NCWSA Office Addition — 100% Design
Wendel Project No. 616202

SECTION 260500 — COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

1.1

A.

1.2

1.3

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.

SUMMARY
Section Includes:

Electrical equipment coordination and installation.
Common electrical installation requirements.
Firestopping

Electrical Testing

Requirements which apply to all Electrical Work

kW=

The requirements indicated in this specification section shall apply to all Electrical Work
(including, but not limited to, all work performed under Division 26, 27, and 28 if required
under the scope of this project)

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

4, So connecting raceways, cables, wireways, cable trays, and busways 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.
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1.4 REFERENCES AND DEFINITIONS

A.  Basic References: The following codes, standards, and approvals as referenced throughout the
drawings and specifications, shall serve as the minimum standards and quality requirements
directly appropriate to the work and workmanship. References to catalogs, standards, codes,
specifications and recommendations, etc., means latest edition of such publications in effect at
the date of invitation to submit bid.

L.

2.

e e A

American National Standards Institute (ANSI): ANSI C2; National Electrical Safety

Code

National Electric Manufacturer's Association (NEMA) Standards as apply to specified

Products.

National Fire Protection Association (NFPA):

a. NFPA 70 (National Electrical Code)

b. NFPA 72 (National Fire Alarm Code)

c. NFPA 70E (Standard for Electrical Safety Requirements for Employee
Workplaces), and other applicable NFPA codes

Underwriters' Laboratories, Inc. (UL) Listings, Labels, and Approvals shall govern the

quality and performance of specified Products.

Americans with Disabilities Act (ADA)

Institute of Electrical and Electronics Engineers, Inc (IEEE)

National Electrical Contractor’s Association (NECA)

International Electrical Testing Association (NETA)

Occupational Safety and Health Administration (OSHA)

B. Definitions:

—_

10.
11.

“Provide” - means “furnish and install”
“Indicated” - means “indicated in contract documents”
“Concealed” - means items referred to are hidden from normal sight, this includes

items partly excavated or crawl spaces and in service tunnels used solely for repairs and
maintenance

“Exposed” - means items are not “concealed”

“Feeder” - means “All circuit conductors between the service equipment, the source of
a separately derived system, or other power supply source and the final branch-circuit
overcurrent device”

“Feeder circuit breakers” - means circuit breakers protecting feeders.

NETA ATS- International Electrical Testing Association Acceptance Testing
Specifications, Latest Edition

“Building” — A structure that stands alone or that is cut off from adjoining structures by
fire walls with all openings therein protected by approved fire doors

“degrees C” — means “degrees Celsius”

“degrees F”’ — means “degrees Fahrenheit”

“homerun” — This word shall refer to that portion of the electrical circuit wiring and
conduit between the circuit breaker or fuse protecting the electrical circuit, and the first
equipment or load on the electric circuit. There is no other equipment or load on the
electrical circuit between the first equipment or load, and the circuit breaker or fuse. For
example, a 120V, 20A circuit breaker feeds #12 AWG wiring which connects to 3 —
NEMA 5-20R receptacles. The wiring and conduit that runs from the circuit breaker to
the 1st receptacle is considered the homerun wiring and conduit. There is no other
receptacle on the electrical circuit between the 1st receptacle and the circuit breaker.

COMMON WORK RESULTS FOR ELECTRICAL 260500- 2



NCWSA Office Addition — 100% Design
Wendel Project No. 616202

1.5

1.6

1.7

12.  “Branch circuit” — means “The circuit conductors between the final overcurrent device
protecting the circuit and the outlets(s).”
13.  “Suspended ceiling” — Suspended ceiling (sometimes referred to as dropped ceiling or

false ceiling) is a secondary ceiling suspended or supported from the building structure
above, creating a void between the underside of the building structure and the top of the
suspended ceiling. Suspended ceilings include, but are not limited to, grid type ceilings,
gypsum board ceilings, drywall type ceilings, and other ceilings which are located below
the building structure. Suspended ceilings are either accessible ceilings (including, but
not limited to, grid type ceilings with removable ceiling panels or tiles) or non-accessible
ceilings (including, but not limited to, gypsum board ceilings and drywall type ceilings).

14.  “Equipment” shall include, but not be limited to, fittings, devices, appliances, luminaires,
apparatus, machinery, and the like used as a part of, or in connection with, an electrical
installation.

15.  “Smoke duct detector” and “duct smoke detector” shall have the same meaning. Both

terms shall mean smoke detectors which are used to detect smoke in HVAC (Heating,
Ventilation, and Air Conditioning) ducts.
16.  “Breaker” — means “circuit breaker”

BASIS OF DESIGN

The contract documents are prepared on basis of one manufacturer as "design equipment," even
though other manufacturers' names are listed as acceptable makes. If Contractor elects to use
one of the listed makes other than "design equipment," submit detailed drawings, indicating
proposed installation of equipment. Show maintenance clearances, service removal space
required, and other pertinent revisions to the design arrangement. Make required changes in the
work of other trades, at no increase in any contract. Provide larger electrical feeders, circuit
breakers, equipment, additional control devices and other miscellaneous equipment required for
proper operation, and assume responsibility for proper location of rough-in and connections by
other trades. Remove and replace door frames, access doors, walls ceilings or floors required to
install other than design make equipment. If revised arrangement submittal is rejected, revise
and resubmit specified "design equipment" item which conforms to contract documents.

INTENT OF DRAWINGS

The drawings are diagrammatic, unless detailed dimensioned drawings are included. Drawings
show approximate locations of equipment, fixtures, panelboards, conduits, and wiring devices.
Exact locations are subject to the approval of the Owner's Representative. The general run of
electrical feeders, branch circuits, and conduits, indicated on the drawings, is not intended to be
the exact routing. Circuit designations, in the form of "Home Runs" on branches, indicate the
designation of the branch circuit, the size and the quantity of branch circuit conductors, and the
panelboard or interconnection box from which the branch circuit is served.

COORDINATION DRAWINGS

Where the contract documents require coordination drawings; or, where the contractor has any
question or request-for-information that relates to locations of equipment, or coordination of
equipment locations, the contractor shall provide a coordination drawing. The coordination
drawing shall have reflected ceiling plans, structural plans, floor plans and other relevant
drawings, drawn to scale on one drawing, on which the following items are shown and
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1.8

1.9

coordinated with each other, based on actual dimensions of the items, input from actual installer
of the items involved, and existing conditions (the contractor shall field measure all existing
conditions).

AS-BUILT DRAWINGS

The contractor shall provide “as-built” drawings, in both electronic and hardcopy formats. The
contractor shall provide accurate project record drawings, showing in red color on the working
drawings and electrical drawings, all changes, modifications, and alterations from the original
drawings, made during installation of the work. Upon completion of the work, the contractor
shall provide the Owner with a USB drive that has an electronic copy of the project record
drawings, and a full size hardcopy of the project record drawings.

OPERATING AND MAINTENANCE MANUALS

General: Upon completion of the work, the Contractor shall furnish Operating and Maintenance
Manuals for use by the Owner. The manuals shall include operating and maintenance
information on all systems and items of equipment. The data shall consist of catalogs,
brochures, bulletins, charts, schedules and drawings describing location, operation,
maintenance, lubrication, operating weight and other information necessary for the Owner to
establish an effective operating and maintenance program.

Shop Drawings: Copies of appropriate shop drawings shall be included in the Operating and
Maintenance Manuals. The requirements for manuals is a separate contractual item and in no
way supersedes the requirements for shop drawings and vice-versa.

Approval: Completed manuals shall be submitted to the Engineer for review and approval.
Incomplete or inadequate manuals will be returned to the Contractor for correction and
resubmission.

Provide an electronic copy (PDF format) on 3 USB drives, and 3 hardcopies in 3-ring binders,
of all operating and maintenance manuals, unless a greater quantity is specified elsewhere in the
contract documents, in which case the greater quantity shall apply. Each drive and each
hardcopy shall have all the operating and maintenance manuals for all the equipment.

Equipment keys and passwords shall be provided to the Owner’s authorized representative or
representatives. A document shall be provided indicating who received the keys and what are
the passwords. Document shall be neat and typewritten.

Provide a separate section in the O&M Manuals for maintenance testing schedules of all
equipment. A factory authorized representative of the equipment manufacturer shall certify the
maintenance program. Include calendar schedule in table format to indicate all maintenance
actions included during the warranty period with spaces for future testing.

All factory and field test reports by the contractor, manufacturer, and/or independent testing
company shall be included in the O&M Manuals.

Wiring diagrams for all factory and field wiring shall be included in the O&M Manuals.

A complete list of spare parts and accessories for equipment shall be provided.
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1.10

A.

1.12

DELIVERY, STORAGE, AND HANDLING

Deliver materials and equipment to the Project site in a clean condition with openings plugged
or capped (or otherwise sealed by packaging) both during shipping and during temporary
storage.

Delivered electrical equipment crating and/or packaging shall clearly identify pick-points or lift-
points. In the absence of crating or packaging, pick-points or lift-points must be identified on
the equipment.

When unloading materials and equipment provide special lifting harness or apparatus as may be
required by manufacturers. Handle materials and equipment in accordance with manufacturer's
written instructions.

The Contractor shall determine the required equipment needed for unloading operations and
have such equipment on site to perform unloading work on the date of equipment delivery.

Store materials and equipment, both on and off site, in accordance with manufacturer's written
instructions. Keep equipment in a dry location.

1. Temporary Heating: Apply temporary heat to materials and equipment, according to
manufacturer's written instructions, throughout periods when environment is not
controlled for temperature and humidity within manufacturer's stipulated service
conditions.

WARRANTY

The Contractor shall guarantee that all work performed, and all materials/equipment installed by
him, are free from defects. The Contractor shall repair or replace any defective equipment,
materials or workmanship, free of cost to the Owner, for a period of two (2) years from the date
of final acceptance of the Contractor’s work. The date of final acceptance is determined by the
Owner. Where requirements indicated elsewhere in the contract documents (including, but not
limited to, individual specification sections) indicate a Warranty period longer than two (2)
years, the longer warranty period shall apply.

During this warranty period the Contractor shall:

1. Correct and make good all electrical defects. Faulty equipment and materials shall be
repaired or replaced as required to produce satisfactory results as directed by the engineer
and without additional cost to the Owner. Contractor shall provide service within 24
hours after the call has been made by the Owner.

DAMAGE TO OTHER WORK

Damage: Cutting or damage to existing structures, surfaces or installations shall be repaired at
the expense of the Contractor. All such repairs or patching shall be neatly done by mechanics
of the appropriate trade, and shall be done in such a fashion as to leave no readily apparent joint
or change in appearance, and to leave no structural or other weakness.
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1.13

A.

1.14

1.15

CONTRACTOR’S CERTIFICATION

The Contractor shall submit a signed and dated letter to the owner and the engineer certifying
the following:

1. Electrical Contractor shall certify that all work has been performed in accordance with
the contract documents (including, but not limited to: any amendments, addendums, and
contract modifications) ;

2. Electrical Contractor shall certify that all work has been inspected and approved by the
Authorities Having Jurisdiction; AND,

3. Electrical Contractor shall certify that all work has been performed in accordance with
the National Electrical Code and all applicable codes.

TRAINING

Provide training for all equipment. Schedule training with at least 21 days advance notice, to
the owner and engineer, by submitting a draft training schedule. Indicate all proposed training
dates with specific equipment descriptions. The Contractor shall then confirm these dates with
the owner and engineer. After receiving approval of these dates, the Contractor shall submit a
final training schedule at least 14 days prior to the agreed upon dates.

All training shall be done hands-on, on-site, and in-person, on the actual equipment installed in
the field.

The training instructor shall be factory trained by the manufacturer of the equipment. The
qualifications of the training instructor shall be submitted for review/approval.

An attendance sheet shall be provided by the contractor during the training days. The attendance
sheet shall be signed by all participants of the training, and the training instructor. The
attendance sheet shall be submitted for record.

Provide a minimum of 8 hours of training for each equipment. Where individual specification
sections indicate a training period longer than 8 hours, the longer training period shall apply.

Provide a video recording of all demonstration and training. The demonstration and training
video shall be saved onto portable external hard drives. 3 sets of portable external hard drives
shall be provided to the owner.

Training shall be provided for all equipment, whether or not training is mentioned in each
individual specification section.

BUY AMERICA ACT COMPLIANCE LETTER

All equipment provided in the project shall comply with the Buy America Act. In addition to
requirements stated elsewhere in the contract documents, the manufacturer of each equipment
shall provide a signed/dated letter which states that all products/equipment being provided by
him, comply with the Buy America Act. Please note that requirements stated elsewhere in the
contract documents, may require that the manufacturer provides other submittals in addition to
the letter required by this specification section. The manufacturer shall provide the submittals
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1.16

A.

1.17

A.

required by this specification section, and the submittals required elsewhere in the contract
documents.

ABSENCE OF SPECIFICATION

Where the drawings or the specifications do not name a particular brand or manufacturer of any
item, these items are still part of the Work. This Contractor shall provide all such items that may
be fairly and reasonably judged throughout the construction industry to be the most appropriate and
best quality item for the intended application. Provide submittals for proposed items to the
Architect for review and approval.

DISCREPANCY IN DRAWINGS AND/OR SPECIFICATIONS

Where the drawings and/or the specifications pose a conflict in design intent requirements, quality
of work, or equipment the contractor must submit an RFI for clarification during the bid process in
compliance with the front end specifications to provide resolution or provide the greater of the
conflicting equipment or workmanship after the submission of bid, or cutoff date for RFI’s

PART 2 - PRODUCTS — Not Used

PART 3 - EXECUTION

3.1

A.

C.

E.

COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
Comply with NECA 1.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

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.

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.

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

Workmanship: Workmanship shall be of the highest grade and all installation work shall be
performed by thoroughly qualified mechanics of the appropriate trade. All equipment shall be
installed and connected in accordance with the best engineering practice. Manufacturer’s
instructions and recommendations shall be followed and all electric connections shall be
provided.
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G.

Completeness: The Contractor shall furnish and install all labor, materials, tools, equipment,
programming, software, startup, licenses, and services as required to make all equipment
complete and fully operational. Provide all required mounting hangers, supports, hardware and
accessories to install all equipment and devices. Make all equipment and devices complete and
fully operational.

Drawings: The drawings showing the layout of the electrical system indicate approximate
locations of outlets, apparatus and equipment. The runs of feeders and branches as shown, the
drawings are schematic only and are not intended to show the exact routing and location of
conduits and conduit terminations. The final determination as to routing, location and
termination shall be governed by structural conditions, obstructions and job conditions. This
shall not be construed to mean that the design of the system may be changed without the written
approval of the Engineer; it merely refers to the exact run of raceways and the exact placement
of outlets, etc. It shall be the Contractor's responsibility to obtain all shop drawings affecting
conduit terminations to the equipment specified in this or other sections or furnished by others,
and to verify conduit locations before installation. The Contractor shall consult all contract
drawings and specifications which may affect the location of any outlet, equipment or conduit
run, to avoid improper locations of such items and to avoid interference with other trades.

Accessibility: Electrical equipment such as junction and pull boxes, panelboards, switches,
controls, and other apparatus that may require maintenance or operation from time to time, shall
be made easily accessible. Although the equipment may be shown on the drawings in certain
locations, in the course of building construction, it may develop that such locations do not
afford proper accessibility, in which case the Contractor shall direct the Engineer's attention to
the condition before advancing the construction.

Site examinations: All bidders, prior to submitting a bid, shall thoroughly acquaint themselves
with the conditions under which the work will be performed. No allowance shall be made
subsequently in connection with this, for any error or negligence on the contractor’s part.

Unless noted as “EXISTING”, “BY OTHERS” or “NIC”, all work, devices and equipment are
new and shall be furnished and installed by the contractor.

The contractor shall comply with all the requirements indicated in the contract documents. The
contractor shall provide all the items indicated in the contract documents, without any additional
cost or time extension, regardless of whether or not the item is a special order, the item is in
short supply, the item has a minimum quantity order requirement, the item has a long lead time,
and/or the item has additional/non-standard costs associated with it. The contractor shall
coordinate with the manufacturer and supplier of the item prior to submitting a bid.

Furnish and install devices and equipment in accordance with the NEC, the manufacturer’s
recommendations, and the contract documents.

All devices and equipment shall be suitable for its intended use, environment, and location in
accordance with the NEC, UL, the manufacturer’s recommendations and the contract
documents.

All work shall be coordinated with the General, and all other trades Contractors.
Wire lugs, connectors and splices shall be UL Listed and shall be compatible with the wire

size/material/type. Coordinate equipment and wiring to ensure that they are compatible with
each other.
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Q.

Do not exceed the maximum wire pulling tension recommended by the wire manufacturer.
Coordinate with the wire manufacturer as required. Pull wire through handholes, manholes, and
other underground structures in a manner that shall minimize the pulling tension on the wire.

Prior to installing the equipment, the contractor shall field survey and verify the exact locations
where the equipment are being installed, and shall notify the engineer immediately if there are
any issues or conflicts. Also, prior to installing the equipment, the contractor shall coordinate
the exact location of the equipment with the engineer, whether or not there are any issues or
conflicts. Prior to installing the equipment, the contractor shall adjust the exact locations of the
equipment, in accordance with the direction provided by the engineer

Mounting heights indicated in the Contract Documents are measured from the finished floor or
finished grade to the bottom of the equipment, unless otherwise noted.

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.

Provide touch up paint as required on equipment finishes that have been scratched, and provide
touch up paint as directed by the Engineer. Touch up paint shall be provided in accordance with
the manufacturer’s recommendations. Do not allow paint to come in contact with conductors,
insulation or any live parts. All nameplates and labels shall remain visible and legible.

Where there are space heating equipment located adjacent to electrical equipment (including but
not limited to, infrared unit heaters, electric/gas fired unit heaters, etc), the contractor shall
coordinate with the manufacturer of the space heating equipment, get the installation manuals
for the space heating equipment, and determine the clearance requirements around the space
heating equipment. The contractor shall comply with the clearance requirements of the
manufacturer, and shall not install any electrical equipment/wiring/conduit within the clearance
area. Additionally, all electrical equipment/wiring/conduit shall be provided with appropriate
clearance from space heating equipment, so that their maximum operating temperature, and/or
temperature rating, is not exceeded.

Inside rooms which can be entered by vehicles (including, but not limited to, vehicle
maintenance and storage rooms), keep the space directly in front of the exterior door (overhead
door, rollup door, swing door, etc.) clear of all electrical items. The volume of the clear space
shall not be less than the following:

1. Volume of clear space = width of the exterior door opening x height of the exterior door
opening x distance from the exterior door to the opposite wall

Where the contract documents specifies a product name, model, or manufacturer, and this
product has been discontinued or is no longer in production, the contractor shall provide a
product from the same manufacturer, that meets the requirements indicated in the contract
documents, at no additional cost to the owner. The product provided by the contractor shall be
an approved equal of the specified product. Also, the contractor shall provide a written
statement from the specified manufacturer, indicating that the specified product has been
discontinued or is no longer in production. All products shall be submitted for review and
approval by the design team.

The contractor shall core drill holes in exiting concrete walls, ceilings, and floors as required for
the installation of wiring and conduit. The contractor shall use ground penetrating radar to scan
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AA.

BB.

CC.

DD.

3.2

the concrete for any obstructions and/or structural elements/components prior to core drilling.
Core drilling shall be made only at locations which are free of obstructions and/or structural
elements/components. Do not drill, cut, or damage beams, joists, trusses, and other load bearing
structures. All work shall be reviewed and approved by the owner, the architect, the structural
engineer, and the Authorities Having Jurisdiction.

Where equipment and systems require registration for any purpose (including, but not limited
to, registration for the purposes of enrollment in warranty plans, service plans, software update
plans, etc.), the contractor shall register the equipment and systems as required, and provide all
account/login information/passwords to the owner.

The contractor shall apply and pay for all permits related to his work. All work shall be
inspected and approved by the Authorities Having Jurisdiction.

All work shall comply with the NEC and the applicable codes.

Provide access doors where the NEC or the manufacturer requires access for equipment
concealed behind walls or ceilings. Access doors are specified in Section 083113 “Access
Doors And Frames”. Provide fire rated access doors for fire rated walls and ceilings.

All free standing electrical distribution equipment, unless otherwise indicated, shall be provided
on concrete equipment bases minimum of four inches above finished floor or grade and
extending a minimum of 6 past the equipment footprint.

FIRESTOPPING

Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical
installations to restore original fire-resistance rating of assembly. Firestopping materials must
be approved for specific use.

Penetrations in Fire-Resistance-Rated Walls: Provide penetration firestopping with ratings
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure differential of
0.01-inch wg (2.49 Pa).

1. Fire-resistance-rated walls include fire walls, fire-barrier walls, smoke-barrier walls and
fire partitions.

F-Rating: Not less than the fire-resistance rating of constructions penetrated.

Manufacturers:
2. 3m

3. Rockwool
4. Tremco

5. STI

Comply with the applicable requirements indicated in Section 078413 "Penetration
Firestopping", or the requirements in this specification section, whichever is more stringent.
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33

A.

TESTING REQUIREMENTS AND INSTRUCTIONS

The Electrical Contractor shall provide supervision, labor, materials, tools, test instruments and
all other equipment or services and expenses required to test, adjust, set, calibrate, and
operationally check work and components of the electrical system and circuitry throughout the
work.

The Electrical Subcontractor shall pay for all tests specified in this Section, including expenses
incident to retests occasioned by defects and failures of equipment to meet specifications, at no
additional cost to owner. Any defects or deficiencies discovered in any of the electrical work
shall be corrected.

The Electrical Contractor shall:

1. Replace wiring and equipment found defective (defined as failing to meet specified
requirements) at no additional cost to Owner
2. Submit digital copies of test results to the Engineer.

Do not void equipment warranties or guarantees by testing and checkout work. Checks and tests
shall be supplemental to and compatible with the manufacturer's installation instructions. Where
deviations are apparent, obtain the manufacturer's approved review of procedure prior to testing.
Where any repairs, modifications, adjustments, tests or checks are to be made, the Contractor
shall contact the engineer to determine if the work should be performed by or with the
manufacturer’s representative.

1. All checks and tests specified for proper operating and safety of equipment and personnel
are to be performed concurrent with progression of the w work, prior to Final Acceptance

by owner.

Tests are to:

1. Provide initial equipment/system acceptance.
2. Provide recorded data for future routine maintenance and trouble shooting.
3. Provide assurance that each system component is installed satisfactorily and can be

expected to perform, and continue to perform, its specified function with reasonable
reliability throughout the life of the facility.

At any stage of construction and when observed, any electrical equipment or system determined
to be damaged, or faulty, is to be reported to the engineer. Corrective action by the Contractor
requires prior engineer approval, retesting, and inspection.

Prior to testing and start-up, equipment and wiring shall be properly and permanently identified
with nameplates, and other identification as specified in this Section. Check and tighten
terminals and connection points, remove shipping blocks and thoroughly clean equipment,
repair damaged or scratched finishes, inspect for broken and missing parts and review and
collect manufacturer's drawings and instructions for delivery to the engineer. Make routine
checks and tests as the job progresses to ensure that wiring and equipment is properly installed.

Testing and checkout work is to be performed with fully qualified personnel skilled in the
particular tests being conducted. Personnel are to have at least five years of experience with
tests of same type and size as specified.
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L Inspections and tests shall be in accordance with the following applicable codes and standards
as amended to date, unless otherwise specified.

National Electrical Manufacturer's Association - NEMA.
American Society for Testing and Materials - ASTM.
Institute of Electrical and Electronic Engineers -IEEE.
National Electrical Testing Association - NETA.
American National Standards Institute - ANSIL.

M

a. C2: National Electrical Safety Code.
b. 7244-1: American National Standard for Personnel Protection.

o

Insulated Cable Engineers Association - ICEA.
Association of Edison Illuminating Companies - AEIC.
8. Occupational Safety and health Administration.

~

a. OSHA Part 1910; Subpart S, 1910.308.
b. OSHA Part 1926; Subpart V, 1926.950 through 1926.960.

9. National Fire Protection Association - NFPA.

70B: Electrical Equipment Maintenance.

70E: Electrical Safety Requirements for Employer Workplaces.
70: National Electrical Code.

78: Lightning Protection Code.

101: Life Safety Code.

o0 o

10.  Inspections and tests shall utilize the following references:
a. Contract Drawings and Specifications.

11.  Contractor's Short Circuit and Coordination Study.
12.  Manufacturer's printed test procedures for respective equipment.

J. Test Equipment:

1. Test equipment used by the Contractor is to be inspected and calibrated.

2. Perform calibration and setting checks with calibrated test instruments of at least twice
that of that of the accuracy of the equipment, device, relay or meter under test. Dated
calibration labels shall be visible on test equipment. Calibrations over 6 months old are
not acceptable on field test instruments. Inspect test instruments for proper operation
prior to proceeding with the tests. Record serial and model numbers of the instruments
used on the test forms.

K. Test Procedures:

1. The Electrical Subcontractor is responsible for the preparation of the procedures and
schedules for the work specified herein. This work is to be coordinated and compatible
with both the work and schedule of the other crafts. Sequence the tests and checks so that
the equipment can be energized immediately after the completion of the application tests.

2. Submit proposed testing and check out forms. The procedures shall provide specific
instructions for the checking and testing of each electrical component of each system.
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Schedule tests and inspections as the job progresses. Test procedures submitted shall
include job safety rules.

L. After each electrical system installation is complete, perform the tests to determine that the
entire system is in proper working order and in accordance with applicable codes,
manufacturer's instructions, drawings, and specifications. Tests are in addition to shop tests of
individual items at the manufacturer's plant. Perform insulation and ground resistance tests
before operating tests.

M. Perform insulation tests on electrical equipment, apparatus, cables, motors, generators,
transformers, circuit breakers and switches, switchgear, motor control centers, and similar
electrical equipment, at the following times and conditions:

Prior to energization and/or placing into service.

When damage to the insulation is suspected or known to exist.

After repairs or modifications to the equipment affecting the insulation.

Where lightning or other surge conditions are known to have existed on the circuit.

bl s

N.  Make openings in circuits for test instruments and place and connect instruments, equipment,
and devices, required for the tests. Upon completion of tests, remove instruments and
instrument connections and restore circuits to permanent condition.

O.  List each circuit and measured resistance as test data. Maintain record of insulation resistance
values. Identify conductor, or equipment, date that value was taken and resistance value.
Arrange information in tabular form and submit to Engineer.

P. Report inspections, tests, and calibrations in writing on engineer-approved reports/forms. The
recorded data form shall have the signatures of the persons conducting the tests, authorized
witnesses, and the engineer. The forms shall serve as the test and inspection checklist.

Q.  When the electrical tests and inspections specified or required within this Section are completed
and results reported, reviewed, and approved by the engineer, the Contractor may consider that
portion of the electrical equipment system or installation electrically complete. The Contractor
will then affix appropriate, approved, and dated completion or calibration labels to the tested
equipment and notify the engineer of electrical completion. If the engineer finds completed
work unacceptable, he will notify the Contractor in writing of the unfinished or deficient work,
with the reason for his rejection, to be corrected by the Contractor. The Contractor will notify
the engineer in writing when exceptions have been corrected. The Contractor will prepare a
"Notification of Substantial Electrical Completion" for approval by the engineer following
engineer's acceptance of electrical completion. If later in-service operation or further testing
identifies problems attributable to the Contractor, these will be corrected by the Contractor, at
no additional cost to owner.

R.  Specific Tests:

1. Perform the following specific tests. De-energize and isolate equipment and cable prior to
performing the tests.

2. Wire and Cable: (All conductors originating from main switchboard and distribution
panels).
a. Before energizing any cable or wire, megger the insulation resistance of every

external circuit wire to each other and to ground. Tests shall be conducted at
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voltages of 500 volts or lower. Continuity test each wire and cable to verify the
field applied tag per conductor. Minimum insulation resistance valves shall not be
less than two megohms.

b. Take insulation resistance measurements for motor feeders. With motors
disconnected, measure insulation resistance from load side of contactors or circuit
breakers.

c. Check cables and wires for the proper identification numbering and/or color
coding.

d. Inspect cables for physical damage and proper connection in accordance with

single line diagram.
3. Power Distribution System:
a. Circuit Breakers

1) Circuit breaker shall be checked for proper mounting, conductor size and
feeder designation.

2) Operate circuit breaker to ensure smooth operation.

3)  Inspect case for cracks or other defects.

4) Check tightness of connections with calibrated torque wrench. Refer to
manufacturer's instruction for proper torque levels.

5)  Perform a contact resistance test or measure millivolt drop at rated current.

6)  Perform an insulation resistance test at 1000 volts dc for one (1) minute
from pole-to-pole and from each pole-to-ground with breaker closed and
across open contacts of each phase - 500V D.C. if circuit breaker is solid
state.

7)  Adjustable trip breakers shall have minimum pickup current determined by
primary current injection where applicable.

8)  Perform long time delay time-current characteristic tests by passing three
hundred percent (300%) rated current through each pole separately.
Determine trip time.

9)  Determine short time pickup and delay by primary current injection if
applicable to the particular breaker.

10) Determine ground fault pickup and time delay by primary current injection
if applicable to the particular breaker.

11) Determine instantaneous pickup current by primary injection using run-up
or pulse method. Clearing times shall be within four (4) cycles.

12)  Verify trip unit reset characteristics.

13) Perform adjustments for final settings in accordance with breaker setting
sheet if applicable to the particular breaker.

14) Compare contact resistance or millivolt drop values to adjacent poles and
similar breakers. Investigate deviations of more than fifty percent (50%).
Investigate any value exceeding manufacturer's recommendations.

15) Insulation resistance shall not be less than 100 megohms.

16)  Trip characteristic of adjustable trip breakers shall fall within manufacturer's
published time-current characteristic tolerance band.

17)  All circuit breakers mounted in switchboards and distribution boards shall
be time-current tested by primary current injection where possible, and also
any remotely mounted breakers of frame size 400 ampere and larger.

18) Adjust settings and calibrate all circuit breakers as recommended in the
short circuit analysis and coordination study.
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A.

B.

b.

Panelboards

1) Inspect for physical damage and proper grounding.

2)  Compare nameplate information with schedules and report any
discrepancies.

3) Inspect all panelboards for cleanliness, workmanship, etc.

Operating Instructions: Furnish operating instructions to User Agency's designated
representative with respect to operations, functions and maintenance procedures
for equipment and systems installed. Cost of such instruction up to a full five (5)
days of Electrical Subcontractor's time shall be included in contract. Cost of
providing a manufacturer's representative at site for instructional purposes shall
also be included.

THIRD PARTY ELECTRICAL INSPECTION
Contractor shall hire a third-party inspection agency to inspect electrical work.

Contractor shall carry in their bid all required expenses.

END OF SECTION 260500
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 GENERAL REQUIREMENTS

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

B.  Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

C.  Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
1.2 SUMMARY
A.  This Section includes the following:
1. Building wires and cables rated 600 V and less.
2. Conductors rated up to 1000V.
3. Connectors, splices, and terminations rated 600 V and less.
1.3 SUBMITTALS

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

B.  Field quality-control test reports.

1.4 QUALITY ASSURANCE
A. 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.

B.  Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 CONDUCTORS AND CABLES

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

1. Service Wire Company.
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2.2

2. Encore Wire.
3. Southwire Company.

Copper Conductors: Comply with NEMA WC 70.
Conductor Insulation:
1. THHN/THWN-2 Wire:

a. Complies with NEMA WC 70

b. Listed to UL 83

c. Suitable for operation at 600 volts or less in wet or dry locations.
d. 90 degree C rated in wet or dry locations.

2. XHHW-2 Wire:

Complies with NEMA WC 70

Listed to UL 44

Suitable for operation at 600 volts or less in wet or dry locations

90 degree C rated in wet or dry locations.

Insulation is an abrasion, moisture, and heat resistant cross-linked polyethylene
(XLPE)

Wire sizes which are #8 AWG and larger shall be gas/oil resistant, and sunlight
(UV) resistant.

oo o

h

3. RHH/RHW-2 Wire:

Complies with NEMA WC 70

Listed to UL 44

Suitable for operation at 1000Volts or less in wet or dry locations
90 degree C rated in wet or dry locations.

oo

Two-hour Fire Rated: Comply with UL2196 Type RHW

CONNECTORS AND SPLICES

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

1. Hubbell Power Systems, Inc.
2. 0-Z/Gedney; EGS Electrical Group LLC.
3. 3M; Electrical Products Division.

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

Submersible Connectors and Splices: Submersible connectors and splices shall have all of the
following features:
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1. UL listed as a sealed wire-connector system
2. UL 486D Listed for direct burial and submersible applications

PART 3 - EXECUTION

3.1

A.

3.2

CONDUCTOR MATERIAL APPLICATIONS
Service Entrance: Copper. Stranded.
Feeders: Copper. Stranded.

Branch Circuits:

1. Solid for No. 10 AWG and smaller, unless otherwise noted and except as follows:
a. Where the conductors connect to vibrating equipment (including, but not limited

to, transformers, motors, and generators), the conductors shall be stranded.
b. Where the equipment manufacturer recommends stranded conductors, the

associated conductors shall be stranded.
2. Stranded for No. 8 AWG and larger.

DC Power to interface devices (plug-in dispensers or pantographs): Copper. Stranded. 1000V
rated

Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

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

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

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2,
single conductors in raceway. Even if only a small portion of the feeder is concealed in
concrete, below slab-on-grade, or underground, the entire length of the feeder shall be XHHW-2
from end-to-end.

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

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single
conductors in raceway, unless otherwise noted and except as follows:
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1. MC (Metal Clad) cable may be used in lieu of THHN/THWN-2, single conductors in
raceway, where allowed by Section 260533 “Raceways and Boxes for Electrical
Systems”.

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:
Type XHHW-2, single conductors in raceway. Even if only a small portion of the branch circuit
is concealed in concrete, below slab-on-grade, or underground, the entire length of the branch
circuit shall be XHHW-2 from end-to-end.

Wiring on the load side of Variable Frequency Drives: Type XHHW-2 single conductors in
raceway, unless otherwise noted.

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

Wiring for DC power connections between charger and dispensers: Type RHH/RHW-2 single
conductors in metallic raceways, unless otherwise noted.

Fire Rated Cable: 2-hour fire rated Type RHW, unless otherwise noted

1. Use cable where the drawings indicate that fire rated cable is required.

2. Increase size of the conduit from what is indicated in the drawings, as required in order to
accommodate the larger size of the fire rated cable. Comply with the NEC and the
manufacturer’s recommendations.

INSTALLATION OF CONDUCTORS AND CABLES
Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

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

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

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

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

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

Where wires larger than #12 AWG are installed on 15A or 20A branch circuits, splice #12AWG
“pigtails” for connections to circuit breakers, devices and equipment. “Pigtails” in this
paragraph shall mean short leads used to connect a circuit breaker, device or equipment to
branch circuit wires. Comply with all of the following:
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Length of the wires of the “pigtails” shall be less than 48”, unless otherwise noted and
except as follows:

a. At light poles, the length of the “pigtails” shall be increased to match the height of
the light pole such that the “pigtail” splice is located in the handhole at the base of
the pole. The length of the “pigtail” shall not exceed 125% of the overall height of
the light pole.

Where the “pigtails” are run inside raceways, the length of the raceways shall be less than
23”, and the raceways shall be sized per NEC requirements.

Provide junction boxes as required for splicing wires.

The wire size of the phase, neutral, and ground wires of the “pigtails” shall not be less
than #12AWG.

All work shall comply with NEC, the manufacturer’s recommendations, and the contract
documents.

H. Do not combine separate branch circuits in the same raceway, unless otherwise noted and
except as follows:

1.

Branch circuits may be combined in the same raceway where ALL of the following
conditions are met:

a. The branch circuits being combined in the same raceway serve the same area or
adjacent areas.

b. The branch circuits being combined in the same raceway homerun to the same
panelboard.

c. The number of branch circuits being combined in the same raceway does not
exceed 3.

d. The number of current carrying conductors installed in the same raceway does not
exceed 6.

e. The branch circuits are installed in a manner that does not subject them to any

ampacity derating, except for the ampacity derating caused by having 4 to 6
current carrying conductors in the same raceway.

f. The branch circuits that are being combined in the same raceway are all fed from
1-pole circuit breakers that have a trip rating of either 15 amperes or 20 amperes.

g. The branch circuits that are being combined in the same raceway are not fed from
circuit breakers that have a trip rating greater than 20 amperes.

h. The branch circuits that are being combined in the same raceway are limited to 1-
phase circuits that have a voltage of either 120V or 277V.

1. The smallest wire size, in the branch circuits which are being combined in the
same raceway, is not smaller than #12 AWG.

J. The wires that are combined in the same raceway do not exceed the NEC wire fill

capacity of the raceway. The raceway size is increased as required to comply with
NEC requirements.

k. The branch circuits which are being combined in the same raceway are limited to
lighting and receptacle branch circuits.
1. Dedicated neutral wires are provided for all branch circuits.

m.  Ground wires are provided in accordance with NEC requirements. Grounding and
bonding are provided in accordance with NEC requirements.

n. Where the NEC does not allow branch circuits to be combined in the same
raceway, the branch circuits are not combined in the same raceway.
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0. All work complies with the NEC, the manufacturer’s recommendations, and the
contract documents.

L. Underground splices of service, feeder, and branch circuits shall not be permitted, unless
otherwise noted.

1. Where the drawings specifically indicate that underground wires shall be spliced,
submersible splices and connectors shall be used. The contractor shall mark the locations
of the underground splices on the as-built drawings.

J. Conductor terminations at all charging equipment and components shall be performed as
recommended by the equipment manufacturer. Provide crimp narrow cable lugs of maximum
allowable width per manufacturer recommendations.

34 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.  Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm).

3.5 FIRESTOPPING

A. Refer to Section 260500 “Common Work Results for Electrical”.

3.6 FIELD QUALITY CONTROL
A.  Perform tests and inspections and prepare test reports.
B.  Tests and Inspections:

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

a. Electrical tests (this includes, but is not limited to: insulation resistance testing) are

required on all wiring that is #2 AWG and larger, and all sizes of underground
wiring. Visual and mechanical inspections are required on all wiring.

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

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

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

END OF SECTION 260519

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 260519 -7



NCWSA Office Addition — 100% Design
Wendel Project No. 616202

SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

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 grounding and bonding systems and equipment.

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

1. Underground distribution grounding.

2. Ground bonding common with lightning protection system.
3. Foundation steel electrodes.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plans showing dimensioned locations of grounding features specified
in "Field Quality Control" Article, including the following:

1. Test wells.

2. Ground rods.

3. Ground rings.

4. Grounding arrangements and connections for separately derived systems.

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

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For grounding to include in emergency, operation, and
maintenance manuals.
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1.6 QUALITY ASSURANCE

A.  Testing Agency Qualifications: Certified by NETA.

PART 2 - PRODUCTS
2.1 SYSTEM DESCRIPTION

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

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

2.2 MANUFACTURERS

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

following:
1. Grounding Conductors and Cables:
a. Refer to Division 26 Section “Conductors and Cables”

2. Grounding Rods:

a. Harger

b. Blackburn

c. nVent Erico Inc.
3. Mechanical Connectors:

a. Burndy (a Hubbell Company)

b. Harger
4. Exothermic Connections:
a. nVent Erico Inc

23 CONDUCTORS

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

B.  Bare Copper Conductors:
1. Solid Conductors: ASTM B3.
2. Stranded Conductors: ASTM BS.
3. Tinned Conductors: ASTM B33.

4. Bonding Cable: 28 kemil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.
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5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8
inches wide and 1/16 inch thick.
7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper

ferrules; 1-5/8 inches wide and 1/16 inch thick.

Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section,
with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply
with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at
5000 V.

CONNECTORS

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.

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

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

Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals.

Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual,
tin-plated or silicon bronze bolts.

Cable-to-Cable Connectors: Compression type, copper or copper alloy.

Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.

Conduit Hubs: Mechanical type, terminal with threaded hub.

Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.
Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.
Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw.

Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud
lengths, capable of single and double conductor connections.

Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw.

Tower Ground Clamps: Mechanical type, copper or copper alloy, terminal one or two-piece
clamp.

U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.

Water Pipe Clamps:
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A.

B.

C.

1. Mechanical type, two pieces with stainless-steel bolts.

a. Material: Die-cast zinc alloy.
b. Listed for direct burial.

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct
burial.
GROUNDING ELECTRODES

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

Chemical-Enhanced Grounding Electrodes: Copper tube, straight or L-shaped, charged with
nonhazardous electrolytic chemical salts.

1. Termination: Factory-attached No. 4/0 AWG bare conductor at least 48 inches long.
2. Backfill Material: Electrode manufacturer's recommended material.

Ground Plates: 1/4 inch thick, hot-dip galvanized.

PART 3 - EXECUTION

3.1

A.

D.

APPLICATIONS

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

Underground Grounding Conductors: Install bare tinned-copper conductor, No.2/0 AWG
minimum.

1. Bury at least 30 inches below grade.

2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when indicated as
part of duct-bank installation.

Grounding Conductors: Green-colored insulation with continuous yellow stripe.

Isolated Grounding Conductors: Green-colored insulation with more than one continuous
yellow stripe. On feeders with isolated ground, identify grounding conductor where visible to
normal inspection, with alternating bands of green and yellow tape, with at least three bands of
green and two bands of yellow.

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

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches
above finished floor unless otherwise indicated.
2. Where indicated on both sides of doorways, route bus up to top of door frame, across top

of doorway, and down; connect to horizontal bus.
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3.5

F.

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.

GROUNDING AT THE SERVICE

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

GROUNDING SEPARATELY DERIVED SYSTEMS

Generator: Install grounding electrode(s) at the generator location. The electrode shall be
connected to the equipment grounding conductor and to the frame of the generator.

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

Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole
floor, close to wall, and set rod depth so 4 inches 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 above to 6 inches below concrete.
Seal floor opening with waterproof, nonshrink grout.

Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts,
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to
ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded,
hard-drawn copper bonding conductor. Train conductors level or plumb around corners and
fasten to manhole walls. Connect to cable armor and cable shields according to written
instructions by manufacturer of splicing and termination Kkits.

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

EQUIPMENT GROUNDING

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

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 5



NCWSA Office Addition — 100% Design
Wendel Project No. 616202

3.6

B.

Install insulated equipment grounding conductors with the following items, in addition to those
required by NFPA 70:

Feeders and branch circuits.

Lighting circuits.

Receptacle circuits.

Single-phase motor and appliance branch circuits.

Three-phase motor and appliance branch circuits.

Flexible raceway runs.

Armored and metal-clad cable runs.

Busway Supply Circuits: Install insulated equipment grounding conductor from
grounding bus in the switchgear, switchboard, or distribution panel to equipment
grounding bar terminal on busway.

9. X-Ray Equipment Circuits: Install insulated equipment grounding conductor in circuits
supplying x-ray equipment.

PN R WD =

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.

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.

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

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

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.

Metallic Fences: Comply with requirements of IEEE C2.

1. Grounding Conductor: Bare copper, not less than No. 8 AWG.

2. Gates: Shall be bonded to the grounding conductor with a flexible bonding jumper.

3. Barbed Wire: Strands shall be bonded to the grounding conductor.

FENCE GROUNDING

Fence Grounding: Install at maximum intervals of 1500 feet except as follows:
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1. Fences within 100 Feet of Buildings, Structures, Walkways, and Roadways: Ground at
maximum intervals of 750 feet.

a. Gates and Other Fence Openings: Ground fence on each side of opening.
1)  Bond metal gates to gate posts.

2) Bond across openings, with and without gates, except at openings indicated
as intentional fence discontinuities. Use No. 2 AWG wire and bury it at least
18 inches below finished grade.

Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of
crossing and at a maximum distance of 150 feet on each side of crossing.

Fences Enclosing Electrical Power Distribution Equipment: Ground as required by IEEE C2
unless otherwise indicated.

Grounding Method: At each grounding location, drive a grounding rod vertically until the top is
6 inches below finished grade. Connect rod to fence with No. 6 AWG conductor. Connect
conductor to each fence component at grounding location.

Bonding Method for Gates: Connect bonding jumper between gate post and gate frame.

Bonding to Lightning-Protection System: If fence terminates at lightning-protected building or
structure, ground the fence and bond the fence grounding conductor to lightning-protection
down conductor or lightning-protection grounding conductor, complying with NFPA 780.

INSTALLATION

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.

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.

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

1. Interconnect ground rods with grounding electrode conductor below grade and as
otherwise indicated. Make connections without exposing steel or damaging coating if
any.

2. Use exothermic welds for all below-grade connections.

3. For grounding electrode system, install at least three rods spaced at least one-rod length

from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.
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Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Section 260543 "Underground Ducts and Raceways for Electrical Systems," and
shall be at least 12 inches deep, with cover.

1. 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.

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.

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.

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

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

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 from building's foundation.

Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; use a
minimum of 20 feet of bare copper conductor not smaller than No. 4 AWG.

L. If concrete foundation is less than 20 feet long, coil excess conductor within base of
foundation.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 8



NCWSA Office Addition — 100% Design
Wendel Project No. 616202

3.8

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.

Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using
electrically conductive coated steel reinforcing bars or rods, at least 20 feet long. If reinforcing
is in multiple pieces, connect together by the usual steel tie wires or exothermic welding to
create the required length.

Connections: Make connections so possibility of galvanic action or electrolysis is minimized.
Select connectors, connection hardware, conductors, and connection methods so metals in direct
contact are galvanically compatible.

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

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

3. Make aluminum-to-steel connections with stainless-steel separators and mechanical
clamps.

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

5. Coat and seal connections having dissimilar metals with inert material to prevent future

penetration of moisture to contact surfaces.

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 test and
inspect components, assemblies, and equipment installations, including connections.

Perform tests and inspections with the assistance of a factory-authorized service representative.

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. 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 §1.
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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.

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

F. Prepare test and inspection reports.

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

SIS e

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

Manhole Grounds: 10 ohms.

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

1.1

A.

1.2

1.3

1.4

1.5

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
SUMMARY

This Section includes the following:

1. Hangers and supports for electrical equipment and systems.

DEFINITIONS
EMT: Electrical metallic tubing.

RMC: Rigid metal conduit.

PERFORMANCE REQUIREMENTS

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

SUBMITTALS

Product Data: For the following:

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

Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and
installation details and include calculations for the following:

1. Metal framing systems with conduit attachment.
2. Hanger rods and connections.
Welding certificates.
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A.

B.

QUALITY ASSURANCE

Welding: Qualify procedures and personnel according to AWS DI1.1/D1.1M, "Structural
Welding Code - Steel."

Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

A.

2.2

A.

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified professional engineer to design trapeze conduit hangers
and equipment supports.

Structural Performance: Hangers and supports shall withstand the effects of gravity loads and
stresses within limits and under conditions indicated according to ASCE/SEI 7.
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. Thomas & Betts Corporation.
e. Unistrut; Tyco International, Ltd.

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

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

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

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

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

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

2. 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.

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

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

5. Through Bolts:  Structural type, hex head, and high strength. Comply with

ASTM A 325.

Toggle Bolts: All-steel springhead type.

7. Hanger Rods: Threaded steel.

o

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

3.2

A.

B.

APPLICATION

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.

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in
diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted support
system, sized so capacity can be increased by at least 25 percent in future without exceeding
specified design load limits.

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

SUPPORT INSTALLATION

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

Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, and
RMC may be supported by openings through structure members, as permitted in NFPA 70.
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C.

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

2. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

3. To Existing Concrete: Expansion anchor fasteners.

4. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock

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

5. To Light Steel: Sheet metal screws.

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

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.

PAINTING

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).

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 - RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

w

o O

o

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
SUMMARY

This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.

DEFINITIONS

EMT: Electrical metallic tubing.

RGS: Rigid steel conduit.

FMC: Flexible metal conduit.

LFMC: Liquidtight flexible metal conduit.
LFNC: Liquidtight flexible nonmetallic conduit.

RNC: Rigid nonmetallic conduit.

SUBMITTALS

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

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

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

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

3. Detailed description of equipment anchorage devices on which the certification is based

and their installation requirements.
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A.

B.

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

QUALITY ASSURANCE

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.

PART 2 - PRODUCTS

2.1

2.2

A.

A.

METAL CONDUIT AND TUBING

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

Alflex Inc.

Allied Tube & Conduit; a Tyco International Ltd. Co.
O-Z Gedney; a unit of General Signal.

Wheatland Tube Company.

b .

Rigid Steel Conduit: ANSI C80.1.

EMT: ANSI C80.3.

FMC: Zinc-coated steel.

LFMC: Flexible steel conduit with PVC jacket.

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. Coordinate first subparagraph below with Drawings.

1. Fittings for EMT: Compression type.
BOXES, ENCLOSURES, AND CABINETS

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

Erickson Electrical Equipment Company.

Hoffman.

Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
0O-Z/Gedney; a unit of General Signal.

RACO; a Hubbell Company.

Robroy Industries, Inc.; Enclosure Division.

A e
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E.

F.

G.

7. Spring City Electrical Manufacturing Company.
8. Thomas & Betts Corporation.

Sheet and Device Boxes: NEMA OS 1.

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

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

Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, galvanized, cast iron with gasketed
cover.

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

front, finished inside and out with manufacturer's standard enamel.
Hinged door in front cover with flush latch and concealed hinge.
Key latch to match panelboards.

Metal barriers to separate wiring of different systems and voltage.
Accessory feet where required for freestanding equipment.

kv

PART 3 - EXECUTION

3.1

A.

B.

RACEWAY APPLICATION
Outdoors: Apply raceway products as specified below, unless otherwise indicated:

1. Exposed Conduit: Rigid steel conduit.
2. Concealed Conduit, Aboveground: Rigid steel conduit.

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): LEMC.
5. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

Comply with the following indoor applications, unless otherwise indicated:

Exposed, Not Subject to Physical Damage: RGS, Use EMT in Office Areas.
Exposed, Not Subject to Severe Physical Damage: RGS, Use EMT in Office Areas.
Exposed and Subject to Severe Physical Damage: Rigid steel conduit.

Concealed in Ceilings and Interior Walls and Partitions: EMT.

el S
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5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet
locations.

6. Final Connection to Charging Equipment: LFMC, maximum of 6ft.

Damp or Wet Locations: Rigid steel conduit.

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

~

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

1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings, unless otherwise indicated.
2. EMT Conduit: Use compression, raintight fittings, unless otherwise indicated.

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.

Do not install aluminum conduits.

INSTALLATION

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.

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

Complete raceway installation before starting conductor installation.

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

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

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.

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

Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support.

2. Arrange raceways to cross building expansion joints at right angles with expansion
fittings.

3. Change from ENT to rigid steel conduit, or EMT before rising above the floor.
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L

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.

Flexible Conduit Connections: Use maximum of 72 inches (1830 mm) of flexible conduit for
recessed 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 in damp or wet locations not subject to severe physical damage.

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.

FIRESTOPPING

Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical
installations to restore original fire-resistance rating of assembly. Firestopping materials must
be approved for specific use.

Penetrations in Fire-Resistance-Rated Walls: Provide penetration firestopping with ratings
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure differential of
0.01-inch wg (2.49 Pa).

1. Fire-resistance-rated walls include fire walls, fire-barrier walls, smoke-barrier walls and
fire partitions.

F-Rating: Not less than the fire-resistance rating of constructions penetrated.

PROTECTION

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 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

SUMMARY

This Section includes the following:

1. Identification for conductors.
2. Equipment identification labels.
SUBMITTALS

Product Data: For each electrical identification product indicated.
QUALITY ASSURANCE

Comply with ANSI A13.1 and ANSI C2.

Comply with NFPA 70.

Comply with 29 CFR 1910.145.

COORDINATION

Coordinate identification names, abbreviations, colors, and other features with requirements in
the Contract Documents, 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.

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with location of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.
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PART 2 - PRODUCTS

2.1

A.

B.

2.2

A.

B.

CONDUCTOR 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.

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

Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.
White letters on a black background. Minimum letter height shall be 3/8 inch (10 mm).

Contractor shall provide information labels on all receptacles, panelboards, junction boxes, wall
switches & disconnect switches. Labels shall be phenolic type with black background & white
engraved lettering. Label shall indicate circuit/feeder source & equipment ID name.

PART 3 - EXECUTION

3.1

A.

B.

APPLICATION

Branch-Circuit Conductor Identification: Where there are conductors for more than three
branch circuits in same junction or pull box, use color-coding conductor tape. Identify each
ungrounded conductor according to source and circuit number.

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

1. Labeling Instructions:
a. Indoor Equipment: Engraved, laminated acrylic or melamine label.
2. Equipment to Be Labeled:

Panelboards, electrical cabinets, and enclosures.
Transformers.

Disconnect switches.

Push-button stations.

BEB chargers and associated dispenser

Remote emergency shutdowns

mo oo o
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A.

INSTALLATION

Verify identity of each item before installing identification products.

Location: Install identification materials and devices at locations for most convenient viewing

without interference with operation and maintenance of equipment.

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

Self-Adhesive Identification Products: Clean surfaces before application, using materials and

methods recommended by manufacturer of identification device.

Attach nonadhesive signs and plastic labels with screws and auxiliary hardware appropriate to
the location and substrate.

Color-Coding for Phase and Voltage Level Identification, 600 V and Less: Use the colors listed

below for ungrounded service, feeder, and branch-circuit conductors.

1. Colors for 208/120-V Circuits:

oo o

2. Colors for 480/277-V Circuits:

o0 o

Phase A: Black.
Phase B: Red.

Phase C: Blue.
Neutral: White
Ground: Green

Phase A: Brown.

Phase B: Orange.
Phase C: Yellow.

Neutral: White
Ground: Green

3. 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
Apply last two turns of tape with no tension to prevent possible unwinding.

made.
Locate bands to avoid obscuring factory cable markings.

END OF SECTION 260553

IDENTIFICAITON FOR ELECTRICAL SYSTEMS
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SECTION 260923 - LIGHTING CONTROL DEVICES
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  Section Includes:
Photoelectric switches.
Standalone daylight-harvesting switching and dimming controls.

Indoor occupancy and vacancy sensors.
Switchbox-mounted occupancy sensors.

bl

B.  Related Requirements:
1. Section 262726 "Wiring Devices" for wall-box dimmers, non-networkable wall-switch
occupancy sensors, and manual light switches.
1.3 ACTION SUBMITTALS
A.  Product Data: For each type of product.

B.  Shop Drawings:

1. Show installation details for the following:
a. Occupancy Sensors.
b. Vacancy Sensors.

c. Daylight Harvesting Sensors

2. Interconnection diagrams showing field-installed wiring.
3. Include diagrams for power, signal, and control wiring.

C.  Field quality-control reports.

D.  Sample Warranty: For manufacturer's warranties.

1.4 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For each type of lighting control device to include in
operation and maintenance manuals.
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1.5 WARRANTY

A.  Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control
devices that fail(s) in materials or workmanship within specified warranty period.

1. Failures include, but are not limited to, the following:
a. Faulty operation of lighting control software.
b. Faulty operation of lighting control devices.

2. Warranty Period: One year(s) from date of Substantial Completion.

PART 2 - PRODUCTS
2.1 GENERAL

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

L. Wattstopper.
2. System Sensor
3. Hubbell
2.2 DAYLIGHT-HARVESTING DIMMING CONTROLS, DIGITAL

A.  Description: Sensing daylight and electrical lighting levels, the system adjusts the indoor
electrical lighting levels. As daylight increases, lights are dimmed.

1. Lighting control set point is based on the following two lighting conditions:

a. When no daylight is present (target level).
b. When significant daylight is present.

2. System programming is done with two hand-held, remote-control tools.
a. Initial setup tool.
b. Tool for occupants to adjust the target levels by increasing the set point up to 25

percent, or by minimizing the electric lighting level.

B.  Ceiling-Mounted Dimming Controls: Solid-state, light-level sensor unit, with integrated OR
separate power pack, to detect changes in indoor lighting levels that are perceived by the eye.

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

2. Sensor Output: 0- to 10-V dc to operate luminaires. Sensor is powered by controller unit.
3. Light-Level Sensor Set-Point Adjustment Range: 20 to 60 fc (120 to 640 lux).
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D.  Power Pack: Digital controller capable of accepting four RJ45 inputs with two output(s) rated
for 16-A of LED at 120- and 277-V ac, and for 1 hp at 120-V ac. Sensor has 24-V dc Class 2
power source, as defined by NFPA 70.

1.
2.
3.

With integral current monitoring.
Compatible with digital addressable lighting interface.
Plenum rated.

23 INDOOR OCCUPANCY AND VACANCY SENSORS

A.  General Requirements for Sensors:

el o

10.

11.
12.

Wall or Ceiling-mounted, solid-state indoor occupancy and vacancy sensors.
Dual technology.

Integrated or Separate power pack.

Hardwired or Wireless connection to switch BAS and lighting control system.

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

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

b. Vacancy Sensor: Unless otherwise indicated, lights are manually turned on and
sensor turns lights off when the room is unoccupied; with a time delay for turning
lights off, adjustable over a minimum range of 1 to 15 minutes.

c. Combination Sensor: Unless otherwise indicated, sensor shall be programmed to
turn lights on when coverage area is occupied and turn them off when unoccupied,
or to turn off lights that have been manually turned on; with a time delay for
turning lights off, adjustable over a minimum range of 1 to 15 minutes.

Power: Line voltage.

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

Mounting;:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay: Externally mounted through a 1/2-inch knockout in a standard electrical
enclosure.

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

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

Bypass Switch: Override the "on" function in case of sensor failure.

Automatic Light-Level Sensor: Adjustable from 2 to 200 fc (21.5 to 2152 lux); turn lights
off when selected lighting level is present.
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24

2.5

B.

Dual-Technology Type: Wall or Ceiling mounted (where indicated on floor plans); detect
occupants in coverage area using PIR and ultrasonic detection methods. The particular
technology or combination of technologies that control on-off functions is selectable in the field
by operating controls on unit.

1. Sensitivity Adjustment: Separate for each sensing technology.

2. Detector Sensitivity: Detect occurrences of 6-inch-minimum movement of any portion of
a human body that presents a target of not less than 36 sq. in., and detect a person of
average size and weight moving not less than 12 inches in either a horizontal or a vertical
manner at an approximate speed of 12 inches/s.

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

4. Detection Coverage (Room, Wall Mounted): Detect occupancy anywhere within a 180-
degree pattern centered on the sensor over an area of 1000 square feet above finished
floor.

SWITCHBOX-MOUNTED OCCUPANCY SENSORS

General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-
off switch, suitable for mounting in a single gang switchbox, using hardwired connection or
wireless connection.

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and application, and shall comply with California Title 24].

2. Occupancy Sensor Operation: Unless otherwise indicated, turn lights on when coverage

area is occupied, and turn lights off when unoccupied; with a time delay for turning lights

off, adjustable over a minimum range of 1 to 15 minutes.

Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F.

Switch Rating: Not less than 800-VA LED load at 120 V, 1200-VA LED load at 277 V.

Concealed, field-adjustable, "off" time-delay selector at up to 30 minutes.

Concealed, "off" time-delay selector at 30 seconds and 5, 10, and 20 minutes.

Adaptive Technology: Self-adjusting circuitry detects and memorizes usage patterns of

the space and helps eliminate false "off" switching.

NN kW

8. Color: White.
9. Faceplate: Color matched to switch.

CONDUCTORS AND CABLES

Power Wiring to Supply Side of Remote-Control Power Sources: Not smaller than No. 12
AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."

Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not
smaller than No. 18 AWG. Comply with requirements in Section 260519 "Low-Voltage
Electrical Power Conductors and Cables."
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C.

Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than
No. 14 AWG. Comply with requirements in Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."

PART 3 - EXECUTION

3.1

A.

B.

C.

3.2

A.

B.

C.

33

A.

B.

34

A.

B.

C.

D.

EXAMINATION

Examine lighting control devices before installation. Reject lighting control devices that are
wet, moisture damaged, or mold damaged.

Examine walls and ceilings for suitable conditions where lighting control devices will be
installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

SENSOR INSTALLATION

Comply with NECA 1.

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

Install and aim sensors in locations to achieve not less than 90 percent coverage of areas
indicated. Do not exceed coverage limits specified in manufacturer's written instructions.
CONTACTOR INSTALLATION

Comply with NECA 1.

Mount electrically held lighting contactors with elastomeric isolator pads to eliminate structure-
borne vibration unless contactors are installed in an enclosure with factory-installed vibration
isolators.

WIRING INSTALLATION

Comply with NECA 1.

Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors and
Cables." Minimum conduit size is 1/2 inch .

Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-
limited conductors according to conductor manufacturer's written instructions.

Size conductors according to lighting control device manufacturer's written instructions unless
otherwise indicated.
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3.5

3.6

3.7

E.

Splices, Taps, and Terminations: Make connections only on numbered terminal strips in
junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.

IDENTIFICATION

Identify components and power and control wiring according to Section 260553 "Identification
for Electrical Systems."

1. Identify controlled circuits in lighting contactors.
2. Identify circuits or luminaires controlled by photoelectric and occupancy sensors at each
Sensor.

Label time switches and contactors with a unique designation.

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to evaluate lighting control devices and
perform tests and inspections.

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

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Operational Test: After installing time switches and sensors, and after electrical circuitry
has been energized, start units to confirm proper unit operation.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Lighting control devices will be considered defective if they do not pass tests and inspections.

Prepare test and inspection reports.

ADJUSTING

Occupancy Adjustments: When requested within 12 months from date of Substantial
Completion, provide on-site assistance in adjusting lighting control devices to suit actual
occupied conditions. Provide up to two visits to Project during other-than-normal occupancy
hours for this purpose.

1. For occupancy and motion sensors, verify operation at outer limits of detector range. Set
time delay to suit Owner's operations.

2. For daylighting controls, adjust set points and deadband controls to suit Owner's
operations.

3. Align high-bay occupancy sensors using manufacturer's laser aiming tool.
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3.8

3.9

A.

SOFTWARE SERVICE AGREEMENT

Technical Support: Beginning at Substantial Completion, service agreement shall include
software support for two years.

Upgrade Service: At Substantial Completion, update software to latest version. Install and
program software upgrades that become available within two years from date of Substantial
Completion. Upgrading software shall include operating system and new or revised licenses for
using software.

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access the system and
to upgrade computer equipment if necessary.
DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain lighting control devices.

END OF SECTION 260923
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SECTION 262416 — PANELBOARDS

PART 1 - GENERAL

1.1

1.2

1.3

A.

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
SUMMARY

Section Includes:

1. Lighting and appliance branch-circuit panelboards.

SUBMITTALS

Product Data: For each type of panelboard, switching and overcurrent protective device,
accessory, and component indicated. Include dimensions and manufacturers' technical data on
features, performance, electrical characteristics, ratings, and finishes.

Shop Drawings: For each panelboard and related equipment.
1. Include dimensioned plans, elevations, sections, and details. Show tabulations of

installed devices, equipment features, and ratings.
2. Detail enclosure types and details for types other than NEMA 250, Type 1.

3. Detail bus configuration, current, and voltage ratings.

4. Short-circuit current rating of panelboards and overcurrent protective devices.

5. Include evidence of NRTL listing for series rating of installed devices.

6. Detail features, characteristics, ratings, and factory settings of individual overcurrent
protective devices and auxiliary components.

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

8. Include time-current coordination curves for each type and rating of overcurrent

protective device included in panelboards. Submit on translucent log-log graft paper;
include selectable ranges for each type of overcurrent protective device.

Qualification Data: For qualified testing agency.
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D.

1.4

1.5

1.6

Field Quality-Control Reports:

1. Test procedures used.

2. Test results that comply with requirements.

3. Results of failed tests and corrective action taken to achieve test results that comply with
requirements.

Panelboard Schedules: For installation in panelboards. Submit final versions after load
balancing.

Operation and Maintenance Data: For panelboards and components 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. Manufacturer's written instructions for testing and adjusting overcurrent protective
devices.
2. Time-current curves, including selectable ranges for each type of overcurrent protective

device that allows adjustments.

QUALITY ASSURANCE

Source Limitations: Obtain panelboards, overcurrent protective devices, components, and
accessories from single source from single manufacturer.

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

Comply with NEMA PB 1.

Comply with NFPA 70.

COORDINATION

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

EXTRA MATERIALS

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

1. Keys: Two spares for each type of panelboard cabinet lock.
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PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR PANELBOARDS

A.  Fabricate and test panelboards according to IEEE 344 to withstand seismic forces.

B. Enclosures: Flush- and surface-mounted cabinets.

1.

2. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match
box dimensions; for flush-mounted fronts, overlap box.

3. Hinged Front Cover: Entire front trim hinged to box and with standard door within
hinged trim cover.

4. Finishes:

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

b. Back Boxes: Galvanized steel.

5. Directory Card: Inside panelboard door, mounted in metal frame with transparent
protective cover.
C.  Incoming Mains Location: Top and bottom.

Rated for environmental conditions at installed location.

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

D. Phase, Neutral, and Ground Buses:

1. Material: Hard-drawn copper, 98 percent conductivity.
2. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment grounding
conductors; bonded to box.
E. Conductor Connectors: Suitable for use with conductor material and sizes.
1. Material: Hard-drawn copper, 98 percent conductivity.
2. Main and Neutral Lugs: Compression type.
3. Ground Lugs and Bus-Configured Terminators: Compression type.
F. Future Devices: Mounting brackets, bus connections, filler plates, and necessary appurtenances

required for future installation of devices.

G.  Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-circuit
current available at terminals.

PANELBOARDS
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2.2 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

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

1. Square D; a brand of Schneider Electric.

2. Eaton Electrical Inc.; Cutler-Hammer Business Unit

3. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
B.  Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

C. Mains: Circuit breaker as shown on the plans.

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

E. Doors: Concealed hinges; secured with flush latch with tumbler lock; keyed alike.

PART 3 - EXECUTION

3.1 EXAMINATION
A.  Receive, inspect, handle, and store panelboards according to NECA 407 NEMA PB 1.1.

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

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

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

32 INSTALLATION
A.  Install panelboards and accessories according to NECA 407 NEMA PB 1.1.
B.  Mount top of trim 90 inches above finished floor unless otherwise indicated.

C. Mount panelboard cabinet plumb and rigid without distortion of box. Mount recessed
panelboards with fronts uniformly flush with wall finish and mating with back box.

D. Install overcurrent protective devices and controllers not already factory installed.
E.  Install filler plates in unused spaces.

F. Comply with NECA 1.
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33

34

3.5

A.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide warning
signs complying with Division 26 Section "Identification for Electrical Systems."

Create a directory to indicate installed circuit loads after balancing panelboard loads. Use a
computer or typewriter to create directory; handwritten directories are not acceptable.

Panelboard Nameplates: Label each panelboard with a nameplate complying with requirements
for identification specified in Division 26 Section "Identification for Electrical Systems."

FIELD QUALITY CONTROL

Acceptance Testing Preparation:

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

Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.
2. Correct malfunctioning units on-site, where possible, and retest to demonstrate

compliance; otherwise, replace with new units and retest.
Panelboards will be considered defective if they do not pass tests and inspections.

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

ADJUSTING

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

Load Balancing: After Substantial Completion, but not more than 60 days after Final
Acceptance, measure load balancing and make circuit changes.

1. Measure as directed during period of normal system loading.

2. Perform load-balancing circuit changes outside normal occupancy/working schedule of
the facility and at time directed. Avoid disrupting critical 24-hour services such as fax
machines and on-line data processing, computing, transmitting, and receiving equipment.

3. After circuit changes, recheck loads during normal load period. Record all load readings
before and after changes and submit test records.
4, Tolerance: Difference exceeding 20 percent between phase loads, within a panelboard, is

not acceptable. Rebalance and recheck as necessary to meet this minimum requirement.

END OF SECTION 262416
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1

1.2

1.3

A.

w

o a

=2

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this

Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.

SUMMARY

Section Includes:

R R NS

10.
11.
12.

Standard-grade receptacles, 125 V, 20 A.
USB receptacles.

GFCl receptacles, 125 V, 20 A.
Twist-locking receptacles.
Pendant cord-connector devices.
Cord and plug sets.
Decorator-style devices, 20 A.
Occupancy sensors.

Digital timer light switches.
Wall plates.

Floor service fittings.
Poke-through assemblies.

DEFINITIONS

AFCI: Arc-fault circuit interrupter.

BAS: Building automation system.

EMI: Electromagnetic interference.

GFCI: Ground-fault circuit interrupter.

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

RFI: Radio-frequency interference.

SPD: Surge protective device.

WIRING DEVICES
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1.4

A.

1.5

A.

1.6

A.

1.7

A.

B.

C.

1.8

A.

ACTION SUBMITTALS

Product Data: For each type of product.

INFORMATIONAL SUBMITTALS

Field quality-control reports.

CLOSEOUT SUBMITTALS

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

QUALITY ASSURANCE

Source Limitations: Obtain each type of wiring device and associated wall plate through one
source from a single manufacturer. Insofar as they are available, obtain all wiring devices and
associated wall plates from a single manufacturer and one source.

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.

MAINTENANCE MATERIAL SUBMITTALS

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

1. Floor Service-Outlet Assemblies: One for every 10 but no fewer than one.
2. Poke-Through, Fire-Rated Closure Plugs: One for every five floor service outlets
installed, but no fewer than two.

PART 2 - PRODUCTS

2.1

A.

B.

C.

D.

GENERAL WIRING-DEVICE REQUIREMENTS

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

Comply with NFPA 70.
RoHS compliant.

Comply with NEMA WD 1.
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E.

2.2

23

Devices that are manufactured for use with modular plug-in connectors may be substituted
under the following conditions:

L. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
2. Devices shall comply with requirements in this Section.

Devices for Owner-Furnished Equipment:

1. Receptacles: Match plug configurations.

2. Cord and Plug Sets: Match equipment requirements.
Device Color:

L. Wiring Devices Connected to Normal Power System: Unless otherwise indicated or
required by NFPA 70 or device listing provide wiring device color as follows:

a. Administrative area which includes offices, breakrooms, conference rooms and
similar — White with white matching coverplates.
b. Maintenance bays, support areas such as electrical and mechanical rooms, bus

storage and service lane, and similar spaces — gray with stainless steel cover plates.
Wall Plate Color: For plastic covers, match device color.
Source Limitations: Obtain each type of wiring device and associated wall plate from single
source from single manufacturer.
MANUFACTURERS

Manufacturers' Names:  Shortened versions (shown in parentheses) of the following
manufacturers' names are used in other Part 2 articles:

1. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
2. Leviton Mfg. Company Inc. (Leviton).
3. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour).

STANDARD-GRADE RECEPTACLES, 125V, 20 A

Duplex Receptacles, 125 V, 20 A:

1. Description: Two pole, three wire, and self-grounding.

2. Configuration: NEMA WD 6, Configuration 5-20R.

3. Standards: Comply with UL 498 and FS W-C-596.

Tamper-Resistant Duplex Receptacles, 125 V, 20 A:

1. Description: Two pole, three wire, and self-grounding. Integral shutters that operate only
when a plug is inserted in the receptacle.

2. Configuration: NEMA WD 6, Configuration 5-20R.
3. Standards: Comply with UL 498 and FS W-C-596.
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4.

Marking: Listed and labeled as complying with NFPA 70, "Tamper-Resistant
Receptacles" Article.

C.  Weather-Resistant Duplex Receptacle, 125 V, 20 A:

1.

Description: Two pole, three wire, and self-grounding. Integral shutters that operate only
when a plug is inserted in the receptacle. Square face.

Configuration: NEMA WD 6, Configuration 5-20R.

Standards: Comply with UL 498.

Marking: Listed and labeled as complying with NFPA 70, "Receptacles in Damp or Wet
Locations" Article.

D.  Tamper- and Weather-Resistant Duplex Receptacles, 125 V, 20 A:

1. Description: Two pole, three wire, and self-grounding. Integral shutters that operate only
when a plug is inserted in the receptacle. Square face.
2. Configuration: NEMA WD 6, Configuration 5-20R.
3. Standards: Comply with UL 498.
4. Marking: Listed and labeled as complying with NFPA 70, "Tamper-Resistant
Receptacles" and "Receptacles in Damp or Wet Locations" articles.
24 USB RECEPTACLES

A.  USB Charging Receptacles:

1. Description: Single-piece, rivetless, nickel-plated, all-brass grounding system. Nickel-
plated, brass mounting strap.
2. USB Receptacles: Dual, USB Type A, 5 V dc, and 2.1 A per receptacle (minimum).
3. Standards: Comply with UL 1310 and USB 3.0 devices.
4. Combination USB type A and USB type C ports.
2.5 GFCI RECEPTACLES, 125 V,20 A

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

1.

2.
3.
4.

Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two
pole, three wire, and self-grounding.

Configuration: NEMA WD 6, Configuration 5-20R.

Type: Feed or non-feed through.

Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596.

B.  Tamper-Resistant Duplex GFCI Receptacles, 125 V, 20 A:

L.

Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two
pole, three wire, and self-grounding. Integral shutters that operate only when a plug is
inserted in the receptacle.
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2.6

2.7

2. Configuration: NEMA WD 6, Configuration 5-20R.
3. Type: Feed or Non-feed through.
4. Standards: Comply with UL 498, UL 943 Class A, and FS W-C-596.

5. Marking: Listed and labeled as complying with NFPA 70, "Tamper-Resistant
Receptacles" Article.

Tamper- and Weather-Resistant, GFCI Duplex Receptacles, 125 V, 20 A:

1. Description: Integral GFCI with "Test" and "Reset" buttons and LED indicator light. Two
pole, three wire, and self-grounding. Integral shutters that operate only when a plug is
inserted in the receptacle. Square face.

2. Configuration: NEMA WD 6, Configuration 5-15R.

Type: Feed or Non-feed through.

4. Standards: Comply with UL 498 and UL 943 Class A.

98]

5. Marking: Listed and labeled as complying with NFPA 70, "Tamper-Resistant
Receptacles" and "Receptacles in Damp or Wet Locations" articles.

TWIST-LOCKING RECEPTACLES

Twist-Lock, Single Receptacles, 120 V, 20 A:

1. Configuration: NEMA WD 6, Configuration L5-20R.
2. Standards: Comply with UL 498.

Twist-Lock, Single Receptacles, 250 V, 20 A:

1. Configuration: NEMA WD 6, Configuration L6-20R.

2. Standards: Comply with UL 498.

PENDANT CORD-CONNECTOR DEVICES

Description: Matching, locking-type plug and receptacle body connector, heavy-duty grade.
Configuration: NEMA WD 6, Configurations L5-20P and L5-20R.

Body: Nylon, with screw-open, cable-gripping jaws and provision for attaching external cable
grip.

External Cable Grip: Woven wire-mesh type made of high-strength, galvanized-steel wire
strand, matched to cable diameter, and with attachment provision designed for corresponding
connector.

Standards: Comply with FS W-C-596.
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2.8

A.

2.9

2.10

2.11

CORD AND PLUG SETS

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

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

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

connection.

DECORATOR-STYLE DEVICES, 20 A

Decorator Single-Pole Switches, 120/277 V, 20 A:

L. Comply with UL 20.

Decorator Single-Pole Lighted Switches,120/277 V, 20 A:

1. Description: Square face illuminated when circuit is switched off.

2. Standards: Comply with UL 20.

WALL PLATES

Single Source: Obtain wall plates from same manufacturer of wiring devices.

Single and combination types shall match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.

2. Material for Finished Spaces: Smooth, high-impact thermoplastic 0.035-inch-thick,

3. Material for Unfinished Spaces: satin-finished, Type 302 stainless steel, spaces shall
include maintenance bays, vehicle storage

Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-

resistant, die-cast aluminum or thermoplastic with lockable cover. Shall be designed and

manufactured to remain weatherproof while receptacle is plugged in.

FLOOR SERVICE FITTINGS

Flush-Type Floor Service Fittings:

1. Description: Type: Modular, flush-type, dual-service units suitable for wiring method
used, with cover flush with finished floor.

2. Compartments: Barrier separates power from voice and data communication cabling.

3. Service Plate and Cover: die-cast aluminum with satin finish.

4, Power Receptacle: NEMA WD 6 Configuration 5-20R, gray finish, unless otherwise
indicated.

WIRING DEVICES 262726 - 6



NCWSA Office Addition — 100% Design
Wendel Project No. 616202

2.12

A.

5. Data Communication Outlet: Two modular, keyed, color-coded, RJ-45 jacks for twisted
pair cable, complying with requirements in Section 271513 "Communications Copper
Horizontal Cabling."

POKE-THROUGH ASSEMBLIES

Description: Factory-fabricated and -wired assembly of below-floor junction box with

multichanneled, through-floor raceway/firestop unit and detachable matching floor service-

outlet assembly.

Standards: Comply with scrub water exclusion requirements in UL 514.

Service-Outlet Assembly: type with two simplex receptacles and space for two RJ-45 jacks,
complying with requirements in Section 271513 "Communications Copper Horizontal Cabling."

Size: Selected to fit nominal cored holes in floor and matched to floor thickness.

Fire Rating: Unit is listed and labeled for fire rating of floor-ceiling assembly.

Closure Plug: Arranged to close unused openings and reestablish fire rating of floor.

Wiring Raceways and Compartments: For a minimum of four No. 12 AWG conductors and a

minimum of two, four-pair cables that comply with requirements in Section 271513
"Communications Copper Horizontal Cabling."

PART 3 - EXECUTION

3.1

A.

B.

C.

INSTALLATION

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

Coordination with Other Trades:
1. Protect installed devices and their boxes. Do not place wall finish materials over device

boxes, and do not cut holes for boxes with routers that are guided by riding against
outside of boxes.

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

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

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

Conductors:

1. Do not strip insulation from conductors until right before they are spliced or terminated
on devices.
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2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid
scoring or nicking of solid wire or cutting strands from stranded wire.

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

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

Device Installation:

1. Replace devices that have been in temporary use during construction and that were
installed before building finishing operations were complete.

2. Keep each wiring device in its package or otherwise protected until it is time to connect
conductors.

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

4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid
conductor tightly clockwise, two-thirds to three-fourths of the way around terminal
screw.

6. Use a torque screwdriver when a torque is recommended or required by manufacturer.

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice
No. 12 AWG pigtails for device connections.

8. Tighten unused terminal screws on the device.

9. When mounting into metal boxes, remove the fiber or plastic washers used to hold
device-mounting screws in yokes, allowing metal-to-metal contact.

Receptacle Orientation:

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

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

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

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

GFCI RECEPTACLES

Install non-feed-through GFCI receptacles where protection of downstream receptacles is not
required.
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33

34

A.

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

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

Essential Electrical System: Mark receptacles supplied from the essential electrical system to
allow easy identification using a self-adhesive label.

FIELD QUALITY CONTROL
Test Instruments: Use instruments that comply with UL 1436.

Test Instrument for Receptacles: Digital wiring analyzer with digital readout or illuminated
digital-display indicators of measurement.

Tests for Receptacles:

Line Voltage: Acceptable range is 105 to 132 V.

Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
Ground Impedance: Values of up to 2 ohms are acceptable.

GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.

Using the test plug, verify that the device and its outlet box are securely mounted.

Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit
breaker, poor connections, inadequate fault-current path, defective devices, or similar
problems. Correct circuit conditions, remove malfunctioning units and replace with new
ones, and retest as specified above.

AN e

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

Prepare test and inspection reports.

END OF SECTION 262726
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SECTION 265100 - INTERIOR LIGHTING

PART 1 - GENERAL

1.1 GENERAL REQUIREMENTS

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

B.  Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

C.  Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
1.2 SUMMARY
A.  This Section includes the following:
1. Interior lighting fixtures, lamps, and ballasts.
2. Emergency lighting units.
3. Exit signs.

1.3 DEFINITIONS

A.  CRI: Color-rendering index.

B.  CRI: Color Rendering Index.

C.  Fixture: See "Luminaire."

D.  IP: International Protection or Ingress Protection Rating.
E.  LED: Light emitting diode

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

G.  Luminaire: Complete lighting fixture, including ballast housing if provided.

1.4 SUBMITTALS

A.  Product Data: For each type of lighting fixture, arranged in order of fixture designation.
Include data on features, accessories, finishes, and the following:

1. Physical description of lighting fixture including dimensions.
2. Emergency lighting units including battery and charger.
3. Driver.
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1.5

1.6

1.7

4. Energy-efficiency data.

5. Life, output, and energy-efficiency data for LEDs.

6. Photometric data, in IESNA format, based on laboratory tests of each lighting fixture
type, outfitted with drivers or LEDs and accessories identical to those indicated for the
lighting fixture as applied in this Project.

a. For indicated fixtures, photometric data shall be certified by a qualified
independent testing agency. Photometric data for remaining fixtures shall be
certified by the manufacturer.

b. Photometric data shall be certified by a manufacturer's laboratory with a current
accreditation under the National Voluntary Laboratory Accreditation Program
(NVLAP) for Energy Efficient Lighting Products.

Luminaire installation instructions.

Product Certificates: For each type of driver for bi-level and dimmer-controlled fixtures, signed
by product manufacturer.

Qualification Data: For agencies providing photometric data for lighting fixtures.
Field quality-control test reports.

Operation and Maintenance Data: For lighting equipment and fixtures to include in emergency,
operation, and maintenance manuals.

Warranties: Special warranties specified in this Section.

QUALITY ASSURANCE

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.

COORDINATION

Coordinate layout and installation of lighting fixtures and suspension system with other
construction that penetrates ceilings or is supported by them, including HVAC equipment, fire-

suppression system, and partition assemblies.

Provide support structures as required for various fixture installation locations such as under
ductwork or other work that prevents fixture mounting to building structure.

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.
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1.8

1.9

A.

1. LED Fixtures: 1 for each type

WARRANTY

Special Warranty for LED luminaires: Manufacturer’s standard form in which the luminaire

manufacturer agrees to repair or replace any failed components, material, or workmanship

within specified warranty period.

1. Warranty period for LED luminaires: Five (5) years minimum from the date of
substantial completion.

DELIVERY, STORAGE, AND HANDLING

1. Protect finishes of exposed surfaces by applying a strippable, temporary protective
covering before shipping.

PART 2 - PRODUCTS

2.1

2.2

23

A.

A.

A.

B.

MANUFACTURERS

In Luminaire Schedule where titles below are column or row headings that introduce lists, the
following requirements apply to product selection:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
manufacturers specified.
LUMINAIRE REQUIREMENTS

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

Recessed Fixtures: Comply with NEMA LE 4.
Lamp base complying with ANSI C81.61.
CRI of minimum 80. CCT of 3000 K.

Nominal Operating Voltage: 120 V ac.

LIGHTING FIXTURES AND COMPONENTS, GENERAL REQUIREMENTS
Metal Parts: Free of burrs and sharp corners and edges.

Sheet Metal Components: Steel, unless otherwise indicated. Form and support to prevent
warping and sagging.
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2.4

2.5

C.

Doors, Frames, and Other Internal Access: Smooth operating, free of light leakage under
operating conditions, and designed to permit relamping without use of tools. Designed to
prevent doors, frames, lenses, diffusers, and other components from falling accidentally during
relamping and when secured in operating position.

Reflecting surfaces shall have minimum reflectance as follows, unless otherwise indicated:

White Surfaces: 85 percent.

Specular Surfaces: 83 percent.

Diffusing Specular Surfaces: 75 percent.
Laminated Silver Metallized Film: 90 percent.

bl .

Plastic Diffusers, Covers, and Globes:

1. Acrylic Lighting Diffusers: 100 percent virgin acrylic plastic. High resistance to
yellowing and other changes due to aging, exposure to heat, and UV radiation.

a. Lens Thickness: At least 0.125 inch (3.175 mm) minimum unless different
thickness is indicated.
b. UV stabilized.
2. Glass: Annealed crystal glass, unless otherwise indicated.

LED SYSTEMS

The LED array module or LED board and all its components shall be subject to mechanical
stress.

Assembly shall not be put together in such a way as to damage or destroy conducting paths of
the LED circuit board.

Installation of LED modules and all its components that are required for operation, including
power supplies shall comply with all applicable electrical safety standards.

Electrical polarity shall be clearly identified, or the connectors shall be designed in a way that
polarity can’t be reversed when the modules are electrically plugged in.

LED modules shall be installed in specifically designed housing or be tested in a housing that
has the proper thermal heat sinking properties to support LED array installation.

LED circuit board shall be protected by a coating against moisture and dust. The coating shall
be factory applied,

The LED array module shall be operated with an electronically stabilized power supply offering
protection from short circuits, overload, and overheating.

EXIT SIGNS

Description: Comply with UL 924; for sign colors, visibility, luminance, and lettering size,
comply with authorities having jurisdiction.
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2.6

2.7

Internally Lighted Signs:
1. Lamps for AC Operation: LEDs, 70,000 hours minimum rated lamp life.

2. Self-Powered Exit Signs (Battery Type): Integral automatic charger in a self-contained

power pack.

a Battery: Sealed, maintenance-free, nickel-cadmium type.

b. Charger: Fully automatic, solid-state type with sealed transfer relay.

c. Operation: Relay automatically energizes lamp from battery when circuit voltage

drops to 80 percent of nominal voltage or below. When normal voltage is restored,
relay disconnects lamps from battery, and battery is automatically recharged and
floated on charger.

d. Test Push Button: Push-to-test type, in unit housing, simulates loss of normal
power and demonstrates unit operability.
e. LED Indicator Light: Indicates normal power on. Normal glow indicates trickle

charge; bright glow indicates charging at end of discharge cycle.
EMERGENCY LIGHTING UNITS

Description: Self-contained units complying with UL 924,

1. Battery: Sealed, maintenance-free, lead-acid type.
2. Charger: Fully automatic, solid-state type with sealed transfer relay.
3. Operation: Relay automatically turns lamp on when power supply circuit voltage drops

to 80 percent of nominal voltage or below. Lamp automatically disconnects from battery
when voltage approaches deep-discharge level. When normal voltage is restored, relay
disconnects lamps from battery, and battery is automatically recharged and floated on

charger.

4. Test Push Button: Push-to-test type, in unit housing, simulates loss of normal power and
demonstrates unit operability.

5. LED Indicator Light: Indicates normal power on. Normal glow indicates trickle charge;

bright glow indicates charging at end of discharge cycle.
LIGHTING FIXTURE SUPPORT COMPONENTS

Comply with Division 26 Section "Hangers and Supports for Electrical Systems" for channel-
and angle-iron supports and nonmetallic channel and angle supports.

Single-Stem Hangers: 1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling
canopy. Finish same as fixture.

Twin-Stem Hangers: Two, 1/2-inch (13-mm) steel tubes with single canopy designed to mount
a single fixture. Finish same as fixture.

Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm).
Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod.

Hook Hangers: Integrated assembly matched to fixture and line voltage and equipped with
threaded attachment, cord, and locking-type plug.
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PART 3 - EXECUTION

3.1

32

33

34

A.

EXAMINATION

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

Examine roughing-in for luminaire to verify actual locations of luminaire and electrical

connections before fixture installation. Proceed with installation only after unsatisfactory
conditions have been corrected.

INSTALLATION
Comply with NECA 1.

Install luminaires level, plumb, and square with ceilings and walls unless otherwise indicated.

Supports:

1. Sized and rated for luminaire weight.

2. Able to maintain luminaire position after cleaning and maintenance.

3. Provide support for luminaire without causing deflection of ceiling or wall.

4. Luminaire mounting devices shall be capable of supporting a horizontal force of 100

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

Flush-Mounted Luminaire Support:

1. Secured to outlet box.

2. Attached to ceiling structural members at four points equally spaced around
circumference of luminaire.

3. Trim ring flush with finished surface.

Wall-Mounted Luminaire Support:

1. Attached to structural members in walls.
2. Do not attach luminaires directly to gypsum board.
IDENTIFICATION

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

FIELD QUALITY CONTROL

Perform the following tests and inspections:

1. Operational Test: After installing luminaires, switches, and accessories, and after
electrical circuitry has been energized, test units to confirm proper operation.
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2. Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation.
Verify transfer from normal power to battery power and retransfer to normal.

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

C.  Test for Emergency Lighting: Interrupt power supply to demonstrate proper operation. Verify
transfer from normal power to battery and retransfer to normal.

D.  Prepare test and inspection reports.

END OF SECTION 265100
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SECTION 265600 — EXTERIOR LIGHTING

PART 1 - GENERAL

1.1

1.2

1.3

A.

w

o O

m

GENERAL REQUIREMENTS

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

Examine all other Sections of the Specifications for requirements that affect work under this
Section whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.

SUMMARY

Section Includes:

1. Exterior luminaires with lamps and ballasts.
2. Luminaire-mounted photoelectric relays.
3. Poles and accessories.

Related Sections:

1. Section 265100 "Interior Lighting" for exterior luminaires normally mounted on exterior
surfaces of buildings.

DEFINITIONS

CCT: Correlated color temperature.

CRI: Color-rendering index.

HID: High-intensity discharge.

LED: Light emitting diode.

LER: Luminaire efficacy rating.

Luminaire: Complete lighting fixture, including ballast housing if provided.

Pole: Luminaire support structure, including tower used for large area illumination.

Standard: Same definition as "Pole" above.
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1.4 SUBMITTALS

A.  Product Data: For each luminaire, pole, and support component, arranged in order of lighting
unit designation. Include data on features, accessories, finishes, and the following:

1. Physical description of luminaire, including materials, dimensions, effective projected
area, and verification of indicated parameters.

2. Details of attaching luminaires and accessories.

3. Details of installation and construction.

4. Luminaire materials.

5. Photometric data based on laboratory tests of each luminaire type, complete with
indicated lamps, ballasts, and accessories.

6. Retain one of first two subparagraphs below. Retain "Testing Agency Certified Data"
Subparagraph if photometric data for one or more luminaires are based on independent
laboratory tests; coordinate with the Exterior Lighting Device Schedule on Drawings to
indicate which units are required to meet this requirement. Retain "Manufacturer
Certified Data" Subparagraph if photometric data based on testing by accredited
manufacturers' laboratories are considered adequate for all exterior luminaires in this
Project. See Evaluations.

7. Photoelectric relays.

8. Ballasts, including energy-efficiency data.

9. Lamps, including life, output, CCT, CRI, lumens, and energy-efficiency data.

10.  Materials, dimensions, and finishes of poles.

11.  Means of attaching luminaires to supports, and indication that attachment is suitable for
components involved.

12.  Anchor bolts for poles.

13.  Manufactured pole foundations.

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

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

2. Anchor-bolt templates keyed to specific poles and certified by manufacturer.

3. Design calculations, certified by a qualified professional engineer, indicating strength of
screw foundations and soil conditions on which they are based.

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

C. Samples: For products designated for sample submission in the Exterior Lighting Device

Schedule. Each Sample shall include lamps and ballasts.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A.  Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.
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1.6

A.

D.

1.7

A.

B.

C.

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

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

QUALITY ASSURANCE

Luminaire Photometric Data Testing Laboratory Qualifications: Provided by manufacturers'
laboratories that are accredited under the National Volunteer Laboratory Accreditation Program
for Energy Efficient Lighting Products.

Luminaire Photometric Data Testing Laboratory Qualifications: Provided by an independent
agency, with the experience and capability to conduct the testing indicated, that is an NRTL as

defined by OSHA in 29 CFR 1910.

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

Comply with IEEE C2, "National Electrical Safety Code."

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING
Package aluminum poles for shipping according to ASTM B 660.

Store poles on decay-resistant-treated skids at least 12 inches (300 mm) above grade and
vegetation. Support poles to prevent distortion and arrange to provide free air circulation.

Retain factory-applied pole wrappings on metal poles until right before pole installation. For
poles with nonmetallic finishes, handle with web fabric straps.

PART 2 - PRODUCTS

2.1

A.

2.2

A.

MANUFACTURERS

Products:  Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, product(s) indicated on Drawings.
GENERAL REQUIREMENTS FOR LUMINAIRES

Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet
locations by an NRTL acceptable to authorities having jurisdiction.

1. LER Tests HID Fixtures: Where LER is specified, test according to NEMA LE 5B.
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B.

Lateral Light Distribution Patterns: Comply with IESNA RP-8 for parameters of lateral light
distribution patterns indicated for luminaires.

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

Sheet Metal Components: Corrosion-resistant aluminum unless otherwise indicated. Form and
support to prevent warping and sagging.

Housings: Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or
deform in use. Provide filter/breather for enclosed luminaires.

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

Exposed Hardware Material: Stainless steel.

Plastic Parts: High resistance to yellowing and other changes due to aging, exposure to heat,
and UV radiation.

Light Shields: Metal baffles, factory installed and field adjustable, arranged to block light
distribution to indicated portion of normally illuminated area or field.

Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:

1. White Surfaces: 85 percent.
2. Specular Surfaces: 83 percent.
3. Diffusing Specular Surfaces: 75 percent.

Lenses and Refractors Gaskets: Use heat- and aging-resistant resilient gaskets to seal and
cushion lenses and refractors in luminaire doors.

Luminaire Finish: Manufacturer's standard paint applied to factory-assembled and -tested
luminaire before shipping. Where indicated, match finish process and color of pole or support
materials.

Factory-Applied Finish for Steel Luminaires: Comply with NAAMM's "Metal Finishes Manual
for Architectural and Metal Products" for recommendations for applying and designating
finishes.

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to
remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind
welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if
present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White Metal
Blast Cleaning," or SSPC-SP &, "Pickling."

2. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of
primer and two finish coats of high-gloss, high-build polyurethane enamel.

a. Color: As selected from manufacturer's standard catalog of colors.
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b. Color: Match Architect's sample of [manufacturer's standard] [custom] color.
c. Color: As selected by Architect from manufacturer's full range.

Factory-Applied Finish for Aluminum Luminaires: Comply with NAAMM's "Metal Finishes
Manual for Architectural and Metal Products" for recommendations for applying and
designating finishes.

1. Finish designations prefixed by AA comply with the system established by the
Aluminum Association for designating aluminum finishes.

2. Natural Satin Finish: Provide fine, directional, medium satin polish (AA-M32); buff
complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax.

3. Class I, Clear Anodic Finish: AA-M32C22A41 (Mechanical Finish: medium satin;
Chemical Finish: etched, medium matte; Anodic Coating: Architectural Class I, clear
coating 0.018 mm or thicker) complying with AAMA 611.

4. Class I, Color Anodic Finish: AA-M32C22A42/A44 (Mechanical Finish: medium satin;
Chemical Finish: etched, medium matte; Anodic Coating: Architectural Class I,
integrally colored or electrolytically deposited color coating 0.018 mm or thicker)
complying with AAMA 611.

LUMINAIRE-MOUNTED PHOTOELECTRIC RELAYS
Comply with UL 773 or UL 773A.

Contact Relays: Factory mounted, single throw, designed to fail in the on position, and factory
set to turn light unit on at 1.5 to 3 fc and off at 4.5 to 10 fc with 15-second minimum time delay.

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

LED FIXTURES

Requirements for LED Fixtures

1. Minimal Characteristics
a. CRI: 80
b. Lamp Life: 100,000 hrs
c. Correlated Color Temperature: 4000K, unless otherwise indicated on the

Luminaire Schedule.
2. LED fixtures, lamps, and drivers shall meet the following standards.

a. IES LM-79-2008, Approved Method for the Electrical and Photometric Testing of
Solid-State Lighting Devices

b. IES LM-80-2008, Approved Method for Measuring Lumen Depreciation of LED
Light Sources

c. IES TM-21-2011, Projecting Long Term Lumen Maintenance of LED Light
Sources

d. NEMA SSL 1-2010, Electronic Drivers for LED Devices, Arrays, or Systems
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e. NEMA SSL 4-2012, Retrofit Lamps: Minimum Performance Requirements

f. NEMA SSL 6-2010, Solid State Lighting for Incandescent Replacement—
Dimming

g. ANSI/NEMA/ANSLG C78.377. Specifications for the Chromaticity of Solid State
Lighting Products

3. Outdoor applications: Luminaires shall comply with UL 1598 and be listed and labeled
for installation in wet locations by an NRTL acceptable to authorities having jurisdiction.

4. Lateral Light Distribution Patterns: Comply with IESNA RP-8 for parameters of lateral
light distribution patterns indicated for luminaires

GENERAL REQUIREMENTS FOR POLES AND SUPPORT COMPONENTS
Structural Characteristics: Comply with AASHTO LTS-4-M.

1. Wind-Load Strength of Poles: Adequate at indicated heights above grade without failure,
permanent deflection, or whipping in steady winds of speed indicated in "Structural
Analysis Criteria for Pole Selection" Article.

2. Strength Analysis: For each pole, multiply the actual equivalent projected area of
luminaires and brackets by a factor of 1.1 to obtain the equivalent projected area to be
used in pole selection strength analysis.

Luminaire Attachment Provisions:  Comply with Iuminaire manufacturers'’ mounting
requirements. Use stainless-steel fasteners and mounting bolts unless otherwise indicated.

Mountings, Fasteners, and Appurtenances: Corrosion-resistant items compatible with support
components.

1. Materials: Shall not cause galvanic action at contact points.

2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers: Hot-dip galvanized after
fabrication unless otherwise indicated.

3. Anchor-Bolt Template: Plywood or steel.

Concrete Pole Foundations: Cast in place, with anchor bolts to match pole-base flange.
Concrete, reinforcement, and formwork are specified in Section 033000 "Cast-in-Place
Concrete."

ALUMINUM POLES

Source Limitations: Obtain poles from single manufacturer or producer compatible with the
luminaire.

Source Limitations: For poles, obtain each color, grade, finish, type, and variety of pole from
single source with resources to provide products of consistent quality in appearance and
physical properties.

1. Shape: Tapered, flutted, decorative.
2. Mounting Provisions: Butt flange for bolted mounting on foundation or breakaway
support.
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3. Provide with decorative flared base cover.
Brackets for Luminaires: Detachable, cantilever, without underbrace.

L. Adaptor fitting welded to pole, allowing the bracket to be bolted to the pole-mounted
adapter, then bolted together with stainless-steel bolts.

2. Cross Section: Tapered oval, with straight tubular end section to accommodate luminaire.
Match pole material and finish.

Pole-Top Tenons: Fabricated to support luminaire or luminaires and brackets indicated, and
securely fastened to pole top.

Grounding and Bonding Lugs: Welded 1/2-inch (13-mm) threaded lug, complying with
requirements in Section 260526 "Grounding and Bonding for Electrical Systems," listed for
attaching grounding and bonding conductors of type and size indicated, and accessible through
handhole.

Handhole: Oval shaped, with minimum clear opening of 2-1/2 by 5 inches with cover secured
by stainless-steel captive screws.

Vibration Dampers: Provide factory installed or field installed integral vibration dampers.
Dampers shall be integral or concealed on the interior of the pole. First mode and/or second
mode dampers shall be provided as recommended by the manufacturer for the application.

Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting.

Factory-Painted Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and
Metal Products" recommendations for applying and designating finishes.

1. Surface Preparation: Clean surfaces according to SSPC-SP 1 to remove dirt, oil, grease,
and other contaminants that could impair paint bond. Grind welds and polish surfaces to a
smooth, even finish. Remove mill scale and rust, if present, from uncoated steel,
according to SSPC-SP 5/NACE No. 1 or SSPC-SP 8.

2. Interior Surfaces of Pole: One coat of bituminous paint, or otherwise treat for equal
corrosion protection.
3. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of

primer and two finish coats of high gloss, high-build polyurethane enamel.
STEEL POLES

Poles: Comply with ASTM A 500, Grade B, carbon steel with a minimum yield of 46,000 psig
(317 MPa); one-piece construction up to 40 feet (12 m) in height with access handhole in pole
wall.

Brackets for Luminaires: Detachable, cantilever, without underbrace.

1. Adapter fitting welded to pole, allowing the bracket to be bolted to the pole mounted
adapter, then bolted together with stainless-steel bolts.

2. Cross Section: Tapered oval, with straight tubular end section to accommodate
luminaire.

3. Match pole material and finish.
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A.

Pole-Top Tenons: Fabricated to support luminaire or luminaires and brackets indicated, and
securely fastened to pole top.

Grounding and Bonding Lugs: Welded 1/2-inch (13-mm) threaded lug, complying with
requirements in Section 260526 "Grounding and Bonding for Electrical Systems," listed for
attaching grounding and bonding conductors of type and size listed in that Section, and
accessible through handhole.

Vibration Dampers: Provide factory installed or field installed integral vibration dampers.
Dampers shall be integral or concealed on the interior of the pole. First mode and/or second
mode dampers shall be provided as recommended by the manufacturer for the application.

Prime-Coat Finish: Manufacturer's standard prime-coat finish ready for field painting.
Galvanized Finish: After fabrication, hot-dip galvanize complying with ASTM A 123/A 123M.

Factory-Painted Finish: Comply with NAAMM's "Metal Finishes Manual for Architectural and
Metal Products" for recommendations for applying and designating finishes.

1. Surface Preparation: Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to
remove dirt, oil, grease, and other contaminants that could impair paint bond. Grind
welds and polish surfaces to a smooth, even finish. Remove mill scale and rust, if
present, from uncoated steel, complying with SSPC-SP 5/NACE No. 1, "White Metal
Blast Cleaning," or with SSPC-SP 8, "Pickling."

2. Interior Surfaces of Pole: One coat of bituminous paint, or otherwise treat for equal
corrosion protection.
3. Exterior Surfaces: Manufacturer's standard finish consisting of one or more coats of

primer and two finish coats of high-gloss, high-build polyurethane enamel.

GENERAL FINISH REQUIREMENTS

Protect mechanical finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.

PART 3 - EXECUTION

3.1

A.

B.

LUMINAIRE INSTALLATION
Install lamps in each luminaire.
Fasten luminaire to indicated structural supports.

1. Use fastening methods and materials selected to resist seismic forces defined for the
application and approved by manufacturer.
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3.5

3.6

A.

POLE INSTALLATION

Alignment: Align pole foundations and poles for optimum directional alignment of luminaires
and their mounting provisions on the pole.

Concrete Pole Foundations: Set anchor bolts according to anchor-bolt templates furnished by
pole manufacturer. Concrete materials, installation, and finishing requirements are specified in
Section 033000 "Cast-in-Place Concrete."

Foundation-Mounted Poles: Mount pole with leveling nuts, and tighten top nuts to torque level
recommended by pole manufacturer.

1. Use anchor bolts and nuts selected to resist seismic forces defined for the application and
approved by manufacturer.

2. Grout void between pole base and foundation. Use non-shrink or expanding concrete
grout firmly packed to fill space.

3. Install base covers unless otherwise indicated.

4. Use a short piece of 1/2-inch- (13-mm-) diameter pipe to make a drain hole through
grout. Arrange to drain condensation from interior of pole.

BOLLARD LUMINAIRE INSTALLATION

Align units for optimum directional alignment of light distribution.

Install on concrete base above finished grade or surface at bollard location. Cast conduit into
base, and shape base to match shape of bollard base. Finish by troweling and rubbing smooth.
Concrete materials, installation, and finishing are specified in Section 033000 "Cast-in-Place
Concrete."

INSTALLATION OF INDIVIDUAL GROUND-MOUNTING LUMINAIRES

Install on concrete base with top at grade.

GROUNDING

Ground metal poles and support structures according to Section 260526 "Grounding and
Bonding for Electrical Systems."

1. Install grounding electrode for each pole unless otherwise indicated.

2. Install grounding conductor pigtail in the base for connecting luminaire to grounding
system.

FIELD QUALITY CONTROL

Inspect each installed fixture for damage. Replace damaged fixtures and components.

[lumination Observations: Verify normal operation of lighting units after installing luminaires
and energizing circuits with normal power source.
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1. Verify operation of photoelectric controls.
C.  Illumination Tests:

1. Measure light intensities at night. Use photometers with calibration referenced to NIST
standards. Comply with the following IESNA testing guide(s):

a. IESNA LM-5, "Photometric Measurements of Area and Sports Lighting
Installations."

IESNA LM-50, "Photometric Measurements of Roadway Lighting Installations."
IESNA LM-52, "Photometric Measurements of Roadway Sign Installations."
IESNA LM-64, "Photometric Measurements of Parking Areas."

IESNA LM-72, "Directional Positioning of Photometric Data."

opo o

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

END OF SECTION 265600
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