL WOODWORK
064216 — FLUSH WOOD PANELING

VOLUME 2

DIVISION 07 — THERMAL AND MOISTURE PROTECTION
071326 — SELF-ADHERING SHEET WATERPROOFING

071416 - COLD FLUID-APPLIED WATERPROOFING

072100 - THERMAL INSULATION

072710 — AIR BARRIER SYSTEM

072715 - NONBITUMINOUS SELF-ADHERING SHEET AIR BARRIERS
074113 — STANDING SEAM METAL ROOF PANELS

074213 - FORMED METAL WALL PANELS

074243 - METAL COMPOSITE WALL PANELS

075423 - THERMOPLASTIC-POLYOLEFIN (TPO) ROOFING
076200 - SHEET METAL FLASHING AND TRIM

077100 - ROOF SPECIALTIES

077129 - MANUFACTURED ROOF EXPANSION JOINTS
077200 - ROOF ACCESSORIES

Table of Contents

000001 - 2



078413 - PENETRATION FIRESTOPPING

078443 - JOINT FIRESTOPPING

079200 - JOINT SEALANTS

079513.13 - INTERIOR EXPANSION JOINT COVER ASSEMBLIES
079513.16 - EXTERIOR EXPANSION JOINT COVER ASSEMBLIES

DIVISION 08 — OPENINGS

081113 - HOLLOW METAL DOORS AND FRAMES

081174 - SLIDING METAL GRILLES

081416 - FLUSH WOOD DOORS

083113 - ACCESS DOORS AND FRAMES

083313 — COILING COUNTER DOORS

083323 - OVERHEAD COILING DOORS

084113 - ALUMINUM-FRAMED ENTRANCES AND STOREFRONTS
084413 - GLAZED ALUMINUM CURTAIN WALLS

084513 —- STRUCTURED-POLYCARBONATE-PANEL ASSEMBLIES
085113 - ALUMINUM WINDOWS

085653 — PASS WINDOWS

087100 - DOOR HARDWARE

087101 — DOOR INDEX

088000 - GLAZING

088330 - MIRRORS

089119 - FIXED LOUVERS

DIVISION 09 — FINISHES

092116 - GYPSUM BOARD SHAFT WALL ASSEMBLIES
092216 - NON-STRUCTURAL METAL FRAMING
092400 - PORTLAND CEMENT PLASTERING
092713 — GLASS-FIBER-REINFORCED GYPSUM FABRICATIONS
092900 - GYPSUM BOARD

093013 - CERAMIC TILING

095113 - ACOUSTICAL PANEL CEILINGS
096400 — WOOD STAGE FLOORING

096466 - WOOD ATHLETIC FLOORING

096513 - RESILIENT BASE AND ACCESSORIES
096519 - RESILIENT TILE FLOORING

096543 — LINOLEUM FLOORING

096566 - RESILIENT ATHLETIC FLOORING
096813 - TILE CARPETING

096816 - SHEET CARPETING

097200 - WALL COVERINGS

098400 — ACOUSTICAL ROOM COMPONETS
099113 - EXTERIOR PAINTING

099123 - INTERIOR PAINTING

099600 - HIGH-PERFORMANCE COATINGS
099653 — ELASTOMERIC COATINGS

DIVISION 10 — SPECIALTIES

101200 - DISPLAY CASES

101400 - SIGNAGE

102113 - PHENOLIC-CORE TOILET COMPARTMENTS
102123 - CUBICLE CURTAINS AND TRACK

Table of Contents

000001 - 3



102233 — ACCORDION FOLDING PARTITIONS

102239 - FOLDING PANEL PARTITIONS

102600 - WALL AND DOOR PROTECTION

102800 — TOILET AND BATH ACCESSORIES

104413 - FIRE PROTECTION CABINETS

104416 - FIRE EXTINGUISHERS

105113 - METAL LOCKERS

105616 — WALL MOUNTED CLOTHES ROD AND SHELVING
107326 - MANUFACTURED WALKWAY COVERINGS

DIVISION 11 — EQUIPMENT

111313 - LOADING DOCK BUMPERS

113013 - RESIDENTIAL APPLIANCES

114000 - FOOD SERVICE EQUIPMENT

114001 - CUSTOM FOOD SERVICE EQUIPMENT
115213 - PROJECTION SCREENS

115313 - LABORATORY FUME HOODS

116143 - STAGE CURTAINS

116623 - GYMNASIUM EQUIPMENT

DIVISION 12 — FURNISHINGS

122413 — ROLLER WINDOW SHADES

123216 - MANUFACTURED PLASTIC-LAMINATE-CLAD CASEWORK
123551 - MUSIC INSTRUMENT STORAGE CASEWORK

123553 - LABORATORY CASEWORK

123623 - PLASTIC-LAMINATE-CLAD COUNTERTOPS

123661 - SOLID SURFACING COUNTERTOPS AND WINDOWSILLS
126100 - FIXED AUDIENCE SEATING

126600 — TELESCOPING STANDS

DIVISION 13 — SPECIAL CONSTRUCTION
133423 - PREFABRICATED PRESS BOX

DIVISION 14 — CONVEYING EQUIPMENT
142100 - ELECTRIC TRACTION ELEVATORS

VOLUME 3

DIVISION 21 — FIRE SUPPRESSION
210512 — SITE FIRE SUPPRESSION WATER-SERVICE PIPING
210513 COMMON MOTOR REQUIREMENTS FOR FIRE SUPPRESSION EQUIPMENT
210517 SLEEVES AND SLEEVE SEALS FOR FIRE-SUPPRESSION PIPING
210518 ESCUTCHEONS FOR FIRE-SUPPRESSION PIPING
210523 GENERAL-DUTY VALVES FOR FIRE PROTECTION PIPING
210529 HANGERS AND SUPPORTS FOR FIRE SUPPRESSION PIPING AND

EQUIPMENT
210548.13 VIBRATION CONTROLS FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT
210553 IDENTIFICATION FOR FIRE-SUPPRESSION PIPING AND EQUIPMENT

211100 FACILITY FIRE-SUPPRESSION WATER-SERVICE PIPING
211119 FIRE DEPARTMENT CONNECTIONS
211200 FIRE-SUPPRESSION STANDPIPES

Table of Contents 000001 - 4



211313 WET-PIPE SPRINKLER SYSTEMS

DIVISION 22 — PLUMBING
220513 COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT
220516 EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING
220517 SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING
220518 ESCUTCHEONS FOR PLUMBING PIPING
220519 METERS AND GAGES FOR PLUMBING PIPING
220523.12 BALL VALVES FOR PLUMBING PIPING
220523.13 BUTTERFLY VALVES FOR PLUMBING PIPING
220523.14 CHECK VALVES FOR PLUMBING PIPING
220523.15 GATE VALVES FOR PLUMBING PIPING
220529 HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT
220533 HEAT TRACING FOR PLUMBING PIPING
220548.13 VIBRATION CONTROLS FOR PLUMBING PIPING AND EQUIPMENT
220553 IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT
220716 PLUMBING EQUIPMENT INSULATION
220719 PLUMBING PIPING INSULATION
221113 FACILITY WATER DISTRIBUTION PIPING
221116 DOMESTIC WATER PIPING
221119 DOMESTIC WATER PIPING SPECIALTIES
221123.21  INLINE, DOMESTIC-WATER PUMPS
221313 FACILITY SANITARY SEWERS
221316 SANITARY WASTE AND VENT PIPING
221319 SANITARY WASTE PIPING SPECIALTIES
221319.13 SANITARY DRAINS
221323 SANITARY WASTE INTERCEPTORS
221413 FACILITY STORM DRAINAGE PIPING
221423 STORM DRAINAGE PIPING SPECIALTIES
221429 SUMP PUMPS
221513 GENERAL-SERVICE COMPRESSED-AIR PIPING
221519 GENERAL-SERVICE PACKAGED AIR COMPRESSORS AND RECEIVERS
223400 FUEL-FIRED, DOMESTIC-WATER HEATERS
224213.13 COMMERCIAL WATER CLOSETS
224213.16 COMMERCIAL URINALS
224216.13 COMMERCIAL LAVATORIES
224216.16 COMMERCIAL SINKS
224223 COMMERCIAL SHOWERS
224500 EMERGENCY PLUMBING FIXTURES
224716 PRESSURE WATER COOLERS
226600 CHEMICAL-WASTE SYSTEMS FOR LABORATORY AND HEALTHCARE
FACILITIES

DIVISION 23 — HEATING VENTILATING AND AIR CONDITIONING
230130.52 EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING
230513 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
230517 SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

Table of Contents 000001 - 5



230529 HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

230548.13 VIBRATION CONTROLS FOR HVAC

230553 IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

230593 TESTING, ADJUSTING, AND BALANCING FOR HVAC

230713 DUCT INSULATION

230716 HVAC EQUIPMENT INSULATION

230719 HVAC PIPING INSULATION

230923 DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC

230923.12 CONTROL DAMPERS

230923.23 PRESSURE INSTRUMENTS

230923.27 TEMPERATURE INSTRUMENTS

230923.33 VIBRATION INSTRUMENTS

230993.11 SEQUENCE OF OPERATIONS FOR HVAC DDC

231123 FACILITY NATURAL GAS PIPING

232300 REFRIGERANT PIPING

233113 METAL DUCTS

233116 NONMETAL DUCTS

233300 AIR DUCT ACCESSORIES

233346 FLEXIBLE DUCTS

233416 CENTRIFUGAL HVAC FANS

233423 HVAC POWER VENTILATORS

233433.13 COMMERCIAL AIR CURTAINS

233439 HIGH-VOLUME, LOW-SPEED FANS

233533 LISTED KITCHEN VENTILATION SYSTEM EXHAUST DUCTS

233713.13 AIR DIFFUSERS

233713.23 REGISTERS AND GRILLES

233713.43 SECURITY REGISTERS AND GRILLES

233723 HVAC GRAVITY VENTILATORS

233813 COMMERCIAL-KITCHEN HOODS

234100 PARTICULATE AIR FILTRATION

234300 ELECTRONIC AIR CLEANERS

236200 PACKAGED COMPRESSOR AND CONDENSER UNITS

236313 AIR-COOLED REFRIGERANT CONDENSERS

237313.13 INDOOR, BASIC AIR-HANDLING UNITS

237416.13 PACKAGED, LARGE-CAPACITY, ROOFTOP AIR-CONDITIONING UNITS

237423.16 PACKAGED, INDIRECT-FIRED, OUTDOOR, HEATING-ONLY MAKEUP-AIR
UNITS

237433 DEDICATED OUTDOOR-AIR UNITS

238126 SPLIT-SYSTEM AIR-CONDITIONERS

238129 VARIABLE-REFRIGERANT-FLOW HVAC SYSTEMS

238239.19 WALL AND CEILING UNIT HEATERS

DIVISION 26 — ELECTRICAL
260500 COMMON WORK RESULTS FOR ELECTRICAL
260519 LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
260526 GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
260529 HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

Table of Contents 000001 - 6



260533 RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS
260536 CABLE TRAYS FOR ELECTRICAL SYSTEMS

260543 UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS
260548.16  SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS
260553 IDENTIFICATION FOR ELECTRICAL SYSTEMS
260573.16  SHORT CIRCUIT AND COORDINATION STUDIES
260573.19 ARC-FLASH HAZARD ANALYSIS

260923 LIGHTING CONTROL DEVICES

262213 LOW-VOLTAGE DISTRIBUTION TRANSFORMERS
262413 SWITCHBOARDS

262416 PANELBOARDS

262726 WIRING DEVICES

262813 FUSES

262816 ENCLOSED SWITCHES AND CIRCUIT BREAKERS
262913.03 MANUAL AND MAGNETIC MOTOR CONTROLLERS
262923 VARIABLE-FREQUENCY MOTOR CONTROLLERS
263213.13 DIESEL EMERGENCY ENGINE GENERATORS

263600 TRANSFER SWITCHES

264313 SURGE PROTECTION FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS
265119 LED INTERIOR LIGHTING

265561 THEATRICAL LIGHTING

265619 LED EXTERIOR LIGHTING

DIVISION 27 — COMMUNICATIONS
270526 GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS
270528 PATHWAYS FOR COMMUNICATIONS SYSTEMS
270529 HANGERS AND SUPPORTS FOR COMMUNICATIONS SYSTEMS
270536 CABLE TRAYS FOR COMMUNICATIONS SYSTEMS
270543 UNDERGROUND PATHWAYS AND STRUCTURES FOR COMMUNICATION

SYSTEMS

270544 SLEEVES AND SLEEVE SEALS FOR COMMUNICATIONS PATHWAYS AND
CABLING

270548.16  SEISMIC CONTROLS FOR COMMUNICATIONS SYSTEMS

270553 IDENTIFICATION FOR COMMUNICATIONS SYSTEMS

271100 COMMUNICATIONS EQUIPMENT ROOM FITTINGS
271116 COMMUNICATIONS RACKS, FRAMES, AND ENCLOSURES

DIVISION 28 — ELECTRONIC SAFETY AND SECURITY

283111 - DIGITAL, ADDRESSABLE FIRE ALARM SYSTEM
DIVISION 31 — EARTHWORK

Table of Contents 000001 - 7



310000 - EARTHWORK
311000 - SITE CLEARING
312500 — EROSION AND SEDIMENTATION CONTROLS

DIVISION 32 — EXTERIOR IMPROVEMENTS

321216 — ASPHALT PAVING

321313 - CONCRETE PAVING

321600 — CURBS AND GUTTERS

321723 - PAVEMENT MARKINGS

323113 — CHAIN LINK FENCES AND GATES  ADD #1, ITEM 2

323200 — RETAINING WALLS 323119 DECORATIVE METAL FENCES AND GATES
329000 — PLANTING

329001 - TEMPORARY PLANTING

DIVISION 33 — UTILITIES

331000 - WATER UTILITIES

333000 — SANITARY SEWERAGE
334000 — STORM DRAINAGE UTILITIES
334600 —- SUBDRAINAGE

END OF TABLE OF CONTENTS

Table of Contents 000001 - 8


adowty
Text Box
ADD #1, ITEM 2
323119 DECORATIVE METAL FENCES AND GATES


DEVITA HENDERSONVILLE HIGH SCHOOL PFA #: 1956

ADDITIONS AND RENOVATIONS LS3P #: 3201-186120

Construction Documents Hendersonville, NC January 6, 2020

SECTION 265000 COMMON WORK RESULTS FOR ELECTRICAL
PART 1 - GENERAL

1.01

A.

1.02

1.03

1.04

1.05

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

Electrical equipment coordination and installation.
Sleeves for raceways and cables.

Sleeve seals.

Grout.

Common electrical installation requirements.

DEFINITIONS
EPDM: Ethylene-propylene-diene terpolymer rubber.

S A

NBR: Acrylonitrile-butadiene rubber.
SUBMITTALS

Product Data: For sleeve seals.
COORDINATION

Coordinate arrangement, mounting, and support of electrical equipment:

1. To allow maximum possible headroom unless specific mounting heights that reduce headroom are
indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.

3. To ensure that foreign mechanical systems are kept out of electrical room spaces.

4. To allow right of way for piping and conduit installed at required slope.

5. So connecting raceways, cables, wireways, cable trays, etc will be clear of obstructions and of the
working and access space of other equipment.

Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry
walls, and other structural components as they are constructed.

Coordinate location of access panels and doors for electrical items that are behind finished surfaces or
otherwise concealed. Access doors and panels are specified in Division 08 Section "Access Doors and
Frames."

Coordinate sleeve selection and application with selection and application of firestopping specified in
Division 07 Section "Penetration Firestopping."

All work shall be tested and inspected. Coordinate testing dates and requirements with the architect and
engineer. All tests and inspections shall be scheduled in advance. The local county agency is the
Authority Having Jurisdiction for electrical inspections. It is the responsibility of the electrical contractor
to notify the Electrical Inspector to schedule required inspections including rough-in, above ceiling and
final inspections.

Division of Work: Refer to detail on the drawings for division of work:

1. All individual motor starters and drives for mechanical equipment shall be furnished and installed
under Mechanical Division unless otherwise noted. Where mechanical equipment is not specified
with unit disconnects, starters or variable frequency drives, these shall be provided under the
electrical division.
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1.06

2. Under Electrical Division, power wiring shall be provided to all plumbing, kitchen, fire protection,
and mechanical equipment up to the point of utilization, eg through starter or controller to actual
motor or equipment. Coordinate voltage, phase, wiring requirements, and overcurrent protection
for actual equipment supplied prior to ordering panelboards and circuit breakers.

3. Duct smoke detectors shall be furnished and wired by fire alarm contractor, installed by
Mechanical contractor. Duct detectors shall be labeled with direction of air flow.

4. Fire alarm AHU shut down circuits shall be wired from the fire alarm control panel to a

terminations point, adjacent to the AHU control, under the fire alarm contractor. AHU control

wiring from the termination point to the equipment shall be under Mechanical Contractor. Refer to
all drawings for locations of duct type smoke detectors, and provide coordination with mechanical
contractor. All code required duct type smoke detectors shall be provided.

Provide remote alarm light, test and reset switch for each duct detector and air handling unit.

Equipment less than 110 volts, and associated with Mechanical equipment, shall be furnished,

installed, and wired under Mechanical Division.

7. All wiring required for controls and instrumentation not indicated on the drawings shall be
furnished and installed under Mechanical Division.

8. Provide smoke detectors for elevator recall function. Provide smoke detector and heat detector
adjacent to each sprinkler head in each elevator room or at machine room considered by the
elevator manufacturer. Refer to elevator shop drawings. Provide shunt trip function on elevator
power overcurrent protective device connected to fire alarm system for power shut down prior to
water discharge. Elevators shall have fused disconnects to limit fault current to less than 5,000
amps RMS symmetrical.

9. Roof mounted exhaust fans with built in disconnects provided under Mechanical Division, or door
provided with built in outlet shall be wired under Division 26. A disconnect switch shall be
provided Under Division 26 if the fan is not provided with a built in disconnect switch.

10. The sequence of control for all equipment shall be as indicated on Mechanical Division drawings
and specifications.

11.  All sprinkler flow and tamper switches shall be furnished and installed under Mechanical Division,
fire protection, and wired under the electrical contractor’s fire alarm scope of work, Division 28.

12.  Disconnects for the elevators and elevator cars shall be provided and installed Under Division 26.

I

Provide 1/4” and 1/8” scaled coordination drawings. Coordination drawings shall indicate all electrical
devices, systems and equipment, including telecommunications, lighting, power, fire alarm, low voltage
signaling and communications devices and systems, and shall be coordinated with other trades, including
HVAC, Plumbing, Piping, Fire Protection, Audio Video, Structural, and other building elements. Pay
special attention to electrical rooms so that HVAC, fire protection, and plumbing trades do not pass
through these rooms unless specifically serving those only the electrical room. Coordinate with kitchen
equipment supplier.

Provide rough in and power for all Owner’s Intercom, Security, CATV, and Data/IT systems. Provide all
required power and pathways for Owner provided equipment.

ELECTRICAL ALTERNATES:

Refer to architectural specifications for schedule of alternates.

Under Alternate No. 1, provide electrical feeder to the new press box, refer to electrical power riser
diagram and panelboard schedules. Provide 2” telecommunications conduit and 1.5” fire alarm conduit to

the new press box. Under the base bid, reconnect the existing press box to new panelboard and to new
fire alarm system. Refer to electrical power riser diagram and schedules.
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D.

Under Alternate No. 2, provide the same work as described under item B above. The only change is a
screen wall instead of a fence.

Under Alternate No. 6, provide electrical connection to batting cage as shown on the drawings.

Under Alternate No. 11, provide a preferred brand for the generator set of Cummins. Base bid may select
from one of three manufacturers listed.

Under Alternate No. 12, provide a fire alarm system by Edwards Electronics, Inc. Base bid may select
from one of three manufacturers listed.

Under Alternate No. 14, provide electrical connection to ticket booth as shown on the drawings.

PART 2 - PRODUCTS

2.01

A.
B.

C.

2.02

A

2.03

A

SLEEVES FOR RACEWAYS AND CABLES
Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.

Cast-lron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain
ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel.
1. Minimum Metal Thickness:
a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side more
than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 mm)
and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall be 0.138
inch (3.5 mm).

SLEEVE SEALS

Description: Modular sealing device, designed for field assembly, to fill annular space between sleeve
and raceway or cable.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Metraflex Co.
d. Pipeline Seal and Insulator, Inc.
2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit. Include type
and number required for material and size of raceway or cable.
3. Pressure Plates: Stainless steel. Include two for each sealing element.
4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure plates to sealing
elements. Include one for each sealing element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic aggregate grout,
noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute
working time.
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PART 3 - EXECUTION
3.01 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
A.  Comply with NECA 1.
B Comply with NFPA 70E.
C.  Comply with the Energy Independence and Security Act, effective date January 1, 20009.
D

Comply with the latest edition of the National Electrical Code, all state code requirements, and State
Electrical Inspector and State NCDOI and NCDPI requirements.

m

Testing: Provide testing for the following systems:

1. All current carrying conductors shall be tested as installed, and before connections are made, for
insulation resistance and accidental grounds. This shall be done with a 500 volt megger. The
procedures listed below shall b followed:

a. Minimum readings shall be one million or more ohms for #6 AWG wire and smaller,
250,000 ohms for #4 AWG wire or larger, between conductors and between conductor and
the grounding conductor.

b. After all fixtures, devices and equipment are installed and all connections completed to each
panel, the contractor shall disconnect the neutral feeder conductor from the neutral bar and
take a megger reading between the neutral bar and the grounded enclosure. If this reading is
less than 250,000 ohms, the contractor shall disconnect the branch circuit neutral wires from
this neutral bar. The contractor shall test each conductor separately to the panel and until the
low readings are found. The contractor shall then correct troubles, reconnect and retest until
at least 250,000 ohms from the neutral bar to the grounded panelboard is achieved with only
the neutral feeder disconnected.

C. At final inspection, the contractor shall furnish a megger and show the engineer of record
that the panelboards comply with the above requirements. The contractor shall furnish a
hook on type ammeter and voltmeter to take current and voltage readings as directed.

d. Ground system testing shall include testing by a ground resistance tester. Where systems
show resistance to ground is over 25 ohms, appropriate action shall be taken to reduce the
resistance to 25 ohms or less, by driving additional ground rods. Compliance shall be
demonstrated by additional testing.

2. Circuit Breaker tests: Testing shall be performed on service circuit breakers and distribution
breakers on site. Testing shall be performed by a qualified factory technician at the job site. All
readings shall be tabulated and included in the owner’s manuals.

a. Phase tripping tolerance.

b. Trip time per phase in seconds.

C. Instantaneous trip amperes per phase.

d. Insulation resistance in megohms at 100 volts phase to phase and line to load.

3. Ground Fault Protection System tests:

a. The ground fault protection on circuit breakers shall be performance tested in the field and
properly calibrated and set in accordance with the coordination study.

4. Documentation:

a. All tests specified shall be completely documented indication time of day, date, temperature
and all pertinent test information.

b. All required documentation of readings indicated above shall be submitted to the engineer of
record and the owner, prior to, and as one of the prerequisites for final acceptance of the
project.

F. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-
mounting items.
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G. Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange and
install components and equipment to provide maximum possible headroom consistent with these
requirements.

H.  Equipment: Install to facilitate service, maintenance, and repair or replacement of components of both
electrical equipment and other nearby installations. Connect in such a way as to facilitate future
disconnecting with minimum interference with other items in the vicinity.

I Right of Way: Give to piping systems installed at a required slope.

3.02 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

A.  Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate concrete
slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

B.  Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed openings
are used. Install sleeves during erection of slabs and walls.

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

D. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies unless
openings compatible with firestop system used are fabricated during construction of floor or wall.

E.  Cutsleeves to length for mounting flush with both surfaces of walls.

Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

G.  Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or cable,
unless indicated otherwise.

H.  Seal space outside of sleeves with grout for penetrations of concrete and masonry
1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed surfaces

smooth; protect grout while curing.

I Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve and
raceway or cable, using joint sealant appropriate for size, depth, and location of joint. Comply with
requirements in Division 07 Section "Joint Sealants."”

J. Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at raceway and cable penetrations. Install sleeves and seal raceway and cable penetration sleeves with
firestop materials. Comply with requirements in Division 07 Section "Penetration Firestopping.”

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

L.  Aboveground, Exterior-Wall Penetrations: Seal penetrations using cast-iron pipe sleeves and mechanical
sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve
for installing mechanical sleeve seals.

M.  Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow for 1-inch
(25-mm) annular clear space between raceway or cable and sleeve for installing mechanical sleeve seals.

3.03 SLEEVE-SEAL INSTALLATION
A.  Install to seal exterior wall penetrations.
B.  Use 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.
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3.04 FIRESTOPPING

A.  Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to
restore original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Division 07 Section "Penetration Firestopping."

END OF SECTION
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
PART 1 - GENERAL
11 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  This Section includes the following:
1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.
3. Sleeves and sleeve seals for cables.

B.  Related Sections include the following:
1. Division 27 Section "Communications Horizontal Cabling" for cabling used for voice
and data circuits.

1.3 DEFINITIONS
A.  EPDM: Ethylene-propylene-diene terpolymer rubber.
B.  NBR: Acrylonitrile-butadiene rubber.
1.4 SUBMITTALS
A.  Product Data: For each type of product indicated.
B.  Qualification Data: For testing agency.
C.  Field quality-control test reports.
15 QUALITY ASSURANCE

A.  Testing Agency Qualifications: An independent agency, with the experience and capability to
conduct the testing indicated, that is a member company of the International Electrical Testing
Association or is a nationally recognized testing laboratory (NRTL) as defined by OSHA in
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

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

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

C.  Comply with NFPA 70.
1.6 COORDINATION

A.  Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they
are constructed.

PART 2 - PRODUCTS
21 CONDUCTORS AND CABLES

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

2.2

A

B.

Alcan Products Corporation; Alcan Cable Division.
American Insulated Wire Corp.; a Leviton Company.
General Cable Corporation.

Senator Wire & Cable Company.

Southwire Company.

Copper Conductors: Comply with NEMA WC 70.
Conductor Insulation: Comply with NEMA WC 70 for Types THWN -2.
CONNECTORS AND SPLICES

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

AFC Cable Systems, Inc.

Hubbell Power Systems, Inc.

O-Z/Gedney; EGS Electrical Group LLC.

3M; Electrical Products Division.

Tyco Electronics Corp.

arwbdE

arwnE

Description: Factory-fabricated connectors and splices of size, ampacity rating, material, type,

and class for application and service indicated.

1. Joints in solid conductors shall be spliced using Ideal or equivalent by 3M and T&B,
wirenuts or connectors in junction boxes, outlet boxes, and lighting fixtures.

2. Sta-kon or other permanent type crimp connectors will not be permitted for branch circuit
connections.

3. Joints in stranded conductors shall be splice by an approved mechanical connector and
gum rubber tape or friction tape.

4. Solderless mechanical connectors for splices and taps, provided with UL approved
insulating covers, may be used instead of mechanical connectors plus tape.

5. Conductors in all cases shall be continuous from outlet to outlet and no splicing shall be
made except with outlet or junction boxes troughs and gutters.

PART 3 - EXECUTION

3.1

A

B.

3.2

A

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper. Solid for No. 10 AWG and smaller; Class B stranded for No. 8 AWG and
larger. Provide cost savings for using aluminum alloy feeders in sizes 125 amperes and larger.
Feeders smaller than 125 amps shall be copper.

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

CONDUCTOR INSULATION AND CABLE APPLICATIONS AND WIRING METHODS
Service Entrance: Type THWN-2 or XHHW, single conductors in raceway
Exposed Feeders: Type THHN-THWN-2 or XHHW, single conductors in raceway

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

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

Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN-2 or XHHW, single
conductors in raceway.
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F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN-2 or
XHHW, single conductors in raceway.

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:
Type THHN-THWN-2 or XHHW, single conductors in raceway.

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

l. Class 1 Control Circuits: Type THHN-THWN-2, in raceway.

J. Voltage Drop:

1. Conductors for branch circuits shall be sized for voltage drop not exceeding 3% at the
farthest outlet of power, heating, and lighting loads, or any combination of such loads.
The maximum total voltage drop on both feeders and branch circuits to the farthest outlet
shall not exceed 5%. For 120 volts 50 feet to 150 feet, use #10 AWG. For 120 volt
circuits over 150 feet use #8 AWG or as indicated on the drawings.

2. Where the conductor length from the panelboard to the first outlet on a 277 volt circuit
exceeds 125 feet, the branch circuit conductor from the panelboard to the first outlet shall
not be smaller than #10 AWG.

3.3 INSTALLATION OF CONDUCTORS AND CABLES

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

B.  Provide individual neutral for each circuit feeding electronic equipment.

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

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

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

F. Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems."

G. ldentify and color-code conductors and cables according to Division 26 Section "ldentification
for Electrical Systems."

3.4 CONNECTIONS

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

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

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

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

3.5 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
A. Coordinate sleeve selection and application with selection and application of firestopping

specified in Division 07 Section "Penetration Firestopping.”
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B.

C.

3.6

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16
inches (400 mm), thickness shall be 0.052 inch (1.3 mm).

2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or
more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch
(3.5 mm).

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both wall surfaces.
Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable
unless sleeve seal is to be installed or unless seismic criteria require different clearance.

Seal space outside of sleeves with grout for penetrations of concrete and masonry and with
approved joint compound for gypsum board assemblies.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and cable, using joint sealant appropriate for size, depth, and location of joint according to
Division 07 Section "Joint Sealants.”

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at cable penetrations. Install sleeves and seal with firestop materials according to
Division 07 Section "Penetration Firestopping."

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

Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and
sleeve for installing mechanical sleeve seals.

Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size
sleeves to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing
mechanical sleeve seals.

SLEEVE-SEAL INSTALLATION
Install to seal underground exterior-wall penetrations.

Use type and number of sealing elements recommended by manufacturer for cable material and
size. Position cable in center of sleeve. Assemble mechanical sleeve seals and install in annular
space between cable and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.
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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 Division 07 Section "Penetration

Firestopping."”

3.8 FIELD QUALITY CONTROL
A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections and prepare
test reports.
B.  Perform tests and inspections and prepare test reports.
C.  Testsand Inspections:

1. After installing conductors and cables and before electrical circuitry has been energized,
test service entrance and feeder conductors, and conductors feeding the following critical
equipment and services for compliance with requirements.

a. Lighting controls

b. Feeders and service entrance conductors

C. Panelboards

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

3. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final
Acceptance, perform an infrared scan of each splice in cables and conductors No. 3 AWG
and larger. Remove box and equipment covers so splices are accessible to portable
scanner.

a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of
each splice 11 months after date of Substantial Completion.

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

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

D.  Test Reports: Prepare a written report to record the following:

1. Test procedures used.

2. Test results that comply with requirements.

3. Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

E. Remove and replace malfunctioning units and retest as specified above.

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

PART 1 - GENERAL
11 RELATED DOCUMENTS

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

1.2 SUMMARY
A.  Section Includes: Grounding systems and equipment.

B.  Section includes grounding systems and equipment, plus the following special applications:
1. Underground distribution grounding.
2. Ground bonding common with lightning protection system.

1.3 SUBMITTALS
Product Data: For each type of product indicated.

B. Informational Submittals: Plans showing dimensioned as-built locations of grounding features
specified in "Field Quality Control™ Article, including the following:

Test wells.

Ground rods.

Ground rings.

Grounding arrangements and connections for separately derived systems.

Grounding for sensitive electronic equipment.

arwnE

C.  Qualification Data: For qualified testing agency and testing agency's field supervisor.
Field quality-control reports.

E.  Operation and Maintenance Data: For grounding to include in emergency, operation, and
maintenance manuals. In addition to items specified in Division 01 Section "Operation and
Maintenance Data," include the following:

1. Instructions for periodic testing and inspection of grounding features at test wells and
grounding connections for separately derived systems, based on NETA MTS or
NFPA 70B.

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

b. Include recommended testing intervals.

14 QUALITY ASSURANCE

A.  Testing Agency Qualifications: Member company of NETA or an NRTL.
1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site
testing.

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

C.  Comply with UL 467 for grounding and bonding materials and equipment.
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PART 2 - PRODUCTS
2.1 CONDUCTORS

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

B. Bare Copper Conductors:

1. Solid Conductors: ASTM B 3.

2. Tinned Conductors: ASTM B 33.

3. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

4. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8
inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

5. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

C.  Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100
mm) in cross section, by 24 inches long, and mounted in the main electrical room, with 9/32-
inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) apart. Stand-off insulators for mounting
shall comply with UL 891 for use in switchboards, 600 V. Lexan or PVC, impulse tested at
5000 V. Provide 12 inch long ground bars in each branch electrical room.

2.2 CONNECTORS

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

B.  Bolted Connectors for Conductors and Pipes: Copper or copper alloy, pressure type with at
least two bolts.
1. Pipe Connectors: Clamp type, sized for pipe.

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

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

2.3 GROUNDING ELECTRODES

A.  Ground Rods: Copper-clad; 3/4 inch by 10 feet (19 mm by 3 m) in diameter.
PART 3 - EXECUTION
3.1 APPLICATIONS

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

B.  Underground Grounding Conductors: Install bare copper conductor, No. 2/0 AWG minimum.
1. Bury at least 24 inches (600 mm) below grade.
2. Duct-Bank Grounding Conductor: Bury 12 inches (300 mm) above duct bank when
indicated as part of duct-bank installation.

C.  Grounding Bus: Install in electrical and telephone equipment rooms, in rooms housing service
equipment, and elsewhere as indicated.
1. Install bus on insulated spacers 2 inches (50 mm) minimum from wall, 6 inches (150
mm) above finished floor unless otherwise indicated.
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2. Where indicated on both sides of doorways, route bus up to top of door frame, across top
of doorway, and down to specified height above floor; connect to horizontal bus.

D.  Conductor Terminations and Connections:
1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
2. Underground Connections: Welded connectors except at test wells and as otherwise
indicated.
3. Connections to Ground Rods at Test Wells: Bolted connectors.
4. Connections to Structural Steel: Welded connectors.

3.2 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
A.  Comply with IEEE C2 grounding requirements.

w

Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole
floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. If
necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-
copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall.
Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive
insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150
mm) below concrete. Seal floor opening with waterproof, nonshrink grout.

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

o

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

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

D. Signal and Communication Equipment: In addition to grounding and bonding required by
NFPA 70, provide a separate grounding system complying with requirements in TIA/ATIS J-
STD-607-A.

1. For telephone, alarm, voice and data, and other communication equipment, provide
No. 4 AWG minimum insulated grounding conductor in raceway from grounding
electrode system to each service location, terminal cabinet, wiring closet, and central
equipment location.

2. Service and Central Equipment Locations and Wiring Closets: Terminate grounding
conductor on a 1/4-by-4-by-12-inch (6.3-by-100-by-300-mm) grounding bus.

3. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.

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

3.4 INSTALLATION

A.  Grounding Conductors: Route along shortest and straightest paths possible unless otherwise
indicated or required by Code. Avoid obstructing access or placing conductors where they may
be subjected to strain, impact, or damage.
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B.  Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and
UL 96 when interconnecting with lightning protection system. Bond electrical power system
ground directly to lightning protection system grounding conductor at closest point to electrical
service grounding electrode. Use bonding conductor sized same as system grounding electrode
conductor, and install in conduit.

C. Provide three means for main service grounding: to the metallic cold water pipe, per NEC, to
the steel frame of the building if the building is effectively grounded, and to at least three
ground rods. Ground rods shall be at least 12 feet apart in a triangular configuration. All
grounding connections shall be accessible.

D.  Ground Rods: Drive rods until tops are 2 inches (50 mm) 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. For grounding electrode system, install at least three rods spaced at least 1.2 ground rod
length from each other and located at least the same distance from other grounding
electrodes, and connect to the service grounding electrode conductor.

E.  Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems,"
and shall be at least 12 inches (300 mm) deep, with cover.

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

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
any adjacent parts.

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

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

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 a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of
the lug bolts of the flange. Where a dielectric main water fitting is installed, connect
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or
sleeve to conductor at each end.

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

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

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.
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3.5

3.6

Grounding for Steel Building Structure: Install a driven ground rod at base of each corner
column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.

Ground Ring: Install a grounding conductor, electrically connected to each building structure

ground rod and to each steel column extending around the perimeter of building.

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

2. Bury ground ring not less than 24 inches (600 mm) from building's foundation.

Ufer Ground (Concrete-Encased Grounding Electrode): Fabricate according to NFPA 70; use a

minimum of 20 feet (6 m) of bare copper conductor not smaller than No. 4 AWG.

1. If concrete foundation is less than 20 feet (6 m) long, coil excess conductor within base
of foundation.

2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor
bolts. Extend grounding conductor below grade and connect to building's grounding grid
or to grounding electrode external to concrete.

LABELING

Comply with requirements in Division 26 Section "ldentification for Electrical Systems" Article
for instruction signs. The label or its text shall be green.

Install labels at the telecommunications bonding conductor and grounding equalizer and at the

grounding electrode conductor where exposed.

1. Label Text: "If this connector or cable is loose or if it must be removed for any reason,
notify the facility manager."

FIELD QUALITY CONTROL
Testing Agency: Engage a qualified testing agency to perform tests and inspections.

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

Perform tests and inspections.

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

Tests and Inspections:

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

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

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

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

b. Perform tests by fall-of-potential method according to IEEE 81.
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4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod
assembly, and other grounding electrodes. Identify each by letter in alphabetical order,
and key to the record of tests and observations. Include the number of rods driven and
their depth at each location, and include observations of weather and other phenomena
that may affect test results. Describe measures taken to improve test results.

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

G.  Report measured ground resistances that exceed the following values:
1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
4, Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).

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

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

PART 1 - GENERAL

11

A.

1.2

1.3

14

15

RELATED DOCUMENTS

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

SUMMARY

This Section includes the following:

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

Related Sections include the following:

1. Division 26 Section "Vibration And Seismic Controls For Electrical Systems" for
products and installation requirements necessary for compliance with seismic criteria.

DEFINITIONS

EMT: Electrical metallic tubing.

IMC: Intermediate metal conduit.

RMC: Rigid metal conduit.

PERFORMANCE REQUIREMENTS

Delegated Design: Design supports for multiple raceways, including comprehensive
engineering analysis by a qualified professional engineer, using performance requirements and

design criteria indicated.

Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.

Design equipment supports capable of supporting combined operating weight of supported
equipment and connected systems and components.

Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads
calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

SUBMITTALS

Product Data: For the following:
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B.

C.

1.6

A

B.

1.7

A

B.

1. Steel slotted support systems.
2. Nonmetallic slotted support systems.

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

1. Trapeze hangers. Include Product Data for components.

2. Steel slotted channel systems. Include Product Data for components.

3. Nonmetallic slotted channel systems. Include Product Data for components.
4, Equipment supports.

Welding certificates.

QUALITY ASSURANCE

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

Comply with NFPA 70.
COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Division 03.

Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items
are specified in Division 07 Section "Roof Accessories."

PART 2 - PRODUCTS

2.1

A

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

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

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

a. Allied Tube & Conduit.
b. Cooper B-Line, Inc.; a division of Cooper Industries.
C. ERICO International Corporation.

d. GS Metals Corp.
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e. Thomas & Betts Corporation.
f. Unistrut; Tyco International, Ltd.
g. Wesanco, Inc.

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

3. Nonmetallic Coatings: Manufacturer's standard PVVC, polyurethane, or polyester coating
applied according to MFMA-4.

4. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-
4,

5. Channel Dimensions: Selected for applicable load criteria.

B.  Raceway and Cable Supports: As described in NECA 1 and NECA 101.

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

exterior building walls shall be spaced off the wall surface a minimum of ¥ inch using clamp
backs or uni-strut.

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

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

F. 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, stainless steel, for use in hardened
portland cement concrete with tension, shear, and pullout capacities appropriate for
supported loads and building materials in which used.

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

1)  Cooper B-Line, Inc.; a division of Cooper Industries.
2) Empire Tool and Manufacturing Co., Inc.
3) Hilti Inc.

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
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5) MKT Fastening, LLC.

2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

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

4. Through Bolts: Structural type, hex head, and high strength. Comply with
ASTM A 325.

5. Toggle Bolts: All-steel springhead type.
6. Hanger Rods: Threaded steel.
2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

B.  Materials: Comply with requirements in Division 05 Section "Metal Fabrications" for steel
shapes and plates.

PART 3 - EXECUTION
3.1 APPLICATION

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

B.  Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less
than stated in NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in diameter.

C.  Multiple Raceways: 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 or single-bolt
conduit clamps using spring friction action for retention in support channel.

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

3.2 SUPPORT INSTALLATION

A.  Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
Article.
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3.3

3.4

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

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

1. To Wood: Fasten with lag screws or through bolts.
2. To New Concrete: Bolt to concrete inserts.

3. To Masonry: Approved toggle-type bolts on hollow masonry units; metal expansion
shields and machine screws or standard pre-set inserts, on solid masonry units.

4. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers
and nuts.

5. To Light Steel: Sheet metal screws or bolts.

6. 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 meet seismic-restraint strength and anchorage requirements.

Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.

INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in Division 05 Section "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.

CONCRETE BASES

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

Use 3000-psi (20.7-MPa) 28-day compressive-strength concrete. Concrete materials,
reinforcement, and placement requirements are specified in Division 03 Section "Cast-in-Place

Concrete.

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

embedded.
2. Install anchor bolts to elevations required for proper attachment to supported equipment.
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

3.5 PAINTING

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

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

B.  Touchup: Comply with requirements in Division 09 painting Sections for cleaning and touchup
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous
metal.

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

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

PART 1 - GENERAL

11

A

1.2

1.3

14

o

o 0O

m

RELATED DOCUMENTS

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

SUMMARY
This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
Related Sections include the following:

1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for
exterior ductbanks, manholes, and underground utility construction.

DEFINITIONS

EMT: Electrical metallic tubing.

EPDM: Ethylene-propylene-diene terpolymer rubber.
FMC: Flexible metal conduit.

IMC: Intermediate metal conduit.

RGS: Rigid Steel conduit.

LFMC: Liquidtight flexible metal conduit.

NBR: Acrylonitrile-butadiene rubber.

RNC: Rigid nonmetallic conduit.

SUBMITTALS

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

Shop Drawings: For the following raceway components. Include plans, elevations, sections,
details, and attachments to other work.

1. Custom enclosures and cabinets.
2. For handholes and boxes for underground wiring, including the following:

a. Duct entry provisions, including locations and duct sizes.
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b. Frame and cover design.

C. Grounding details.

d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
e. Joint details.

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

1. Structural members in the paths of conduit groups with common supports.

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

D.  Manufacturer Seismic Qualification Certification: Submit certification that enclosures and
cabinets and their mounting provisions, including those for internal components, will withstand
seismic forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical
Systems." Include the following:

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

E.  Qualification Data: For professional engineer and testing agency.
F. Source quality-control test reports.
15 QUALITY ASSURANCE
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Avrticle 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.
B.  Comply with NFPA 70.
PART 2 - PRODUCTS
2.1 METAL CONDUIT AND TUBING

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

1. Allied Tube & Conduit; a Tyco International Ltd. Co.
2. Anamet Electrical, Inc.; Anaconda Metal Hose.
3. Maverick Tube Corporation.

4. O-Z Gedney; a unit of General Signal.
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5. Wheatland Tube Company.

B.  Rigid Steel Conduit: ANSI C80.1.

C. IMC: ANSI C80.6.

D.  PVC-Coated Steel Conduit: PVC-coated RGS or IMC
1. Comply with NEMA RN 1.
2. Coating Thickness: 0.040 inch (1 mm), minimum.

E. EMT: ANSI C80.3.

F. FMC: Zinc-coated steel.

G. LFMC: Flexible steel conduit with PVC jacket.

H.  Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:
NEMA FB 1; listed for type and size raceway with which used, and for application and
environment in which installed.

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886.

2. Fittings for EMT: Steel plated hexagonal compression type. No pot metal, set screw or
indented type couplings shall be utilized.

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

I Joint Compound for Rigid Steel Conduit or IMC: Listed for use in cable connector assemblies,
and compounded for use to lubricate and protect threaded raceway joints from corrosion and
enhance their conductivity.

2.2 NONMETALLIC CONDUIT AND TUBING

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

1. Anamet Electrical, Inc.; Anaconda Metal Hose.
2. Arnco Corporation.

3. CANTEX Inc.

4. CertainTeed Corp.; Pipe & Plastics Group.

5. Condux International, Inc.

6. ElecSYS, Inc.
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2.3

24

25

7. Lamson & Sessions; Carlon Electrical Products.

8. RACO; a Hubbell Company.

9. Thomas & Betts Corporation.

RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.

Fittings for RNC: NEMA TC 3; match to conduit or tubing type and material.
OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS

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

1. Arnco Corporation.

2. Endot Industries Inc.

3. IPEX Inc.

4, Lamson & Sessions; Carlon Electrical Products.

Description: Comply with UL 2024; flexible type, approved for plenum and riser installation.
METAL WIREWAYS

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

1. Cooper B-Line, Inc.

2. Hoffman.

3. Square D; Schneider Electric.

Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1 or 3R as indicated.
Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-
down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.

Wireway Covers: Hinged type.

Finish: Manufacturer's standard enamel finish.

SURFACE RACEWAYS

Surface Metal Raceways: Galvanized steel with snap-on covers. Manufacturer's standard
enamel finish in color selected by Architect.
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a. Thomas & Betts Corporation.

b. Walker Systems, Inc.; Wiremold Company (The).

C. Wiremold Company (The); Electrical Sales Division.
2.6 BOXES, ENCLOSURES, AND CABINETS

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

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.

2. EGS/Appleton Electric.

3. Erickson Electrical Equipment Company.

4. Hoffman.

5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division.

6. O-Z/Gedney; a unit of General Signal.

7. RACO; a Hubbell Company.

8. Robroy Industries, Inc.; Enclosure Division.

9. Scott Fetzer Co.; Adalet Division.

10.  Spring City Electrical Manufacturing Company.

11. Thomas & Betts Corporation.

12.  Walker Systems, Inc.; Wiremold Company (The).

13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary.
B.  Sheet Metal Outlet and Device Boxes: NEMA OS 1.

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

D.  Metal Floor Boxes: Cast metal, fully adjustable, rectangular.
E.  Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

F. Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, cast aluminum, with gasketed
cover.
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G.  Hinged-Cover Enclosures: NEMA 250, Type 1, with continuous-hinge cover with flush latch,
unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
H.  Cabinets:

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable

front, finished inside and out with manufacturer's standard enamel.

2. Hinged door in front cover with flush latch and concealed hinge.

3. Key latch to match panelboards.

4. Metal barriers to separate wiring of different systems and voltage.

5. Accessory feet where required for freestanding equipment.

2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

A.  Description: Comply with SCTE 77.

1.

2.

Color of Frame and Cover: Gray.

Configuration: Units shall be designed for flush burial and have open bottom, unless
otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend: Molded lettering, "ELECTRIC.", "TELEPHONE."

Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts
for secure, fixed installation in enclosure wall.

Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger
shall have inserts for cable racks and pulling-in irons installed before concrete is poured.

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

1.

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

a. Armorcast Products Company.

b. Carson Industries LLC.
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C. CDR Systems Corporation.
d. NewBasis.
2.8 SLEEVES FOR RACEWAYS
A.  Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.
B.  Cast-lron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.
C.  Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch
(1.3- or 3.5-mm) thickness as indicated and of length to suit application.
D.  Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."”
2.9 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES
A.  Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance

with SCTE 77. Strength tests shall be for specified tier ratings of products supplied.

1. Tests of materials shall be performed by a independent testing agency.

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

by manufacturer.

3. Testing machine pressure gages shall have current calibration certification complying
with 1SO 9000 and ISO 10012, and traceable to NIST standards.

PART 3 - EXECUTION

3.1

A

RACEWAY APPLICATION

Outdoors: Apply raceway products as specified below, unless otherwise indicated:
1. Exposed Conduit: RGS or IMC.

2. Concealed Conduit, Aboveground: Rigid steel conduit or IMC.

3. Underground Conduit: RNC, Type EPC-40 PVC, direct buried.

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

5. Boxes and Enclosures, Aboveground: NEMA 250, Type 4.

6. Application of Handholes and Boxes for Underground Wiring:
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a. Handholes and Pull Boxes in Driveway, Parking Lot, and Off-Roadway Locations,
Subject to Occasional, Nondeliberate Loading by Heavy Vehicles: Polymer
concrete, SCTE 77, Tier 15 structural load rating.
b. Handholes and Pull Boxes in Sidewalk and Similar Applications with a Safety
Factor for Nondeliberate Loading by Vehicles: Polymer-concrete units SCTE 77,
Tier 8 structural load rating.
B.  Comply with the following indoor applications, unless otherwise indicated:
1. Exposed, Not Subject to Physical Damage: EMT.
2. Exposed, Not Subject to Severe Physical Damage: EMT.

3. Exposed and Subject to Severe Physical Damage: Rigid steel conduit or IMC. Includes
raceways in the following locations:

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

4. Concealed in Ceilings and Interior Walls and Partitions: EMT.

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
:zléa;:;cigﬁjolenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet

6. Damp or Wet Locations: RGC or IMC.

7. Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4, stainless
steel in damp or wet locations.

C.  Minimum Raceway Size: 3/4-inch (21-mm) trade size.
D.  Raceway Fittings: Compatible with raceways and suitable for use and location.

1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless
otherwise indicated.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with that
material. Patch and seal all joints, nicks, and scrapes in PVC coating after installing
conduits and fittings. Use sealant recommended by fitting manufacturer.

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

F. Do not install aluminum conduits in contact with concrete.

3.2 INSTALLATION
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A.  Comply with NECA 1 for installation requirements applicable to products specified in Part 2
except where requirements on Drawings or in this Article are stricter.

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

C.  Complete raceway installation before starting conductor installation.

D.  Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical
Systems."

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

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for
communications conduits, for which fewer bends are allowed.

G.  Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise
indicated.

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

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

J. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-Ib (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end
of pull wire.

K. No raceways may be installed in slabs.

L. Raceways for Optical Fiber and Communications Cable: Install raceways, metallic and
nonmetallic, rigid and flexible, as follows:

1. 3/4-Inch (19-mm) Trade Size and Smaller: Install raceways in maximum lengths of 50

feet (15 m).

2. 1-Inch (25-mm) Trade Size and Larger: Install raceways in maximum lengths of 75 feet
(23 m).

3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway

unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

M. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
sealing fittings at the following points:
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1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.

2. Where otherwise required by NFPA 70.

N.  Flexible Conduit Connections: Use maximum of 72 inches (1830 mm) of flexible conduit for
recessed and semirecessed lighting fixtures, equipment subject to vibration, noise transmission,
or movement; and for transformers and motors.

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

0. 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.

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

Q. Setnonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.
3.3 INSTALLATION OF UNDERGROUND CONDUIT

A.  Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench
bottom as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches
(150 mm) in nominal diameter.

2. Install backfill as specified in Division 31 Section "Earth Moving."

3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end
of conduit run, leaving conduit at end of run free to move with expansion and contraction
as temperature changes during this process. Firmly hand tamp backfill around conduit to
provide maximum supporting strength. After placing controlled backfill to within 12
inches (300 mm) of finished grade, make final conduit connection at end of run and
complete backfilling with normal compaction as specified in Division 31 Section "Earth
Moving."

4, Install manufactured duct elbows for stub-ups at poles and equipment and at building
entrances through the floor, unless otherwise indicated. Encase elbows for stub-up ducts
throughout the length of the elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete.
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3.4

3.5

b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit
horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

6. Warning Planks: Bury warning planks approximately 12 inches (300 mm) above direct-
buried conduits, placing them 24 inches (600 mm) o.c. Align planks along the width and
along the centerline of conduit.

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting conduits to minimize bends and deflections required for proper entrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent
undisturbed earth.

Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of
other enclosures 1 inch (25 mm) above finished grade.

Install handholes and boxes with bottom below the frost line.
Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Select arm

lengths to be long enough to provide spare space for future cables, but short enough to preserve
adequate working clearances in the enclosure.

Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings
to be used, and seal around penetrations after fittings are installed.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side
greater than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches (1270
mm) and 1 or more sides equal to, or greater than, 16 inches (400 mm), thickness shall be
0.138 inch (3.5 mm).

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 11



DEVITA HENDERSONVILLE HIGH SCHOOL PFA #: 1956
ADDITIONS AND RENOVATIONS LS3P #: 3201-186120
Construction Documents Hendersonville, NC November 27, 2019

E.  Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

F. Cut sleeves to length for mounting flush with both surfaces of walls.

G.  Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

H.  Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway
unless sleeve seal is to be installed or unless seismic criteria require different clearance.

I Seal space outside of sleeves with grout for penetrations of concrete and masonry and with
approved joint compound for gypsum board assemblies.

J. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and raceway, using joint sealant appropriate for size, depth, and location of joint. Refer to
Division 07 Section "Joint Sealants” for materials and installation.

K.  Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway penetrations. Install sleeves and seal with firestop materials. Comply
with Division 07 Section "Penetration Firestopping."

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

M.  Aboveground, Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe
and sleeve for installing mechanical sleeve seals.

N.  Underground, Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size
sleeves to allow for 1-inch (25-mm) annular clear space between raceway and sleeve for
installing mechanical sleeve seals.

3.6 PROTECTION
A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are

without damage or deterioration at time of Substantial Completion.

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

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

END OF SECTION 260533
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SECTION 260536 - CABLE TRAYS FOR ELECTRICAL SYSTEMS
PART 1 - GENERAL

11

1.2

1.3

14

A

A

A.

RELATED DOCUMENTS

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

SUMMARY
This Section includes aluminum cable trays and accessories.
SUBMITTALS

Product Data: Include data indicating dimensions and finishes for each type of cable tray
indicated.

Shop Drawings: For each type of cable tray.

1. Show fabrication and installation details of cable tray, including plans, elevations, and
sections of components and attachments to other construction elements. Designate
components and accessories, including clamps, brackets, hanger rods, splice-plate
connectors, expansion-joint assemblies, straight lengths, and fittings.

2. Seismic-Restraint Details: Signed and sealed by a qualified professional engineer,
licensed in the state where Project is located, who is responsible for their preparation.

a. Design Calculations: Calculate requirements for selecting seismic restraints.

b. Detail fabrication, including anchorages and attachments to structure and to
supported cable trays.

Coordination Drawings: Floor plans and sections, drawn to scale. Include scaled cable tray
layout and relationships between components and adjacent structural, electrical, and mechanical
elements. Show the following:

1. Vertical and horizontal offsets and transitions.

2. Clearances for access above and to side of cable trays.

3. Vertical elevation of cable trays above the floor or bottom of ceiling structure.
Field quality-control reports.

Operation and Maintenance Data: For cable trays to include in emergency, operation, and
maintenance manuals.

QUALITY ASSURANCE

Source Limitations: Obtain cable tray components through one source from a single
manufacturer.

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

Comply with NFPA 70.
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15 DELIVERY, STORAGE, AND HANDLING

A.  Store indoors to prevent water or other foreign materials from staining or adhering to cable tray.
Unpack and dry wet materials before storage.

PART 2 - PRODUCTS
2.1 MANUFACTURERS

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

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

1. Chalfant Manufacturing Company.

Cooper B-Line, Inc.

Cope, T. J., Inc.; a subsidiary of Allied Tube & Conduit.
GS Metals Corp.; GLOBETRAY Products.
MONO-SYSTEMS, Inc.

PW Industries.

2.2 MATERIALS AND FINISHES

A.  Cable Trays, Fittings, and Accessories: Aluminum, complying with NEMA VE 1, Aluminum
Association's Alloy 6063-T6 for rails, rungs, and cable trays, and Alloy 5052-H32 or
Alloy 6061-T6 for fabricated parts; with Type 316 stainless-steel splice-plate fasteners, bolts,
and screws

o o~ D

B.  Sizes and Configurations: Refer to Drawings for specific requirements for types, materials,
sizes, and configurations. No Basket Style cable tray shall be permitted.

2.3 CABLE TRAY ACCESSORIES

A. Fittings: Tees, crosses, risers, elbows, and other fittings as indicated, of same materials and
finishes as cable tray.

B.  Barrier Strips: Same materials and finishes as cable tray.

C.  Cable tray supports and connectors, including bonding jumpers, as recommended by cable tray
manufacturer.

24 WARNING SIGNS

A.  Lettering: 1-1/2-inch- (40-mm-) high, black letters on yellow background with legend
"WARNING! NOT TO BE USED AS WALKWAY, LADDER, OR SUPPORT FOR
LADDERS OR PERSONNEL."

B.  Materials and fastening are specified in Division 26 Section "ldentification for Electrical
Systems."

2.5 SOURCE QUALITY CONTROL
A.  Perform design and production tests according to NEMA VE 1.
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PART 3 - EXECUTION
3.1 CABLE TRAY INSTALLATION

A.  Comply with recommendations in NEMA VE 2. Install as a complete system, including all
necessary fasteners, hold-down clips, splice-plate support systems, barrier strips, hinged
horizontal and vertical splice plates, elbows, reducers, tees, and crosses.

B.  Remove burrs and sharp edges from cable trays.

C.  Fasten cable tray supports to building structure and install seismic restraints.
1. Design each fastener and support to carry load indicated by seismic requirements.
2. Place supports so that spans do not exceed maximum spans on schedules.

3. Construct supports from channel members, threaded rods, and other appurtenances
furnished by cable tray manufacturer. Arrange supports in trapeze or wall-bracket form
as required by application.

4, Support bus assembly to prevent twisting from eccentric loading.
5. Locate and install supports according to NEMA VE 1.

D.  Make connections to equipment with flanged fittings fastened to cable tray and to equipment.
Support cable tray independent of fittings. Do not carry weight of cable tray on equipment
enclosure.

E. Install expansion connectors where cable tray crosses building expansion joint and in cable tray
runs that exceed dimensions recommended in NEMA VE 1. Space connectors and set gaps
according to applicable standard.

F. Make changes in direction and elevation using standard fittings.
G.  Make cable tray connections using standard fittings.

H.  Seal penetrations through fire and smoke barriers according to Division 07 Section "Penetration
Firestopping."

I Sleeves for Future Cables: Install capped sleeves for future cables through firestop-sealed cable
tray penetrations of fire and smoke barriers.

J. Workspace: Install cable trays with enough space to permit access for installing cables.

K. Install barriers to separate cables of different systems, such as power, communications, and data
processing; or of different insulation levels, such as 600, 5000, and 15 000 V.

L.  After installation of cable trays is completed, install warning signs in visible locations on or
near cable trays.

3.2 CABLE INSTALLATION
Install cables only when cable tray installation has been completed and inspected.

B.  Fasten cables on horizontal runs with cable clamps or cable ties as recommended by
NEMA VE 2. Tighten clamps only enough to secure the cable, without indenting the cable
jacket. Install cable ties with a tool that includes an automatic pressure-limiting device.

C.  On vertical runs, fasten cables to tray every 18 inches (457 mm). Install intermediate supports
when cable weight exceeds the load-carrying capacity of the tray rungs.

D. Inexisting construction, remove inactive or dead cables from cable tray.
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E. Install covers after installation of cable is completed.

33 CONNECTIONS
Ground cable trays according to manufacturer's written instructions.

B. Install an insulated equipment grounding conductor with cable tray, in addition to those required
by NFPA 70.

3.4 FIELD QUALITY CONTROL

A.  After installing cable trays and after electrical circuitry has been energized, survey for
compliance with requirements. Perform the following field quality-control survey:

1. Visually inspect cable insulation for damage. Correct sharp corners, protuberances in
cable tray, vibration, and thermal expansion and contraction conditions, which may cause
or have caused damage.

2. Verify that the number, size, and voltage of cables in cable tray do not exceed that
permitted by NFPA 70. Verify that communication or data-processing circuits are
separated from power circuits by barriers.

3. Verify that there is no intrusion of such items as pipe, hangers, or other equipment that
could damage cables.

4. Remove deposits of dust, industrial process materials, trash of any description, and any
blockage of tray ventilation.

5. Visually inspect each cable tray joint and each ground connection for mechanical
continuity. Check bolted connections between sections for corrosion. Clean and retorque
in suspect areas.

6. Check for missing or damaged bolts, bolt heads, or nuts. When found, replace with
specified hardware.

7. Perform visual and mechanical checks for adequacy of cable tray grounding; verify that
all takeoff raceways are bonded to cable tray.

B.  Report results in writing.
3.5 PROTECTION
A.  Protect installed cable trays.

1. Install temporary protection for cables in open trays to protect exposed cables from
falling objects or debris during construction. Temporary protection for cables and cable
tray can be constructed of wood or metal materials until the risk of damage is over.

END OF SECTION 260536
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SECTION 260543 - UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

1.2

13

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

1. Conduit, ducts, and duct accessories for direct-buried and concrete-encased duct
banks, and in single duct runs.

2. Handholes and pull boxes.

DEFINITION

RNC: Rigid nonmetallic conduit.

SUBMITTALS

Product Data: For the following:

1. Duct-bank materials, including separators and miscellaneous components.

2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, and
solvent cement.

3. Accessories for manholes, handholes, pull boxes.

4, Warning tape.

5. Warning Planks.

Shop Drawings for Factory-Fabricated Handholes and Pull Boxes Other Than Precast Concrete:
Include dimensioned plans, sections, and elevations, and fabrication and installation details,
including the following:

1. Duct entry provisions, including locations and duct sizes.

2. Cover design.

3. Grounding details.

4. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 260543 - 1



DEVITA HENDERSONVILLE HIGH SCHOOL PFA #: 1956
ADDITIONS AND RENOVATIONS LS3P #: 3201-186120
Construction Documents Hendersonville, NC November 27, 2019

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

1. Include plans and sections, drawn to scale, and show bends and locations of expansion
fittings.
2. Drawings shall be signed and sealed by a qualified professional engineer.

D.  Product Certificates: For concrete and steel used in precast concrete manholes, pull boxes and
handholes, comply with ASTM C 858.

E.  Qualification Data: For qualified professional engineer and testing agency.

F. Source quality-control reports.

G.  Field quality-control reports.

15 QUALITY ASSURANCE

A.  Comply with IEEE C2.

B.  Comply with NFPA 70.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Deliver ducts to Project site with ends capped. Store nonmetallic ducts with supports to prevent
bending, warping, and deforming.

B.  Store precast concrete and other factory-fabricated underground utility structures at Project site
as recommended by manufacturer to prevent physical damage. Arrange so identification
markings are visible.

C.  Lift and support precast concrete units only at designated lifting or supporting points.

1.7 PROJECT CONDITIONS

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

1. Notify Architect no fewer than five days in advance of proposed interruption of electrical
service.
2. Do not proceed with interruption of electrical service without Architect's written
permission.
1.8 COORDINATION
A.  Coordinate layout and installation of ducts, manholes, handholes, and pull boxes with final

arrangement of other utilities, site grading, and surface features as determined in the field.
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B.

1.9

A.

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

EXTRA MATERIALS

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

PART 2 - PRODUCTS

2.1

A

B.

2.2

A

B.

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

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

NONMETALLIC DUCTS AND DUCT ACCESSORIES

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

1. AFC Cable Systems.

2. ARNCO Corporation.

3. Beck Manufacturing.

4, Cantex, Inc.

5. CertainTeed Corp.

6. Condux International, Inc.

7. DCX-CHOL Enterprises, Inc.; ELECSYS Division.
8. Electri-Flex Company.

9. IPEX Inc.

10. Lamson & Sessions; Carlon Electrical Products.
11. Manhattan Wire Products; a Belden company.

Underground Plastic Utilities Duct: NEMA TC 6 & 8, Type DB-60-PVC, ASTM F 512, with
matching fittings by the same manufacturer as the duct, complying with NEMA TC 9.
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C. Duct Accessories:

1.

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

Warning Tape: Underground-line warning tape specified in Division 26 Section
"Identification for Electrical Systems."

2.3 HANDHOLES AND PULL BOXES OTHER THAN PRECAST CONCRETE

A.  Description: Comply with SCTE 77.

1.

2.

Color: Gray.

Configuration: Units shall be designed for flush burial and have open bottom unless
otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend: Molded lettering,
a. "ELECTRIC" or "TELEPHONE" As indicated for each service.

b. Tier level number, indicating that the unit complies with the structural load test for
that tier according to SCTE 77.

Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings
or end-bell fittings, retained to suit box material, sized for wiring indicated, and arranged
for secure, fixed installation in enclosure wall.

Duct Entrance Provisions: Duct-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger
shall have factory-installed inserts for cable racks and pulling-in irons.

B.  Polymer Concrete Handholes and Pull Boxes with Polymer Concrete Cover: Molded of sand
and aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a
combination of the two. Handholes and pull boxes shall comply with the requirements of
SCTE 7 Tier loading according to application.

1.

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

a. Armorcast Products Company.
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b. Carson Industries LLC.
C. CDR Systems Corporation.
d. NewBasis.
24 SOURCE QUALITY CONTROL
A.  Nonconcrete Handhole and Pull Box Prototype Test: Test prototypes of manholes and pull
boxes for compliance with SCTE 77. Strength tests shall be for specified Tier ratings of

products supplied.

1. Testing Agency: Engage a qualified testing agency to evaluate nonconcrete handholes
and pull boxes.

2. Testing machine pressure gages shall have current calibration certification complying
with 1SO 9000 and 1SO 10012, and traceable to NIST standards.

PART 3 - EXECUTION
3.1 CORROSION PROTECTION

A.  Aluminum shall not be installed in contact with earth or concrete.
3.2 UNDERGROUND DUCT APPLICATION

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

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

C. Underground Ducts for Telephone, Communications, or Data Utility Service Cables: RNC,
NEMA Type EPC-40-PVC, in concrete-encased duct bank unless otherwise indicated.

D.  Underground Ducts for Telephone, Communications, or Data Circuits: RNC, NEMA Type EB-
20-PVC, in concrete-encased duct bank unless otherwise indicated.

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

3.3 UNDERGROUND ENCLOSURE APPLICATION

A. Handholes and Pull Boxes for 600 V and Less, Including Telephone, Communications, and
Data Wiring:

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete.
AASHTO HB 17, H-10 structural load rating.
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2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional,
Nondeliberate Loading by Heavy Vehicles: Polymer concrete, SCTE 77, Tier 15 or
Tier 22 structural load rating.

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate
Loading by Vehicles: Polymer concrete units, SCTE 77, Tier 8 structural load rating.

4. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester
resin, structurally tested according to SCTE 77 with 3000-1bf (13 345-N) "Light-Duty"
vertical loading.

3.4 EARTHWORK

3.5

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

Restore surface features at areas disturbed by excavation and reestablish original grades unless
otherwise indicated. Replace removed sod immediately after backfilling is completed.

Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and
mulching. Comply with Division 32 Sections "Turf and Grasses" and "Plants."

Cut and patch existing pavement in the path of underground ducts and utility structures
according to Division 01 Section "Cutting and Patching."”

DUCT INSTALLATION

Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away
from buildings and equipment. Slope ducts from a high point in runs between two manholes to
drain in both directions.

Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use
manufactured long sweep bends with a minimum radius of 48 inches (1220 mm), both
horizontally and vertically, at other locations unless otherwise indicated.

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

Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells,
spaced approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) ducts, and vary
proportionately for other duct sizes.

1. Begin change from regular spacing to end-bell spacing 10 ft. (3 m) from the end bell
without reducing duct line slope and without forming a trap in the line.

2. Direct-Buried Duct Banks: Install an expansion and deflection fitting in each conduit in
the area of disturbed earth adjacent to manhole or handhole.
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3. Grout end bells into structure walls from both sides to provide watertight entrances.

E. Building Wall Penetrations: Make a transition from underground duct to rigid steel conduit at
least 10 ft. (3 m) outside the building wall without reducing duct line slope away from the
building and without forming a trap in the line. Use fittings manufactured for duct-to-conduit
transition. Install conduit penetrations of building walls as specified in Division 26 Section
"Common Work Results for Electrical."

F. Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare
ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig (1.03-
MPa) hydrostatic pressure.

G.  Pulling Cord: Install 100-Ibf- (445-N-) test nylon cord in ducts, including spares.
H.  Concrete-Encased Ducts: Support ducts on duct separators.

1. Separator Installation: Space separators close enough to prevent sagging and deforming
of ducts, with not less than 4 spacers per 20 ft. (6 m) of duct. Secure separators to earth
and to ducts to prevent floating during concreting. Stagger separators approximately 6
inches (150 mm) between tiers. Tie entire assembly together using fabric straps; do not
use tie wires or reinforcing steel that may form conductive or magnetic loops around
ducts or duct groups.

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

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

b. If more than one pour is necessary, terminate each pour in a vertical plane and
install 3/4-inch (19-mm) reinforcing rod dowels extending 18 inches (450 mm)
into concrete on both sides of joint near corners of envelope.

3. Pouring Concrete: Spade concrete carefully during pours to prevent voids under and
between conduits and at exterior surface of envelope. Do not allow a heavy mass of
concrete to fall directly onto ducts. Use a plank to direct concrete down sides of bank
assembly to trench bottom. Allow concrete to flow to center of bank and rise up in
middle, uniformly filling all open spaces. Do not use power-driven agitating equipment
unless specifically designed for duct-bank application.

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

5. Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting
and concrete envelope can be poured without soil inclusions; otherwise, use forms.
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Minimum Space between Ducts: 3 inches (75 mm) between ducts and exterior envelope
wall, 2 inches (50 mm) between ducts for like services, and 4 inches (100 mm) between
power and signal ducts.

Depth: Install top of duct bank at least 24 inches (600 mm) below finished grade in areas
not subject to deliberate traffic, and at least 30 inches (750 mm) below finished grade in
deliberate traffic paths for vehicles unless otherwise indicated.

Stub-Ups: Use manufactured rigid steel conduit elbows for stub-ups at poles and
equipment and at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete.

b. Stub-Ups to Equipment: For equipment mounted on outdoor concrete bases,
extend steel conduit horizontally a minimum of 60 inches (1500 mm) from edge of
base. Install insulated grounding bushings on terminations at equipment.

Warning Tape: Bury warning tape approximately 12 inches (300 mm) above all
concrete-encased ducts and duct banks. Align tape parallel to and within 3 inches (75
mm) of the centerline of duct bank. Provide an additional warning tape for each 12-inch
(300-mm) increment of duct-bank width over a nominal 18 inches (450 mm). Space
additional tapes 12 inches (300 mm) apart, horizontally.

. Direct-Buried Duct Banks:

1.

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

Space separators close enough to prevent sagging and deforming of ducts, with not less
than 4 spacers per 20 ft. (6 m) of duct. Secure separators to earth and to ducts to prevent
displacement during backfill and yet permit linear duct movement due to expansion and
contraction as temperature changes. Stagger spacers approximately 6 inches (150 mm)
between tiers.

Excavate trench bottom to provide firm and uniform support for duct bank. Prepare
trench bottoms as specified in Division 31 Section "Earth Moving" for pipes less than 6
inches (150 mm) in nominal diameter.

Install backfill as specified in Division 31 Section "Earth Moving."

After installing first tier of ducts, backfill and compact. Start at tie-in point and work
toward end of duct run, leaving ducts at end of run free to move with expansion and
contraction as temperature changes during this process. Repeat procedure after placing
each tier. After placing last tier, hand-place backfill to 4 inches (100 mm) over ducts and
hand tamp. Firmly tamp backfill around ducts to provide maximum supporting strength.
Use hand tamper only. After placing controlled backfill over final tier, make final duct
connections at end of run and complete backfilling with normal compaction as specified
in Division 31 Section "Earth Moving."
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6. Install ducts with a minimum of 3 inches (75 mm) between ducts for like services and 6

3.6

inches (150 mm) between power and signal ducts.

7. Depth: Install top of duct bank at least 36 inches (900 mm) below finished grade unless
otherwise indicated.

8. Set elevation of bottom of duct bank below the frost line.

9. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete.

b. For equipment mounted on outdoor concrete bases, extend steel conduit
horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

10.  Warning Planks: Bury warning planks approximately 12 inches (300 mm) above direct-
buried ducts and duct banks, placing them 24 inches (600 mm) o.c. Align planks along
the width and along the centerline of duct bank. Provide an additional plank for each 12-
inch (300-mm) increment of duct-bank width over a nominal 18 inches (450 mm). Space
additional planks 12 inches (300 mm) apart, horizontally.

INSTALLATION OF HANDHOLES AND PULL BOXES OTHER THAN PRECAST
CONCRETE

Install handholes and pull boxes level and plumb and with orientation and depth coordinated
with connecting ducts to minimize bends and deflections required for proper entrances. Use
pull box extension if required to match depths of ducts, and seal joint between box and
extension as recommended by the manufacturer.

Unless otherwise indicated, support units on a level 6-inch- (15-cm-) thick bed of crushed stone
or gravel, graded from 1/2-inch (12.7-mm) sieve to No. 4 (4.75-mm) sieve and compacted to
same density as adjacent undisturbed earth.

Elevation: Set so cover surface will be flush with finished grade.
Install handholes and pull boxes with bottom below the frost line, below grade.

Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Retain arm
lengths to be long enough to provide spare space for future cables, but short enough to preserve
adequate working clearances in the enclosure.

Field-cut openings for ducts and conduits according to enclosure manufacturer's written
instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for
terminating fittings to be used, and seal around penetrations after fittings are installed.

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 260543 - 9



DEVITA HENDERSONVILLE HIGH SCHOOL PFA #: 1956
ADDITIONS AND RENOVATIONS LS3P #: 3201-186120
Construction Documents Hendersonville, NC November 27, 2019

G.  Forenclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-
vehicle loading, form and pour a concrete ring encircling, and in contact with, enclosure and
with top surface screeded to top of box cover frame. Bottom of ring shall rest on compacted
earth.

1. Concrete: 3000 psi (20 kPa), 28-day strength, complying with Division 03 Section "Cast-
in-Place Concrete," with a troweled finish.

2. Dimensions: 10 inches wide by 12 inches deep (250 mm wide by 300 mm deep).
3.7 GROUNDING

A.  Ground underground ducts according to Division 26 Section "Grounding and Bonding for
Electrical Systems."

3.8 FIELD QUALITY CONTROL
A.  Perform the following tests and inspections:

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

2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-
of-round duct. Provide mandrel equal to 80 percent fill of duct. If obstructions are
indicated, remove obstructions and retest.

B.  Correct deficiencies and retest as specified above to demonstrate compliance.
C.  Prepare test and inspection reports.
3.9 CLEANING
A.  Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout

ducts.

END OF SECTION 260543
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SECTION 260548.16 - SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A.  Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section. Refer to structural
specifications for further information about seismic category and restraints.
1.2 SUMMARY
A.  This Section includes the following:
1. Isolation pads.
2. Spring isolators.
3. Restrained spring isolators.
4, Channel support systems.
5. Restraint cables.
6. Hanger rod stiffeners.
7. Anchorage bushings and washers.

B.  Related Sections include the following:

1. Division 26 Section "Hangers And Supports For Electrical Systems" for commonly used
electrical supports and installation requirements. Refer also to Division 27.

1.3 DEFINITIONS
A. The IBC: International Building Code.
B. ICC-ES: ICC-Evaluation Service.
C. OSHPD: Office of Statewide Health Planning and Development for the State of California.
14 PERFORMANCE REQUIREMENTS
A.  Seismic-Restraint Loading:
1. Site Class as Defined in the IBC: Cand D.
2. Assigned Seismic Use Group or Building Category as Defined in the IBC: 1I.

a. Component Importance Factor: 1.0
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b. Component Response Modification Factor: 1.5
C. Component Amplification Factor: 1.0
3. Design Spectral Response Acceleration at Short Periods (0.2 Second).
4. Design Spectral Response Acceleration at 1.0-Second Period.
15 SUBMITTALS

Product Data: For the following:

1.

Include rated load, rated deflection, and overload capacity for each vibration isolation
device.

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

a. Tabulate types and sizes of seismic restraints, complete with report numbers and
rated strength in tension and shear as evaluated by an agency acceptable to
authorities having jurisdiction.

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

Restrained-Isolation Devices: Include ratings for horizontal, vertical, and combined
loads.

Delegated-Design Submittal: For [vibration isolation and Jseismic-restraint details indicated to
comply with performance requirements and design criteria, including analysis data signed and
sealed by the qualified professional engineer responsible for their preparation.

1.

Design Calculations: Calculate static and dynamic loading due to equipment weight and
operation, seismic forces required to select vibration isolators and seismic restraints.

a. Coordinate design calculations with wind-load calculations required for equipment
mounted outdoors. Comply with requirements in other Division 26 Sections for
equipment mounted outdoors.

Indicate materials and dimensions and identify hardware, including attachment and
anchorage devices.

Field-fabricated supports.
Seismic-Restraint Details:

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

1.6

A

B.

C.

D.

E.

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

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

Welding certificates.

Qualification Data: For testing agency.
Field quality-control test reports.
QUALITY ASSURANCE

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

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

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

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

Comply with NFPA 70.

PART 2 - PRODUCTS

21

A

VIBRATION ISOLATORS

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

1. Ace Mountings Co., Inc.
2. Amber/Booth Company, Inc.

3. California Dynamics Corporation.
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4. Isolation Technology, Inc.

2.2

5. Kinetics Noise Control.

6. Mason Industries.

7. Vibration Eliminator Co., Inc.

8. Vibration Isolation.

9. Vibration Mountings & Controls, Inc.

Pads: Arrange in single or multiple layers of sufficient stiffness for uniform loading over pad
area, molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes that
match requirements of supported equipment.

1. Resilient Material: Oil- and water-resistant neoprene.

SEISMIC-RESTRAINT DEVICES

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

1. Amber/Booth Company, Inc.

2. California Dynamics Corporation.

3. Cooper B-Line, Inc.; a division of Cooper Industries.
4. Hilti Inc.

5. Loos & Co.; Seismic Earthquake Division.

6. Mason Industries.

7. TOLCO Incorporated; a brand of NIBCO INC.

8. Unistrut; Tyco International, Ltd.

General Requirements for Restraint Components: Rated strengths, features, and application
requirements shall be as defined in reports by OSHPD.

1. Structural Safety Factor: Allowable strength in tension, shear, and pullout force of
components shall be at least four times the maximum seismic forces to which they will be
subjected.

Channel Support System: MFMA-3, shop- or field-fabricated support assembly made of slotted
steel channels with 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;
and rated in tension, compression, and torsion forces.
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D. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted
connections to hanger rod. Do not weld stiffeners to rods.

E. Bushings for Floor-Mounted Equipment Anchor: Neoprene bushings designed for rigid
equipment mountings, and matched to type and size of anchors and studs.

F. 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.

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

H.  Mechanical Anchor: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for
interior applications and stainless steel for exterior applications. Select anchors with strength

required for anchor and as tested according to ASTM E 488. Minimum length of eight times
diameter.

I Adhesive Anchor: Drilled-in and capsule anchor system containing polyvinyl or urethane
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.
Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless
steel for exterior applications. Select anchor bolts with strength required for anchor and as
tested according to ASTM E 488.
2.3 FACTORY FINISHES
A.  Finish: Manufacturer's standard prime-coat finish ready for field painting.
PART 3 - EXECUTION
3.1 EXAMINATION
A.  Examine areas and equipment to receive vibration isolation and seismic-control devices for
compliance with requirements for installation tolerances and other conditions affecting

performance.

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

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

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

B.  Hanger Rod Stiffeners: Install hanger rod stiffeners where indicated or scheduled on Drawings
to receive them and where required to prevent buckling of hanger rods due to seismic forces.
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3.3

3.4

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

SEISMIC-RESTRAINT DEVICE INSTALLATION
Equipment and Hanger Restraints:

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

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

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.

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.

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

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

5. Set anchors to manufacturer's recommended torque, using a torque wrench.

6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior
applications.

ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

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
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structural elements, and where they terminate with connection to equipment that is anchored to
a different structural element from the one supporting them as they approach equipment.

3.5 FIELD QUALITY CONTROL

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

B.  Perform tests and inspections.

C.  Testsand Inspections:

1.

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

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

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

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

Test to 90 percent of rated proof load of device.
Measure isolator restraint clearance.

Measure isolator deflection.

Verify snubber minimum clearances.

If a device fails test, modify all installations of same type and retest until satisfactory
results are achieved.

D.  Remove and replace malfunctioning units and retest as specified above.

E. Prepare test and inspection reports.

3.6 ADJUSTING

A.  Adjust isolators after isolated equipment is at operating weight.

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

END OF SECTION 260548.16
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

1.2

13

14

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Identification for raceways.
2. Identification of power and control cables.
3. Identification for conductors.

4. Underground-line warning tape.

5. Warning labels and signs.

6. Instruction signs.

7. Equipment identification labels.

8. Miscellaneous identification products.

SUBMITTALS

Product Data: For each electrical identification product indicated.

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

Identification Schedule: An index of nomenclature of electrical equipment and system
components used in identification signs and labels.

QUALITY ASSURANCE

Comply with ANSI A13.1[ and IEEE C2].

Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

Comply with ANSI Z535.4 for safety signs and labels.
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E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.
1.5 COORDINATION
A. Coordinate identification names, abbreviations, colors, and other features with requirements in
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes,
standards, and 29 CFR 1910.145. Use consistent designations throughout Project.
B.  Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.
C.  Coordinate installation of identifying devices with location of access panels and doors.
D. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1

A

D.

POWER RACEWAY IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway size.

Colors for Raceways Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.

2. Legend: Indicate voltage and system or service type.
Colors for Raceways Carrying Circuits at More Than 600 V:
1. Black letters on an orange field.

2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-
) high letters on 20-inch (500-mm) centers.

Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted,
flexible label laminated with a clear, weather- and chemical-resistant coating and matching
wraparound adhesive tape for securing ends of legend label.

Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned,
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway
or cable it identifies and to stay in place by gripping action.

Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less: Slit,
pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized
to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
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2.2

2.3

24

Tape and Stencil for Raceways Carrying Circuits More Than 600 V: 4-inch- (100-mm-) wide
black stripes on 10-inch (250-mm) centers diagonally over orange background that extends full
length of raceway or duct and is 12 inches (300 mm) wide. Stop stripes at legends.

Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped
legend, punched for use with self-locking cable tie fastener.

POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway and cable size.

Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped
legend, punched for use with self-locking cable tie fastener.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and
to stay in place by gripping action.

CONDUCTOR IDENTIFICATION MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08
mm) thick by 1 to 2 inches (25 to 50 mm) wide.

Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and
to stay in place by gripping action.

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

FLOOR MARKING TAPE
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A.  2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white
stripes and clear vinyl overlay.
2.5 UNDERGROUND-LINE WARNING TAPE
A.  Tape:
1. Recommended by manufacturer for the method of installation and suitable to identify and
locate underground electrical and communications utility lines.
2. Printing on tape shall be permanent and shall not be damaged by burial operations.
3. Tape material and ink shall be chemically inert, and not subject to degrading when
exposed to acids, alkalis, and other destructive substances commonly found in soils.
B.  Color and Printing:
1. Comply with ANSI Z535.1 through ANSI Z535.5.
2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE, <Insert
inscription>.
3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.
4. Pigmented polyolefin, bright-colored, continuous-printed on one side with the inscription
of the utility, compounded for direct-burial service.
5. Thickness: 4 mils (0.1 mm).
6. Weight: 18.5 1b/1000 sqg. ft. (9.0 kg/100 sg. m).
7. 3-Inch (75-mm) Tensile According to ASTM D 882: 300 Ibf (133.4 N), and 12,500 psi
(17.2 MPa).
2.6 WARNING LABELS AND SIGNS
A.  Comply with NFPA 70 and 29 CFR 1910.145.
B.  Laminated, engraved, phenolic minimum 1/16 inch (1.6 mm) thick for signs up to 20 sq. inches
(129 sg. cm) and 1/8 inch (3.2 mm) thick for larger sizes.
C.  Warning Signs:
1. Preprinted signs, punched or drilled for self tapping stainless steel screws with protected
screw ends or rivets.
2. % inch high letters, with colors, legend, and size required for application.
D.  Warning label and sign shall include, but are not limited to, the following legends:
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1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."

2.7 INSTRUCTION SIGNS

A.  Engraved, laminated phenolic, minimum 1/16 inch (1.6 mm) thick for signs up to 20 sg. inches
(129 sg. cm) and 1/8 inch (3.2 mm) thick for larger sizes.

1. Engraved legend with black letters on white face.

2. Punched or drilled for self tapping stainless steel screws with protected screw ends or
rivets.

3. Framed with mitered acrylic molding and arranged for attachment at applicable
equipment.

2.8 EQUIPMENT IDENTIFICATION LABELS

A.  Engraved, Phenolic Label: Punched or drilled for self tapping stainless steel screws, with
protected screw end, or with rivets. Minimum letter height shall be 1/2 inch. The following
nameplate identification schedule shall be used:
1. Blue surface with white core for 120/208 volt equipment
2. Black surface with white core for 277/480 volt equipment
3. Bright red surface with white core for all equipment related to the fire alarm system
4, Dark red (burgundy) surface with white core for all equipment related to security
5. Green surface with white core for all equipment related to “emergency” systems
6. Orange surface with white core for all equipment related to telephone systems
7. Brown surface with white core for all equipment related to data systems
8. White surface with black core for all equipment related to paging systems
9. Purple surface with white core for all equipment related to TV systems

29 CABLE TIES

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

1. Minimum Width: 3/16 inch (5 mm).
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2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7
MPa).

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).

4. Color: Black except where used for color-coding.

B.  UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight,
self extinguishing, one piece, self locking, Type 6/6 nylon.

1. Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7
MPa).

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
4. Color: Black.

C.  Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking.
1. Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 7000 psi (48.2
MPa).

3. UL 94 Flame Rating: 94V-0.
4, Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).
5. Color: Black.
2.10 MISCELLANEOUS IDENTIFICATION PRODUCTS
A.  Paint: Comply with requirements in Division 09 painting Sections for paint materials and
application requirements. Select paint system applicable for surface material and location

(exterior or interior).

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

PART 3 - EXECUTION
3.1 INSTALLATION
A.  Verify identity of each item before installing identification products.
B.  All empty conduit runs and conduit with conductors for future use shall be identified for use and

shall indicate where they terminate. Identification shall be by tags with string or wire attached
to conduit or outlet.
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C. All outlet boxes, junction boxes, and pull boxes shall have their covers and exterior visible
surfaces painted with colors to match the surface color scheme outlined above. This includes
covers on boxes above lift out and other types of accessible ceilings.

D.  Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

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

F. Clean surfaces before application of labels, using materials and methods recommended by
manufacturer of identification device.

G.  System ldentification Color-Coding Bands for Raceways and Cables: Each color-coding band
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors,
at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals
in congested areas.

H.  Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor or
cable at a location with high visibility and accessibility.

I Cable Ties: For attaching tags. Use general-purpose type, except as listed below:
1. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.

J. Underground-Line Warning Tape: During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below
finished grade. Use multiple tapes where width of multiple lines installed in a common trench
or concrete envelope exceeds 16 inches (400 mm) overall.

K.  Painted Identification: Comply with requirements in Division 09 painting Sections for surface
preparation and paint application.

3.2 IDENTIFICATION SCHEDULE

A.  Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and stencil 4-
inch- (100-mm-) wide black stripes on 10-inch (250-mm) centers over orange background that
extends full length of raceway or duct and is 12 inches (300 mm) wide. Stencil legend
"DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high black
letters on 20-inch (500-mm) centers. Stop stripes at legends. Apply to the following finished
surfaces:

1. Floor surface directly above conduits running beneath and within 12 inches (300 mm) of
a floor that is in contact with earth or is framed above unexcavated space.

2. Wall surfaces directly external to raceways concealed within wall.
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3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in
the building, or concealed above suspended ceilings.

B.  Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A,
and 120 V to ground: ldentify with self-adhesive vinyl label or self-adhesive vinyl tape applied
in bands. Install labels at 10-foot (3-m) maximum intervals.

C.  Accessible Raceways and Cables within Buildings: Identify the covers of each junction and
pull box of the following systems with self-adhesive vinyl labels with the wiring system legend
and system voltage. System legends shall be as follows:

1. Emergency Power.
2. DC Voltage.
3. Power.

4. UPS.

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

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

a. Color shall be factory applied.
b. Colors for 208/120-V Circuits:
1) Phase A: Black.
2) Phase B: Red.
3) Phase C: Blue.
C. Colors for 480/277-V Circuits:
1) Phase A: Brown.
2) Phase B: Orange.
3) Phase C: Yellow.
d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches (150 mm) from terminal points and in boxes where
splices or taps are made. Apply last two turns of tape with no tension to prevent

possible unwinding. Locate bands to avoid obscuring factory cable markings.

E. Install instructional sign including thecolor-code for grounded and ungrounded conductors
using adhesive-film-type labels.
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F. Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source.

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

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

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

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the
Operation and Maintenance Manual.

H.  Locations of Underground Lines: Identify with underground-line warning tape for power,
lighting, communication, and control wiring and optical fiber cable.

1. Limit use of underground-line warning tape to direct-buried cables.

2. Install underground-line warning tape for both direct-buried cables and cables in
raceway.

l. Workspace Indication: Install floor marking tape to show working clearances in the direction of
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in
finished spaces.

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:

1. Comply with 29 CFR 1910.145.
2. Identify system voltage with black letters on an orange background.

3. Apply to exterior of door, cover, or other access.

4. For equipment with multiple power or control sources, apply to door or cover of
equipment including, but not limited to, the following:

a. Power transfer switches.
b. Inverters.
C. Combiner switches.
d. Controls with external control power connections.
K.  Operating Instruction Signs: Install instruction signs to facilitate proper operation and

maintenance of electrical systems and items to which they connect. Install instruction signs
with approved legend where instructions are needed for system or equipment operation.
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L.  Arc Flash labels shall be self adhesive type.

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

1. Labeling Instructions:

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

b. Outdoor Equipment: Labels 4 inches (100 mm) high.

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

d. Fasten labels with appropriate stainless steel fasteners that do not change the
NEMA or NRTL rating of the enclosure.

2. Equipment to Be Labeled:

a. Panelboards: Typewritten directory of circuits in the location provided by
panelboard manufacturer. Panelboard label shall be engraved phenolic.

b. Enclosures and electrical cabinets.
c. Access doors and panels for concealed electrical items.
d. Switchboards.

e. Transformers: Label that includes tag designation shown on Drawings for the
transformer, feeder, and panelboards or equipment supplied by the secondary.

f. Emergency system boxes and enclosures.
g. Enclosed switches.

h. Enclosed circuit breakers.

i. Enclosed controllers.

J. Variable-speed controllers.

k. Push-button stations.

. Power transfer equipment.
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m.  Contactors.

n. Remote-controlled switches, dimmer modules, and control devices.
0. Inverter units.

p. Power-generating units.

g Monitoring and control equipment.

END OF SECTION 260553
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SECTION 260573.16 — SHORT CIRCUIT AND COORDINATION STUDIES

PART 1 -

11
A

1.2
A

1.3
A.
B.

C.
D.

14
A

B.

C.
D.

PART 2 -

21
A

GENERAL
RELATED DOCUMENTS

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

SUMMARY

This Section includes computer-based, fault-current and overcurrent protective device
coordination studies. Protective devices shall be set based on results of the protective device
coordination study.

1. Coordination of series-rated devices is permitted where indicated on Drawings.
SUBMITTALS
Product Data: For computer software program to be used for studies.

Product Certificates: For coordination-study and fault-current-study computer software
programs, certifying compliance with IEEE 399.

Qualification Data: For coordination-study specialist.

Other Action Submittals: The following submittals shall be made after the approval process for
system protective devices has been completed. Submittals may be in digital form.

1. Coordination-study input data, including completed computer program input data sheets.
2. Study and Equipment Evaluation Reports.

3. Coordination-Study Report.

QUALITY ASSURANCE

Studies shall use computer programs that are distributed nationally and are in wide use.
Software algorithms shall comply with requirements of standards and guides specified in this
Section. Manual calculations are not acceptable.

Coordination-Study Specialist Qualifications: An entity experienced in the application of
computer software used for studies, having performed successful studies of similar magnitude
on electrical distribution systems using similar devices.

1. Professional engineer, licensed in the state where Project is located, shall be responsible
for the study. All elements of the study shall be performed under the direct supervision
and control of engineer.

Comply with IEEE 242 for short-circuit currents and coordination time intervals.
Comply with IEEE 399 for general study procedures.

PRODUCTS

COMPUTER SOFTWARE DEVELOPERS

Computer Software Developers: Subject to compliance with requirements, provide products by
one of the following:
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2.2

A
B.

C.

1. CGI CYME.

2. EDSA Micro Corporation.

3. ESA Inc.

4. Operation Technology, Inc.

5. SKM Systems Analysis, Inc.

COMPUTER SOFTWARE PROGRAM REQUIREMENTS
Comply with IEEE 399.

Analytical features of fault-current-study computer software program shall include
"mandatory," "very desirable," and "desirable" features as listed in IEEE 399.

Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. Computer software program shall report device
settings and ratings of all overcurrent protective devices and shall demonstrate selective
coordination by computer-generated, time-current coordination plots.

1. Include the following features:
a. Arcing faults.
b Simultaneous faults.
C. Explicit negative sequence.
d

Mutual coupling in zero sequence.

PART 3 - EXECUTION

3.1

3.2

A

A

EXAMINATION

Examine Project overcurrent protective device submittals for compliance with electrical
distribution system coordination requirements and other conditions affecting performance.
Devices to be coordinated are indicated on Drawings.

1. Proceed with coordination study only after relevant equipment submittals have been
assembled. Overcurrent protective devices that have not been submitted and approved
prior to coordination study shall not be used in the study and shall be replaced at
contractor’s cost if found to be not coordinated.

POWER SYSTEM DATA
Gather and tabulate the following input data to support coordination study:

1. Product Data for overcurrent protective devices specified in other Division 26 Sections
and involved in overcurrent protective device coordination studies. Use equipment
designation tags that are consistent with electrical distribution system diagrams,
overcurrent protective device submittals, input and output data, and recommended device
settings.

2. Impedance of utility service entrance.

3. Electrical Distribution System Diagram: In hard-copy and electronic-copy formats,
showing the following:

a. Circuit-breaker and fuse-current ratings and types.
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f.
g.

Relays and associated power and current transformer ratings and ratios.

Transformer kilovolt amperes, primary and secondary voltages, connection type,
impedance, and X/R ratios.

Generator kilovolt amperes, size, voltage, and source impedance.

Cables: Indicate conduit material, sizes of conductors, conductor material,
insulation, and length.

Busway ampacity and impedance.
Motor horsepower and code letter designation according to NEMA MG 1.

4. Data sheets to supplement electrical distribution system diagram, cross-referenced with
tag numbers on diagram, showing the following:

a.

Special load considerations, including starting inrush currents and frequent starting
and stopping.

Transformer characteristics, including primary protective device, magnetic inrush
current, and overload capability.

Motor full-load current, locked rotor current, service factor, starting time, type of
start, and thermal-damage curve.

Generator thermal-damage curve.
Ratings, types, and settings of utility company's overcurrent protective devices.

Special overcurrent protective device settings or types stipulated by utility
company.

Time-current-characteristic curves of devices indicated to be coordinated.
Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere

or current sensor rating, long-time adjustment range, short-time adjustment range,
and instantaneous adjustment range for circuit breakers.

Manufacturer and type, ampere-tap adjustment range, time-delay adjustment range,
instantaneous attachment adjustment range, and current transformer ratio for
overcurrent relays.

Panelboards, switchboards, motor-control center ampacity, and interrupting rating
in amperes rms symmetrical.

3.3 FAULT-CURRENT STUDY

A.  Calculate the maximum available short-circuit current in amperes rms symmetrical at circuit-
breaker positions of the electrical power distribution system. The calculation shall be for a
current immediately after initiation and for a three-phase bolted short circuit at each of the

following:

1. Switchboard bus.
2. Distribution panelboard down to the 10,000 AIC level.
3. Branch circuit panelboard down to the 10,000 AIC level.
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B.  Study electrical distribution system from normal and alternate power sources throughout

3.4

electrical distribution system for Project. Include studies of system-switching configurations
and alternate operations that could result in maximum fault conditions.

Calculate momentary and interrupting duties on the basis of maximum available fault current.

Calculations to verify interrupting ratings of overcurrent protective devices shall comply with
IEEE recommendations.

Study Repo