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SECTION 260500 — GENERAL ELECTRICAL REQUIREMENTS

PART 1 — GENERAL

1.1 SUMMARY

A. The General and Supplementary Conditions are a part of the requirements for the
work under this Division of the Specifications.

1.2 WORK INCLUDED

A. Provide labor and materials required to install, test and place into operation the
electrical systems as called for in the Contract Documents, and in accordance
with applicable codes and regulations.

B. Provide labor, materials, and accessories required to provide complete, operating
electrical systems. Labor, materials or accessories not specifically called for in the
Contract Documents, but required to provide complete, operating electrical
systems shall be provided without additional cost to the Owner.

1.3 QUALITY ASSURANCE

A. Comply with the current applicable codes, ordinances, and regulations of the
Authority or Authorities Having Jurisdiction, the rules, regulations and
requirements of the utility companies serving the project, and the Owner's
insurance underwriter.

B. Drawings, specifications, codes and standards are minimum requirements.
Where requirements differ, the most stringent apply.

C. Should any change in drawings or specifications be required to comply with
governing regulations, notify the Engineer prior to submitting bid.

D. All electrical equipment, materials, devices and installations shall meet or exceed
minimum requirements of ADA, ANSI, ASTM, IEEE, IES, NEC, NEMA, NETA, NFPA,
OSHA, SMACNA, UL, and the State Fire Marshal.

E. Execute work in strict accordance with the best practices of the trades in a
thorough, substantial, workperson-like manner by competent workpeople.
Provide a competent, experienced, full-time Superintendent who is authorized to
make decisions on behalf of the Contractor.
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F. Equipment shall be certified for use in the state of New York and shall meet the
New York State energy code.

1.4 ABBREVIATIONS AND DEFINITIONS

A. Abbreviations:

1. ADA Americans with Disabilities Act

2. ANSI American National Standards Institute

3. ASA Acoustical Society of America

4. ASTM American Society for Testing and Materials

5. BIL Basic Impulse Level

6. CBM Certified Ballast Manufacturers

7. ECC Engineer’s Control Center

8. EIA Electronic Industries Alliance

9. ETL Electrical Testing Laboratories, Inc.

10. FCC Fire Control Center

11. FM Factory Mutual

12. IEEE Institute of Electrical and Electronic Engineers

13. IES [lluminating Engineering Society

14. IPCEA International Power Cable Engineers Association

15. LED Light Emitting Diode

16. NEC National Electric Code

17. NEMA National Electrical Manufacturers Association

18. NETA National Electrical Testing Association

19. NFPA National Fire Protection Association

20. OEM Original Equipment Manufacturer

21. OSHA Occupational Safety and Health Administration

22. SCC Security Control Center

23. SMACNA Sheet Metal and Air Conditioning Contractors

National Association
24. TIA Telecommunications Industry Association
25. UL Underwriters Laboratories Inc.
B. Definitions:

1. Where it is stated in these specifications to submit to Engineer for review,
refer to Architectural General and Supplementary Conditions for proper
procedures.

2. FURNISH means to supply all materials, labor, equipment, testing

apparatus, controls, tests, accessories and all other items customarily
required for the proper and complete application.
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3. INSTALL means to join, unite, fasten, link, attach, set up or otherwise
connect together before testing and turning over to Owner, complete and
ready for regular operation.

4. PROVIDE means to FURNISH and INSTALL.

5. AS DIRECTED means as directed by the Engineer, or the Engineer's
Representative.

6. CONCEALED means embedded in masonry or other construction, installed
behind wall furring or within drywall partitions, or installed within hung
ceilings.

7. SUBMIT means submit to Engineer for review.

1.5 GUARANTEE

A.

Submit a single guarantee stating that the work is in accordance with the
Contract Documents. Guarantee work against faulty and improper material and
workmanship for a period of one year from the date of final acceptance by the
Owner, except that where guarantees or warranties for longer terms are provided
or specified herein, the longer term shall apply. Manufacturer’s
warranty/guarantee on equipment shall be begin at time of equipment startup
not upon receipt of equipment. Correct any deficiencies, which occur during the
guarantee period, within 24 hours of notification, without additional cost to the
Owner, to the satisfaction of the Owner. Obtain similar guarantees from
subcontractors, manufacturers, suppliers and subtrade specialists.

1.6 USE OF THE ARCHITECT'S AND ENGINEER'S DRAWINGS

A.

The Contractor shall obtain, at the Contractor’'s expense, from the Architect or
Engineer a set of AutoCAD or compatible format architectural and engineering
drawings on electronic media where desired by the Contractor and/or required
by the Specifications for use in preparing the shop drawings, coordination
drawings, and record drawings. The Contractor shall provide to the Architect and
Engineer a written release of liability acceptable to the Architect and Engineer
prior to receiving the electronic media.

PART 2 — PRODUCTS

2.1 EQUIPMENT AND MATERIALS

A.

Provide products and materials that are new, clean, free of defects, and free of
damage and corrosion.
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B. Products and materials shall not contain asbestos, PCB, or any other material that
is considered hazardous by the Environmental Protection Agency or any other
Authority Having Jurisdiction.

C. Replace materials of less than specified quality and relocate work incorrectly
installed as directed by the Architect or Engineer at no additional cost to the
Owner.

D. Provide name/data plates on major components of equipment with

manufacturer's name, model number, serial number, capacity data and electrical
characteristics attached in a conspicuous place.

E. Install materials and equipment with qualified trades people.

F. Maintain uniformity of manufacturer for equipment used in similar applications
and sizes.

G. Fully lubricate equipment where required.

H. Follow manufacturer's instructions for installing, connecting, and adjusting
equipment. Provide a copy of such instructions at the equipment during
installation.

L. Where factory testing of equipment is required to ascertain performance, and

attendance by the Owner’'s Representative is required to witness such tests,
associated travel costs and subsistence shall be paid for by the Contractor.

J. Equipment capacities, ratings, etc, are scheduled or specified for job site
operating conditions. Equipment sensitive to altitude shall be derated with the
method of derating identified on the submittals.

K. Enclosures for electrical equipment installed in mechanical and electrical
equipment rooms shall be NEMA type 1 gasketed. Enclosures for electrical
equipment installed outdoors shall be NEMA type 3R.

L. Energy consuming equipment shall be certified for use in the state of New York
and shall meet the New York State Energy Code and local energy ordinances.

22 SUBSTITUTIONS

A. Contract Documents are based on equipment manufacturers as called out in the
Specifications and indicated on the Drawings. Acceptance of substitute
equipment manufacturers does not relieve Contractor of the responsibility to
provide equipment and materials, which meet the performance as, stated or
implied in the Contract Documents.
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Submit proposals to provide substitute materials or equipment, in writing, with
sufficient lead time for review prior to the date equipment must be ordered to
maintain project schedule. Reimburse Owner for costs associated with the review
of the proposed substitution whether substitution is accepted or rejected.

Indicate revisions required to adapt substitutions including revisions by other
trades. Substitutions that increase the cost of the work and related trades are not
permitted.

The proposed substitution shall conform to the size, ratings, and operating
characteristics of the equipment or systems as specified and shown on the
Drawings.

Proposals for substitutions shall include the following information:

1. A description of the difference between the Contract Document
requirements and that of the substitution, the comparative features of
each, and the effect of the change on the end result performance. Include
the impact of all changes on other contractors and acknowledge the
inclusion of additional costs to the other trades.

2. Schematic drawings and details.

3. List of revisions to the Contract Documents that must be made if the
substitution is accepted.

4. Estimate of costs the Owner may incur in implementing the substitution,
such as test, evaluation, operating and support costs.

5. Statement of the time by which a Contract modification accepting the

substitution must be issued, noting any effect on the Contract completion
time or the delivery schedule.

6. A statement indicating the reduction to the Contract price if the Owner
accepts the substitution. Include required modifications to all related
trades.

PART 3 — EXECUTION

3.1

FEES AND PERMITS

A.

Pay all required fees and obtain all required permits related to the electrical
installation.

Pay royalties or fees in connection with the use of patented devices and systems.

Provide controlled inspection where required by Authorities Having Jurisdiction
or by these specifications.
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32 SUBMITTALS AND REVIEWS

A.

Submit shop drawings, manufacturer’'s product data sheets, samples, and test
reports as specified.

After execution of Owner/Contractor Agreement, submit a complete typed list of
all electrical equipment manufacturers and material suppliers for the equipment
proposed to be provided on this project, as well as names of all subcontractors.

After execution of Owner/Contractor Agreement, prepare an index of all
submittals for the project. Include a submittal identification number, a cross-
reference to the Specification sections or Drawing number, and an item
description.  Prefix the submittal identification number by the Specification
sections to which they apply. Indicate on each submittal, the submittal
identification number in addition to the other data specified. All subcontractors
shall utilize the assigned submittal identification number.

After the Contract is awarded, obtain complete shop drawings, product data and
samples from the manufacturers, suppliers, vendors, and all subcontractors, for all
materials and equipment as specified. Submit data and details of such materials
and equipment for review. Prior to submission, certify that the shop drawings,
product data and samples are in compliance with the Contract Documents.
Check all materials and equipment upon their arrival on the job site and verify
their compliance with the Contract Documents. Modify any work, which
proceeds prior to receiving accepted shop drawings as required to comply with
the Contract Documents and the shop drawings.

Review of submittals is for general compliance with the design concept and
Contract Documents. Comments or absence of comments shall not relieve the
Contractor from compliance with the Contract Documents. The Contractor
remains solely responsible for details and accuracy, for confirming and
correlating all quantities and dimensions, for selecting fabrication processes, for
techniques of construction, for performing the work in a safe manner, and for
coordinating the work with that of other trades.

No part of the work shall be started in the shop or in the field until the shop
drawings and samples for that portion of the work have been submitted and
accepted.

A minimum period of ten working days, exclusive of transmittal time, will be
required in the Engineer’s office each time a shop drawing, product data and/or
samples are submitted for review. This time period must be considered by the
Contractor in the scheduling of the work.
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Submit electronic copies, preferably in PDF format, of all items requiring shop
drawings.

Submit materials and equipment by manufacturer, trade name, and model
number. Include copies of applicable brochure or catalog material. Maintenance
and operating manuals are not acceptable substitutes for shop drawings.

Identify each sheet of printed submittal pages (using arrows, underlining or
circling) to show applicable sizes, types, model numbers, ratings, capacities and
options actually being proposed. Cross out non-applicable information. Note
specified features such as materials or paint finishes.

Include dimensional data for roughing in and installation and technical data
sufficient to verify that equipment meets the requirements of the Contract
Documents. Include wiring, piping and service connection data.

Maintain a complete set of reviewed and stamped shop drawings and product
data on site.

For each room or area of the building containing electrical equipment, submit the
following:

1. Floor Plans: Plan and elevation layout drawings indicating the equipment
in the exact location in which it is intended to be installed. These plans
shall be of a scale not less than 1/4 inch to 1 foot. They shall be prepared
in the following manner:

a. Indicate the physical boundaries of the space including door
swings and ceiling heights and ceiling types (as applicable).
b. [llustrate all electrical equipment proposed to be contained

therein. Include top and bottom elevations of all electrical
equipment.  The Drawings shall be prepared utilizing the
dimensions contained in the individual equipment submittals.
Indicate code and manufacturer’s required clearances.

C. [llustrate all other equipment therein such as conduits, detectors,
luminaries, ducts, registers, pull boxes, wireways, structural
elements, etc.

d. Indicate the operating weight of each piece of equipment.

e. Indicate the heat release from each piece of electrical equipment
in terms of BTU per hour. This information shall be that which is
supplied by the respective manufacturers.

[llustrate concrete pads, curbs, etc.

g. Indicate dimensions to confirm compliance with code-required

clearances.
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h. Indicate maximum normal allowable operating temperature for
each piece of equipment (as per each respective manufacturer’'s
recommendation).

i. Equipment removal routes.

The work described in shop drawing submissions shall be carefully checked by all
trades for clearances (including those required for maintenance and servicing),
field conditions, maintenance of architectural conditions and coordination with
other trades on the job. Each submitted shop drawing shall include a certification
that related job conditions have been checked by the Contractor and each
Subcontractor and that conflicts do not exist.

The Contractor is not relieved of the responsibility for dimensions or errors that
may be contained on submissions, or for deviations from the requirements of the
Contract Documents. The noting of some errors but overlooking others does not
grant the Contractor permission to proceed in error. Regardless of any
information contained in the shop drawings, product data and samples, the
Contract Documents govern the work and are neither waived nor superceded in
any way by the review of shop drawings, product data and samples.

Inadequate or incomplete shop drawings, product data and/or samples will not
be reviewed and will be returned to the Contractor for resubmittal.

33 COORDINATION OF WORK

A.

The Contract Documents establish scope, materials and quality but are not
detailed installation instructions. Drawings are diagrammatic.

Coordinate work with related trades and furnish, in writing, any information
necessary to permit the work of related trades to be installed satisfactorily and
with the least possible conflict or delay.

The electrical drawings show the general arrangement of equipment and
appurtenances. Follow these drawings as closely as the actual construction and
the work of other trades will permit. Provide offsets, fittings, and accessories,
which may be required but not shown on the Drawings. Investigate the site, and
review drawings of other trades to determine conditions affecting the work, and
provide such work and accessories as may be required to accommodate such
conditions.

The locations of lighting fixtures, outlets, panels and other equipment indicated
on the Drawings are approximately correct, but they are understood to be subject
to such revision as may be found necessary or desirable at the time the work is
installed in consequence of increase or reduction of the number of outlets, or in
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order to meet field conditions, or to coordinate with modular requirements of
ceilings, or to simplify the work, or for other legitimate causes.

Exercise particular caution with reference to the location of panels, outlets,
switches, etc., and have precise and definite locations accepted by the Engineer
before proceeding with the installation.

The Drawings show only the general run of raceways and approximate locations
of outlets. Any significant changes in location of outlets, cabinets, etc., necessary
in order to meet field conditions shall be brought to the immediate attention of
the Engineer for review before such alterations are made. Modifications shall be
made at no additional cost to the Owner.

Verify with the Architect the exact location and mounting height of outlets and
equipment not dimensionally located on the Drawings prior to installation.

Circuit tags in the form of numbers are used where shown to indicate the circuit
designation numbers in electrical panels. Show the actual circuit numbers on the
as-built Record Drawings and on the associated typed panelboard directory card.
Where circuiting is not indicated, provide required circuiting in accordance with
the loading indicated on the Drawings and/or as directed.

The Drawings generally do not indicate the number of wires in conduit for the
branch circuit wiring of fixtures and outlets, or the actual circuiting. Provide the
correct wire size and quantity as required by the indicated circuiting and/or
circuit numbers indicated, the control intent, referenced wiring diagrams (if any),
the specified voltage drop or maximum distance limitations, and the applicable
requirements of the NEC.

Carefully check space requirements with other trades to ensure that equipment
can be installed in the spaces allotted.

Wherever work interconnects with work of other trades, coordinate with other
trades to ensure that they have the information necessary so that they may
properly install the necessary connections and equipment. Identify items (remote
ballast, pull boxes, etc.) requiring access in order that the ceiling trade will know
where to install access doors and panels.

Consult with other trades regarding equipment so that, wherever possible, motor
controls and distribution equipment are of the same manufacturer.

Furnish and set sleeves for passage of electrical risers through structural masonry
and concrete walls and floors and elsewhere as required for the proper
protection of each electrical riser passing through building surfaces.
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Provide firestopping around all pipes, conduits, ducts, sleeves, etc. which pass
through rated walls, partitions and floors.

Provide detailed information on openings and holes required in precast members
for electrical work.

Provide required supports and hangers for conduit and equipment, designed so
as not to exceed allowable loadings of structures.

Examine and compare the Contract Documents with the drawings and
specifications of other trades, and report any discrepancies between them to the
Engineer and obtain written instructions for changes necessary in the work.
Install and coordinate the work in cooperation with other related trades. Before
installation, make proper provisions to avoid interferences.

Wherever the work is of sufficient complexity, prepare additional detail drawings
to scale to coordinate the work with the work of other trades. Detailed work shall
be clearly identified on the Drawings as to the area to which it applies. Submit
these drawings to the Engineer for review. At completion include a set of these
drawings with each set of Record Drawings.

Furnish services of an experienced Superintendent, who shall be in constant
charge of all work, and who shall coordinate work with the work of other trades.
No work shall be installed before coordinating with other trades.

Coordinate with the local electric utility company and the local
telecommunications company as to their requirements for service connections
and provide all necessary metering provisions, grounding, materials, equipment,
labor, testing, and appurtenances.

Before commencing work, examine adjoining work on which this work is in any
way affected and report conditions, which prevent performance of the work.
Become thoroughly familiar with actual existing conditions to which connections
must be made or which must be changed or altered.

Adjust location of conduits, panels, equipment, etc., to accommodate the work to
prevent interferences, both anticipated and encountered. Determine the exact
route and location of each conduit prior to fabrication.

1. Right-of-Way: Lines which pitch have the right-of-way over those which
do not pitch. For example: condensate, steam, and plumbing drains
normally have right-of-way. Lines whose elevations cannot be changed
have right-of-way over lines whose elevations can be changed.

2. Provide offsets, transitions and changes in direction of conduit as required
to maintain proper headroom and pitch on sloping lines.
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In cases of doubt as to the work intended, or in the event of need for
explanation, request supplementary instructions from the Engineer.

3.4 CONTRACTOR'S COORDINATION DRAWINGS

A.

The Contractor shall coordinate efforts of all trades and shall furnish (in writing,
with copies to the Engineer) any information necessary to permit the work of all
trades to be installed satisfactorily and with the least possible interference or
delay.

The Contractor and all trade contractors shall prepare a complete set of
construction Coordination Drawings indicating the equipment actually purchased
and the exact routing for all lines such as busway, conduit, piping, ductwork, etc.,
including conduit embedded in concrete floors and walls. The Coordination
Drawings shall be submitted complete to the Architect and the Engineer, within
three months after notice to proceed is given, and in compliance with the
construction schedule for the project. The sheet metal drawings, at a scale of not
less than 1/4 inch to 1 foot, shall serve as the base drawings to which all other
Contractors shall add their work. Each separate trade contractor shall draw their
work on separate layers with different color assignments to facilitate
coordination. Each Coordination Drawing shall be completed and signed off by
the other Trade Contractors and the Contractor prior to the installation of the
HVAC, plumbing, electrical and fire sprinkler work in the area covered by the
specific drawing. The Contractor’s work shall be installed according to the shop
drawings and coordination drawings. If the Contractor allows one trade to install
their work before coordination with the work of other trades, the Contractor shall
make all necessary changes to correct the condition at no additional cost to the
Owner.

The Contractors’ Coordination Drawings shall indicate structural loads at support
points for all piping 10 inch and larger, racked piping, racked conduit, busway,
and suspended electrical equipment. Submit to Structural Engineer for review
and approval. The elevation, location, support points, static, dynamic and
expansion forces and loads imposed on the structure at support and anchor
points shall be indicated. All beam penetrations and slab penetrations shall be
indicated and sized and shall be coordinated. Work routed underground or
embedded in concrete shall be indicated by dimension to column and building
lines and shall be coordinated. Coordination Drawings shall document all
required structural penetrations for initial construction. Penetrations shall be
dimensioned for walls, floors and roofs. These structural coordination
requirements require review and approval by the Structural Engineer prior to
completion and submittal of the Drawings.
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This requirement for Coordination Drawings shall not be construed as
authorization for the Contractor or trade contractors to make any unauthorized
changes to the Contract Documents. Contract document space allocations shall
be maintained such as ceiling height, designated clearance for future
construction and flexibility, chase walls, equipment room size, unless prior written
authorization is received from the Engineer to change them.

Prior to final acceptance of the Work, the Contractor shall submit the
Coordination Drawings as part of the Record Drawings submittal.

3.5 EXAMINATION OF SITE

A.

Prior to the submitting of bids, visit the project site and become familiar with all
conditions affecting the proposed installation and make provisions as to the cost
thereof.

The Contract Documents do not make representations regarding the character or
extent of the sub-soils, water levels, existing structural, mechanical and electrical
installations, above or below ground, or other sub-surface conditions which may
be encountered during the work. Evaluate existing conditions, which may affect
methods or cost of performing the work, based on examination of the site or
other information. Failure to examine the Drawings or other information does
not relieve the Contractor of responsibility for the satisfactory completion of the
work.

3.6 EXCAVATION AND BACKEFILL

A.

Provide excavation for the work of this Division. Excavate all material
encountered, to the depths indicated on the Drawings or as required. Remove
from the site excavated materials not required or suitable for backfill. Provide
grading as may be necessary to prevent surface water from flowing into trenches
or other excavations. Remove any water, which accumulates. Provide sheeting
and shoring as may be necessary for the protection of the work and for the safety
of personnel.

Provide trenches of widths necessary for the proper execution of the work. Grade
bottom of the trenches accurately to provide uniform bearing and support the
work on undisturbed soil at every point along its entire length. Except where
rock is encountered, do not excavate below the depths indicated. Where rock
excavations are required, excavate rock to a minimum overdepth of four inches
below the trench depths indicated on the Drawings or required. Backfill
overdepths in the rock excavation and unauthorized overdepths with loose,
granular, moist earth, thoroughly machine-tamped to a compaction level of at
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least 95 percent to standard proctor density or 75 percent relative density or as
specified by the Engineer. Whenever unstable soil that is incapable of properly
supporting the work is encountered in the bottom of the trench, remove soil to a
depth required and backfill the trench to the proper grade with coarse sand, fine
gravel or other suitable material.

C. Excavate trenches for utilities that will provide the following minimum depths of
cover from existing grade or from indicated finished grade, whichever is lower,
unless otherwise specifically shown:

1. Electric service: Three (3) feet minimum.
2. Telephone service: Three (3) feet minimum.
3. Cable TV service: Three (3) feet minimum
D. Trenches should not be placed within ten feet of foundation or soil surfaces,

which must resist horizontal forces.

E. Do not backfill trenches until all required tests have been performed and
installation observed by the Engineer. Comply with the requirements of other
sections of the Specifications. Backfill shall consist of non-expensive soil with
limited porosity. Deposit in six layers and thoroughly and carefully tamp until the
work has a cover of not less than one foot. Backfill and tamp remainder of trench
at one-foot intervals until complete. Uniformly grade the finished surface.

3.7 CUTTING AND PATCHING

A. Where cutting, channeling, chasing or drilling of floors, walls, partitions, ceilings
or other surfaces is necessary for the proper installation, support or anchorage of
conduit or other equipment, lay out the work carefully in advance. Repair any
damage to the building, piping, equipment or defaced finished plaster,
woodwork, metalwork, etc., using skilled tradespeople of the trades required at
no additional cost to the Owner.

B. Do not cut, channel, chase or drill unfinished masonry, tile, etc., unless permission
from the Architect is obtained. If permission is granted, perform this work in a
manner acceptable to the Architect.

C. Where conduit or equipment are mounted on a painted finished surface, or a
surface to be painted, paint to match the surface. Cold galvanize bare metal
whenever support channels are cut.

D. Provide slots, chases, openings and recesses through floors, walls, ceilings, and
roofs as required. Where these openings are not provided, provide cutting and
patching to accommodate penetrations at no additional cost to the Owner.

GENERAL ELECTRICAL REQUIREMENTS 260500-13



CSArch
197-2201

Highland Central School District
2022 Capital Improvement Project

3.8 MOUNTING HEIGHTS

A.

B.

Mounting heights shall conform to ADA requirements.
Verify exact locations and mounting heights with the Architect before installation.

Electrical and telecommunications outlets shall be mounted no higher than 48
inches above finished floor to top of the outlet box and no lower than 15 inches
above finished floor to bottom of the outlet box.

Electrical switches shall be mounted no higher than 48 inches above finished
floor to top of the outlet box and no lower than 36 inches above finished floor to
bottom of the outlet box.

Fire alarm manual pull stations shall be mounted no higher than 48 inches above
finished floor to top of the outlet box and no lower than 36 inches above finished
floor to bottom of the outlet box.

Outlets for public and other wall-mounted type telephones shall be installed so
that the particular telephone installed conforms to ADA mounting height
requirements.

Visual Alarms: Mount not less than 80 inches to the bottom or 96 inches to the
top of the device.

Wall-Mounted Exit Signs: Two inches above top of door to bottom of sign.
Low-Level Exit Signs: Six inches to bottom of sign.

Stairwell and utility corridor wall-mounted lighting fixtures shall be mounted
8 feet-6 inches above finished floor or one foot below ceiling or structure above,
whichever is lower.

39 CLEANING UP

A.

Avoid accumulation of debris, boxes, loose materials, crates, etc., resulting from
the installation of this work. Remove from the premises each day all debris,
boxes, etc., and keep the premises clean and free of dust and debiris.

Clean all fixtures and equipment at the completion of the project. Wipe clean
exposed lighting fixture reflectors and trim pieces with a non-abrasive cloth just
prior to occupancy.

GENERAL ELECTRICAL REQUIREMENTS 260500-14



CSArch
197-2201

C.

Highland Central School District
2022 Capital Improvement Project

All electrical equipment shall be thoroughly vacuumed and wiped clean prior to
energization and at the completion of the project. Equipment shall be opened
for observation by the Engineer as required.

3.10  WATERPROOFING

A.

Avoid, if possible, the penetration of any waterproof membranes such as roofs,
machine room floors, basement walls, and the like. If such penetration is
necessary, make penetration prior to the waterproofing and furnish all sleeves or
pitch-pockets required. Advise the Architect and obtain written permission
before penetrating any waterproof membrane, even where such penetration is
shown on the Drawings.

Restore waterproofing integrity of walls or surfaces after they have been
penetrated without additional cost to the Owner.

3.11  SUPPORTS

A.

Support work in accordance with the best industry practice. Provide supports,
hangers, auxiliary structural members and supplemental hardware required for
support of the work.

Provide supporting frames or racks extending from floor slab to ceiling slab for
work indicated as being supported from walls where the walls are incapable of
supporting the weight. In particular, provide such frames or racks in electric
closets and mechanical equipment rooms.

Provide supporting frames or racks for equipment which is to be installed in a
freestanding position.

Supporting frames or racks shall be of standard angle, standard channel or
specialty support system steel members, rigidly bolted or welded together and
adequately braced to form a substantial structure. Racks shall be of ample size to
assure a workmanlike arrangement of all equipment mounted on them.

Adequate support of equipment (including outlet, pull and junction boxes and
fittings) shall not depend on electric conduits, raceways, or cables for support.

Electrical equipment shall not rest on or depend for support on suspended
ceiling media (tiles, lath, plaster, as well as splines, runners, bars and the like in
the plane of the ceiling). Provide independent support of electrical equipment.
Do not attach to supports provided for ductwork, piping or work of other trades.
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G. Provide required supports and hangers for conduit, equipment, etc., so that
loading will not exceed allowable loadings of structure. Electrical equipment and
supports shall not come in contact with work of other trades.

3.12  FASTENINGS

A. Fasten equipment to building structure in accordance with the best industry
practice.
B. Where weight applied to building attachment points is 100 pounds or less,

conform to the following as a minimum:

Wood: Wood screws.

Concrete and solid masonry: Bolts and expansion shields.

Hollow construction: Toggle bolts.

Solid metal: Machine screws in tapped holes or with welded studs.

Steel decking or sub-floor: Fastenings as specified below for applied
weights in excess of 100 pounds.

M AN

C. Where weight applied to building attachment points exceeds 100 pounds, but is
300 pounds or less, conform to the following as a minimum:

1. At concrete slabs provide 24-inch by 24-inch by 1/2-inch steel fishplates
on top with through bolts. Fishplate assemblies shall be chased in and
grouted flush with the top of slab screed line, where no fill is to be
applied.

2. At steel decking or sub-floor for all fastenings, provide through bolts or
threaded rods. The tops of bolts or rods shall be set at least one inch
below the top fill screed line and grouted in. Suitable washers shall be
used under bolt heads or nuts. In cases where the decking or sub-floor
manufacturer produces specialty hangers to work with their decking or
sub-floor, such hangers shall be provided.

D. Where weight applied to building attachment points exceeds 300 pounds,
coordinate with and obtain the approval of Engineer and conform to the
following as a minimum:

1. Provide suitable auxiliary channel or angle iron bridging between building
structural steel elements to establish fastening points. Bridging members
shall be suitably welded or clamped to building steel. Provide threaded
rods or bolts to attach to bridging members.

E. For items, which are shown, as being ceiling-mounted at locations where
fastening to the building construction element above is not possible, provide
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suitable auxiliary channel or angle iron bridging tying to the building structural
elements.

Wall-mounted equipment may be directly secured to wall by means of steel
bolts. Groups or arrays of equipment may be mounted on adequately sized steel
angles, channels, or bars. Prefabricated steel channels as manufactured by
Kindorf or Unistrut are acceptable.

IDENTIFICATION

A.

Identify electrical equipment with permanently attached black phenolic
nameplates with 1/2-inch high white engraved lettering. Identification shall
include equipment name or load served as appropriate. Nameplates for
equipment connected to the emergency power system shall be red with white
lettering. Nameplates shall be attached with cadmium-plated screws; peel-and-
stick tape or glue-on type nameplates are not allowed.

Cable tags shall be flameproof secured with flameproof non-metallic cord.

Provide an engraved nameplate for each switch controlling loads, which are not
local to the switch.

Wherever raceways for future use are terminated outside of the building, stake
the location with a 2-foot long, 1-inch by 1-inch clear heart redwood stake.

See individual Sections for additional identification requirements.

PROHIBITED LABELS AND IDENTIFICATIONS

A.

In all public areas, the inclusion or installation of any equipment or assembly
which bears on any exposed surface any name, trademark, or other insignia which
is intended to identify the manufacturer, the vendor, or other source(s) from
which such object has been obtained, is prohibited, unless otherwise approved by
Owner.

Required UL labels shall not be removed nor shall identification specifically
required under the various technical sections of the Specifications be removed.

EQUIPMENT PADS AND ANCHOR BOLTS

A.

Provide concrete pads under all floor-mounted electrical equipment. Equipment
pads shall conform to the shape of the piece of equipment it serves with a
minimum 1-inch margin around the equipment and supports. Pads shall be a
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minimum of 4 inches high and made of a minimum 28 day, 2500 psi concrete
reinforced with 6-inch by 6-inch 6/6 gauge welded wire mesh. Trowel tops and
sides of pad to smooth finishes, equal to those of the floors, with all external
corners bullnosed to a 3/4-inch radius.

Provide galvanized anchor bolts for all equipment placed on concrete equipment
pads, inertia blocks, or on concrete slabs. Provide bolts of the size and number
recommended by the manufacturer of the equipment and locate by means of
suitable templates. Equipment installed on vibration isolators shall be secured to
the isolator. Secure the isolator to the floor, pad, or support as recommended by
the vibration isolation manufacturer.

Where equipment is mounted on gypsum board partitions, the mounting screws
shall pass through the gypsum board and securely attach to the partition studs.
As an alternative, the mounting screws may pass through the gypsum board and
be securely attached to 6 inches square, 18 gauge galvanized metal backplates,
which are attached to the gypsum board with an approved non-flammable
adhesive. Toggle bolts installed in gypsum board partitions are not allowed.

3.16  DELIVERY, DRAYAGE AND HAULING

A.

Provide drayage, hauling, hoisting, shoring and placement in the building of
equipment specified and be responsible for the timely delivery and installation of
equipment as required by the construction schedule. If any item of equipment is
received prior to the time that it is required, the Contractor shall be responsible
for its proper storage and protection until the time it is required. Pay for all costs
of drayage or storage.

If equipment is not delivered or installed at the project site in a timely manner as
required by the project construction schedule, the Contractor shall be responsible
for resulting disassembly, re-assembly, manufacturer’'s supervision, shoring,
general construction modification, delays, overtime costs, etc., at no additional
cost to the Owner.

3.17 EQUIPMENT AND MATERIAL PROTECTION

A.

Protect the work, equipment, and material of other trades from damage by work
or workmen of this trade, and correct damaged caused without additional cost to
the Owner.

Take responsibility for work, materials, and equipment until finally inspected,
tested and accepted. Protect work against theft, injury, or damage, and carefully
store material and equipment received on site, which is not immediately installed.
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Close open ends of work with temporary covers or plugs during construction to
prevent entry of obstructing material. Cover and protect equipment and
materials from damage due to water, spray-on fireproofing, construction debris,
etc. Store equipment to moisture damage in dry, heated spaces.

Provided adequate means for fully protecting finished parts of materials and
equipment against damage from whatever cause during the progress of the work
until final acceptance. Protect materials and equipment in storage and during
construction in such a manner that no finished surfaces will be damaged or
marred, and moving parts are kept clean and dry. Do not install damaged items;
take immediate steps to obtain replacement or repair.

3.18  TESTING OF ELECTRICAL SYSTEMS

A.

Comply with the project construction schedule for the date of final performance
and acceptance testing, and complete work sufficiently in advance of the
Contract completion date to permit the execution of the testing prior to
occupancy and Contract close-out. Complete any adjustments and/or alterations,
which the final acceptance tests indicate as necessary for the proper functioning
of all equipment prior to the completion date. See individual Sections for extent
of testing required.

Provide a detailed schedule of completion indicating when each system is to be
completed and outlining when field testing will be performed. Submit
completion schedule for review within six months after the notice to proceed by
Owner’s Representative has been given. Update this schedule periodically as the
project progresses.

3.19  OPERATING INSTRUCTIONS

A.

Provide the services of factory-trained specialists to provide an operating
instructions seminar for equipment and systems. The seminar shall be conducted
over a five-day (consecutive) period. Instruction time is defined as straight time
working hours and does not include nights, weekends, or travel time to and from
the project.

Submit seminar agenda, schedule and list of representatives to the Owner for
approval 30 days prior to suggested date of seminar. Do not commence seminar
until the Owner has issued a written acceptance of the starting time and
attendees. Confirm attendance of seminar by written notification to participants.
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C. Instruct Owner’s operating personnel in proper starting sequences, operation,
shut-down, general maintenance and preventative maintenance procedures,
including normal and emergency procedures.

D. Submit final copies of Record Drawings and Operating and Maintenance Manuals
to Owner at seminar.

E. Submit a written record of minutes and attendees of the seminar to the Owner.

3.20 OPERATING AND MAINTENANCE MANUALS

A. Provide Operating and Maintenance Manuals for equipment and materials
furnished under this Division.

B. Submit three final copies of Operating and Maintenance Manuals for review at
least ten weeks before the completion date. Assemble data in a completely
indexed volume or volumes in three-ring binders and identify the size, model,
and features indicated for each item. Print the project name on the outside of
the binders.

C. Maintenance manuals shall include complete cleaning and servicing data
compiled in a clear and easily understandable format. Show model numbers of
each piece of equipment, complete lists of replacement parts, capacity ratings,
and actual loads.

D. Provide the following information where applicable:

Identifying name and mark number

Locations (where several similar items are used, provide a list)

Complete nameplate data

Certified Record Drawings and Final Reviewed submittals

Parts list

Performance curves and data

Wiring diagrams

Manufacturer’'s recommended operating and maintenance instructions

with all non-applicable information deleted

9. List of spare parts recommended for normal service requirements

10. Assembly and disassembly instructions with exploded-view drawings
where necessary

11. Test reports

12. Trouble shooting diagnostic instructions, where applicable

AN e
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3.21 RECORD DRAWINGS

A.

The Contractor shall maintain on a daily basis at the Project site a complete set of
Record Drawings. The Record Drawings shall initially consist of a set of
construction drawings or AutoCAD files of the Contractor's Coordination
Drawings. The prints shall be marked or the AutoCAD files electronically updated
to show the precise location of all buried or concealed work and equipment,
including embedded conduit, raceways and boxes, and all changes and
deviations in the Electrical work from that shown on the Contract Documents.
This requirement shall not be construed as authorization for the Contractor to
make changes in the layout or work without definite written instructions from the
Architect or Engineer. The updated Coordination Drawings shall be used to
produce the final Record Drawings that shall be delivered to the Owner in
AutoCAD electronic format and full-size hard copy format upon Project
completion.

Record dimensions clearly and accurately to delineate the work as installed.
Suitably identify locations of all equipment by at least two dimensions to
permanent structures.

The Contractor and Subcontractor shall mark all in-progress Record Drawings on
the front lower right hand corner with a rubber stamp impression or an AutoCAD
image similar to the following:

RECORD DRAWING
(3/8-inch high letters)

To be used for recording Field Deviations and
Dimensional Data Only
(5/16-inch high letters)

Upon completion of the work, the Contractor and Subcontractor(s) shall certify all
Record Drawings on the front lower right hand corner adjacent to the above
marking with a rubber stamp impression or an AutoCAD image similar to the
following:
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RECORD DRAWING
CERTIFIED CORRECT
(3/8-inch high letters)

(Printed Name of General Contractor)
(5/16-inch high letters)
Date:

(Printed Name of Subcontractor)
(5/16-inch high letters)
Date:

Prior to final acceptance of the Work of this Division, the Contractor shall submit
properly certified Record Drawings to the Architect and Engineer for review and
shall make changes, corrections, or additions as the Architect and/or Engineer
may require to the Record Drawings. After the Architect's and Engineer's review,
and any required Contractor revisions, the Record Drawings shall be delivered to
the Owner on electronic media in AutoCAD format. The Architect and Engineer
do not assume any responsibility for the accuracy or completeness of the Record
Drawings.

3.22  FINAL PUNCHLIST

A.

Prior to the Final Punchlist, certify that systems and equipment are complete,
operational, and are in compliance with the Contract Documents.

During the Final Punchlist, provide personnel with access keys, hand held radios,
and necessary expertise to operate each system and piece of equipment to
demonstrate operational compliance with the Contract Documents.

Any deficiencies noted on the Final Punchlist shall be expeditiously corrected and
certified in writing.

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

PART 1 - GENERAL

1.1 SUMMARY
A.  Section Includes:
1. Copper building wire rated 600 V or less.
2. Connectors, splices, and terminations rated 600 V and less.
1.2 DEFINITIONS
A.  PV:Photovoltaic.
B. RoHS: Restriction of Hazardous Substances.

C.  VFC: Variable-frequency controller.

13 SUBMITTALS
A.  Product Data: For each type of product.
B. Product Schedule: Indicate type, use, location, and termination locations.
C.  Qualification Data: For testing agency.

D.  Field quality-control reports.

1.4 QUALITY ASSURANCE
A.  Testing Agency Qualifications: Member company of NETA.

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

PART 2 - PRODUCTS

2.1 COPPER BUILDING WIRE

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

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

2. RoHS compliant.

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

C.  Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with
ASTM B 8 for stranded conductors.

D. Conductor Insulation:

1. Type RHH and Type RHW-2: Comply with UL 44.
2. Type THHN and Type THWN-2: Comply with UL 83.
3.  Type THW and Type THW-2: Comply with NEMA WC-70/ICEA S-95-658 and

UL 83.

4.  Type XHHW-2: Comply with UL 44.
5. Type TC-ER: Comply with NEMA WC 70/ICEA S-95-658 and UL 1277.

a.  Type TC-ER: Cable designed for use with VFCs, with oversized crosslinked
polyethylene insulation, spiral-wrapped foil plus 85 percent braided shields
with full size drain wire, full sized insulated ground wire, and sunlight- and
oil-resistant outer PVC jacket. Provide this cable between VFCs and motor
loads as indicted on drawings.

2.2 CONNECTORS AND SPLICES

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

2.3 INSULATING TAPE

A.  Provide vinyl plastic tape that meets the requirements of UL 510 and has the following
characteristics:

1. 8.5 Mil minim thickness.

2. ASTM D-3005 Standard specification for low-temperature resistant vinyl Chloride
plastic pressure-sensitive electrical insulating type — type.
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3. Rated 600 volts and 150°C, suitable for indoor and outdoor applications.

4. Retains flexibility, adhesion, and applicable at temperature ranges from 0 through
100°F without loss of physical or electrical properties.

5. Resistant to abrasion, moisture, alkalis, acid, corrosion, and sunlight

6.  Tape manufacturer: 3M “Scotch Super 88" or approved equal.

2.4 MANUFACTURERS

A.  Wire Manufacturers: subject to compliance with requirements, provide products by one
of the following (no exceptions):

Southwire Company
General Cable

The Okonite Company
Belden

VitaLink

Pyrotenax

ok wn =

B.  Connectors Manufacturers: subject to compliance with requirements, provide products
by one of the following (no exceptions):

1. Hubbell
2. Thomas & Betts
3. 3M Company

PART 3 - EXECUTION

3.1 CONDUCTOR MATERIAL APPLICATIONS

A.  Feeders/Branch circuits: Copper; solid for No. 10 AWG and No. 12 AWG; stranded for
No. 8 AWG and larger.

B.  VFC Output Circuits Cable: Extra-flexible stranded for all sizes.
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3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

A.  Service Entrance: Type THHN/THWN-2, single conductors in raceway; Type XHHW-2,
single conductors in raceway; Type USE, single conductor in raceway.

B.  Exposed Feeders: Type THHN/THWN-2, single conductors in raceway.

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

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

E. Feeders Installed below Raised Flooring: Type THHN/THWN-2, single conductors in
raceway.

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

G. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN/THWN-2, single
conductors in raceway;

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

Branch Circuits Installed below Raised Flooring:  Type THHN/THWN-2, single
conductors in raceway.

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

K. VFC Output Circuits: Type XHHW-2 in metal conduit; Type TC-ER cable with dual tape
shield.
33 INSTALLATION OF CONDUCTORS AND CABLES
A.  Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

B.  Contract drawings do not indicate size of branch circuit wiring; use No.12 AWG as a
minimum wire size for branch circuit wiring. For 20 Ampere branch circuits whose
length from the panel to the furthest outlet exceeds 100 feet for 120-volt circuits or
150 feet for 277-volt circuits; use No. 10 AWG or larger for the entire branch circuit
installation.
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C. A shared neutral may be utilized for circuits other than circuits used for dimmers,
ground fault interrupter receptacles or circuit breakers, isolated ground receptacles,
and isolated ground surge suppressor type devices

D. 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.

E. 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.

F. Do not install wire in incomplete conduit runs nor until after concrete work and
plastering is completed and moisture is swabbed from the conduits. Eliminate splices
where possible. Where necessary, splice in readily accessible pull, junction or outlet box.

G.  Take precautions to avoid entrance of dirt and water into the conduit and cuts. Clean
conduits and ducts to remove and pulling compound prior to pulling cables. Do not
damage conductor insulation, braid jacket or sheet during installation. Any damaged
conductors shall be replaced immediately.

H. Use pulling means, including fish tape, cable, rope, cable reels on jacks, and basket-
weave wire/cable grips, that will not damage cables or raceway. Do not exceed
maximum recommended pulling tension of wire and cable

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

J. Support cables according to Section 260529 "Hangers and Supports for Electrical
Systems."
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-486B.

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

C.  Circumferential compression type connector (provide for splices and connections No. 6
AWG and larger):
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1. Use for incoming and outgoing cable connections at enclosures and for ground
connections.
2.
Use manufacturer’'s approved tool and correct size hex head with embosses die
number on the connector or lug.
3. Make crimped indentions parallel with insulation putty.
4, Fill voids and irregularities with insulation putty.

3.5

3.6

3.7

3.8

5.  Cover nearly with four (4) layers of vinyl plastic tape except where insulated
covers are permitted; half-lap tape in two (2) directions.

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

IDENTIFICATION

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

Identify each spare conductor at each end with identity number and location of other
end of conductor, and identify as spare conductor.
SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

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

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to
restore original fire-resistance rating of assembly according to the project
specifications.

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified testing agency to perform tests and
inspections.

Testing Agency: Engage a qualified testing agency to perform tests and inspections.
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C.  Manufacturer's Field Service: Engage a factory-authorized service representative to test

and

inspect components, assemblies, and equipment installations, including

connections.

D.  Perform tests and inspections.

1.

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

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

Perform each of the following visual and electrical tests:

a. Inspect exposed sections of conductor and cable for physical damage and
correct connection according to the single-line/riser diagram.
b.  Test bolted connections for high resistance using one of the following:

1) A low-resistance ohmmeter.
2)  Calibrated torque wrench.
3)  Thermographic survey.

C. Inspect compression-applied connectors for correct cable match and
indentation.

d.  Inspect for correct identification.
Inspect cable jacket and condition.

f. Insulation-resistance test on each conductor for ground and adjacent

conductors. Apply a potential of 500-V dc for 300-V rated cable and 1000-
V dc for 600-V rated cable for a one-minute duration.

g.  Continuity test on each conductor and cable.

h Uniform resistance of parallel conductors.

i. Insulation resistance to comply with ICEA values.

Initial Infrared Scanning: After Substantial Completion, but before Final
Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG
and larger. Remove box and equipment covers so splices are accessible to
portable scanner. Correct deficiencies determined during the scan.

a. Instrument: Use an infrared scanning device designed to measure
temperature or to detect significant deviations from normal values. Provide
calibration record for device.
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b.  Record of Infrared Scanning: Prepare a certified report that identifies
switches checked and that describes scanning results. Include notation of
deficiencies detected, remedial action taken, and observations after
remedial action.

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

E. Cables will be considered defective if they do not pass tests and inspections.
F. Prepare test and inspection reports to record the following:
1. Procedures used.
2. Results that comply with requirements.
3. Results that do not comply with requirements, and corrective action taken to

achieve compliance with requirements.

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

PART 1 - GENERAL

1.1

A.

1.2

1.3

A.

PART 2 -

2.1

A.

B.

2.2

A.

SUMMARY

Provide a complete grounding system in accordance with the Contract Documents and
as specified herein.

SUBMITTALS

Minimum 1/8" scale floor plan drawings depicting the building ground electrode
system as to be installed.

Detailed riser diagram depicting the building ground electrode system and bonding as
to be installed.

Product data sheets (cut sheets) for all ground bus bars and other components of the
grounding system.

Field test reports.

QUALITY ASSURANCE

Testing Agency Qualifications: Certified by NETA.

PRODUCTS

SYSTEM DESCRIPTION

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

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

CONDUCTORS

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

1. Solid Conductors: ASTM B 3.

2. Stranded Conductors: ASTM B 8.

3. Tinned Conductors: ASTM B 33.

4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in
diameter.

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

6. Bonding Jumper: Copper tape, braided conductors terminated with copper

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

C.  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.

2.3 CONNECTORS

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

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

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

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

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy.
F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.
G.  Conduit Hubs: Mechanical type, terminal with threaded hub.

H.  Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head
bolt.

Lay-in Lug Connector: Mechanical type, aluminum or copper rated for direct burial
terminal with set screw.
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J. Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head
screw.
K. Straps: Solid copper, cast-bronze clamp or copper lugs. Rated for 600 A.

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

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

N.  Water Pipe Clamps:

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.

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

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

PART 3 - EXECUTION

3.1 APPLICATIONS

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

B.  Underground Grounding Conductors: Install bare copper conductor, No.2/0 AWG

minimum.
1. Bury at least 24 inches below grade.
C. Isolated Grounding Conductors: Green-colored insulation with 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.

D. Grounding Bus: Install in electrical equipment rooms, in rooms housing service
equipment, and elsewhere as indicated.
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3.2

3.3

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.

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.

Connections to Ground Rods at Test Wells: Bolted connectors.

4.  Connections to Structural Steel: Welded connectors.

w

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.

At utility transformer, ground per utility company requirements and standards.

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

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
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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.

F. 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.

34 INSTALLATION

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

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

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

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

2. For grounding electrode system, install at least three rods spaced at least one-
rod length from each other and located at least the same distance from other
grounding electrodes, and connect to the service grounding electrode conductor.

D. 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.

E. Grounding and Bonding for Piping:
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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.

F. 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.

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

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.

H.  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.

3.5 FIELD QUALITY CONTROL

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

B. 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
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terminal, and at individual ground rods. Make tests at ground rods before any

conductors are connected.

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

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

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

D.  Prepare test and inspection reports.

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

1.

Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10
ohms.

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5
ohms.
3. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).
4.  Substations and Pad-Mounted Equipment: 5 ohms.
5 Manhole Grounds: 10 ohms.
6 ohms.
F. 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 SUMMARY
A. Section Includes:

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

1.2 SUBMITTALS

A.  Product Data: For each type of product.

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

b.  Steel slotted support systems.
C. Nonmetallic support systems.
d.  Trapeze hangers.

e. Clamps.

f. Turnbuckles.

g.  Sockets.

h. Eye nuts.

i. Saddles.

j. Brackets.

I

2. nclude rated capacities and furnished specialties and accessories.

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

Trapeze hangers. Include product data for components.

Steel slotted-channel systems.

Nonmetallic slotted-channel systems.

Equipment supports.

Vibration Isolation Base Details: Detail fabrication, including anchorages and
attachments to structure and to supported equipment. Include adjustable motor
bases, rails, and frames for equipment mounting.

vk w2
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C.  Coordination Drawings: Reflected ceiling plan(s) and other details, drawn to scale, on
which the following items are shown and coordinated with each other, using input from
installers of the items involved:

Hwn =

Suspended ceiling components.

Structural members to which hangers and supports will be attached.
Size and location of initial access modules for acoustical tile.

Items penetrating finished ceiling, including the following:

a. Lighting fixtures.

b.  Airoutlets and inlets.
C. Speakers.

d.  Sprinklers.

e. Access panels.

f. Projectors.

PART 2 - PRODUCTS

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

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

1.
2.

6.

Channel Width: 1-5/8 inches.

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

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

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

Protect finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.

Channel Dimensions: Selected for applicable load criteria.

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

1.
2.

Channel Width: 1-5/8 inches.

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

Painted Coatings: Manufacturer's standard painted coating applied according to
MFMA-4.
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4. Protect finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.
5. Channel Dimensions: Selected for applicable load criteria.

C.  Nonmetallic Slotted Support Systems: Structural-grade, factory-formed, glass-fiber-
resin channels and angles with minimum 13/32-inch-diameter holes at a maximum of 8
inches o.c., in at least one surface.

1. Channel Width: 1-5/8 inches.

2. Fittings and Accessories: Products provided by channel and angle manufacturer
and designed for use with those items.
3. Fitting and Accessory Materials: Same as those for channels and angles, except

metal items may be stainless steel.

4, Rated Strength: Selected to suit applicable load criteria.

5. Protect finishes on exposed surfaces from damage by applying a strippable,
temporary protective covering before shipping.

D. Conduit and Cable Support Devices: Steel, Stainless-steel or Glass-fiber-resin hangers,
clamps, and associated fittings, designed for types and sizes of raceway or cable to be
supported.

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

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

G.  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.

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

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

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable
for attached structural element.
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5. Through Bolts: Structural type, hex head, and high strength. Comply with
ASTM A 325.

6.  Toggle Bolts: Stainless-steel springhead type.

7. Hanger Rods: Threaded steel.

PART 3 - EXECUTION

3.1

3.2

A.

B.

C.

APPLICATION

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

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

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space
supports for EMTs, IMCs, and RMCs as required by NFPA 70. Minimum rod size shall be
1/4 inch in diameter.

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

SUPPORT INSTALLATION

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

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

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

1. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to concrete inserts.

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

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

To Light Steel: Sheet metal screws.

ltems 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.

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

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

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

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

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

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Metal conduits, tubing, and fittings.
Nonmetal conduits, tubing, and fittings.
Metal wireways and auxiliary gutters.
Nonmetal wireways and auxiliary gutters.
Surface raceways.

Boxes, enclosures, and cabinets.

ok wn =

1.2 DEFINITIONS
A.  EMT: Electrical metallic tubing
B.  FMC: Flexible metal conduit
C.  GRC: Galvanized rigid steel conduit.
D.  MC: Metal Clad Cable
E. LFMC: Liquid-tight flexible metal conduit

F. RNC: Rigid nonmetallic conduit

1.3 SUBMITTALS

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

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

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

with common supports.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 1



CSArch

Highland Central School District

197-2201 2022 Capital Improvement Project

PART 2 - PRODUCTS

2.1

A.

METAL CONDUITS, TUBING, AND FITTINGS

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

GRC: Comply with ANSI C80.1 and UL 6.
MC: Comply with UL 1569 and NEC article 330.
PVC-Coated Steel Conduit: PVC-coated rigid steel conduit.

Comply with NEMA RN 1,

External PVC Coating Thickness: 0.040 inch, minimum.

Internal urethane coating Thickness: 0.002 inch, minimum.

Hot dipped galvanized threads

PVC Coating shall be of the same manufacturer of the conduit.

ik wn =

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

FMC: Comply with UL 1; single strip, continuous, flexible interlocked double-wrapped
steel, galvanized inside and outside forming smooth internal wiring channel.

LFMC: Flexible steel conduit with PVC jacket, UV stable, machine tool gray in color,
lightweight aluminum core internal construction and complying with UL 360.

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

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

2. Fittings for EMT:

a. Material: Steel.
b.  Type: Set screw.

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

4, Fittings for PVC-coated Rigid Steel Conduits: Minimum PVC thickness of 0.040
inch, 0.002 inch thickness of internal urethan, overlapping sleeves protecting
threaded joints. All conduit bodies shall be NEMA 4x Rated with encapsulated
stainless steel screws.
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2.2

2.3

5. Fittings for LFMC: Body, gland and lock nut shall be steel of malleable iron.
Ground cone shall be steel, sealing ring and insulator shall be blue molded
thermoplastic at 150°C (221°F) maximum.

6. Fittings for GRC: Threaded rigid steel conduit fittings. Comply with NEMA FB 2.10.

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

NONMETALLIC CONDUITS, TUBING, AND FITTINGS

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

RNC: Type EPC-40-PVC for 90°C, complying with NEMA TC2 and UL 651 unless
otherwise indicated.

Materials must have tensile strength of 7,000-7,200 psi at 73.4°F, flexural strength of
12,000 psi and compressive strength of 9,000 psi.

Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and
material.

Raceway, fittings, and cement must be produced by the same manufacturer who must
have had a minimum of ten (10) years’ experience in manufacturing of these products.
METAL WIREWAYS AND AUXILIARY GUTTERS

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

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

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

Wireway Covers: Hinged cover secured with captive screws unless otherwise indicated.

Finish: Manufacturer's standard enamel finish NEMA 250 rated.
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2.4

A.

2.5

2.6

NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS

Listing and Labeling: Nonmetallic wireways and auxiliary gutters shall be listed and
labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended
location and application.

Description: Fiberglass polyester, extruded and fabricated to required size and shape,
without holes or knockouts. Cover shall be gasketed with oil-resistant gasket material
and fastened with captive screws treated for corrosion resistance. Connections shall be
flanged and have stainless-steel screws and oil-resistant gaskets.

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

Solvents and Adhesives: As recommended by conduit manufacturer.

SURFACE RACEWAYS

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

Surface Metal Raceways:
1. Refer to drawings for location(s), type(s), and quantity(s) of surface metal
raceway.
a. Surface finish: be satin, anodized #204 type clear, Class R1 mil-Spec with
minimum anodized finish of .004" unless otherwise noted.

Surface Nonmetallic Raceways: Two- or three-piece construction, complying with
UL 5A, and manufactured of rigid PVC with texture and color selected by Architect from
manufacturer's standard colors. Product shall comply with UL 94 V-0 requirements for
self-extinguishing characteristics.

BOXES, ENCLOSURES, AND CABINETS

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

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

Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1.
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2.7

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

Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing
50 Ib. Outlet boxes designed for attachment of luminaires weighing more than 50 Ib
shall be listed and marked for the maximum allowable weight.

Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan
weighing 70 Ib.

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

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

Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, cast
aluminum with gasketed cover.

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

Device Box Dimensions: 4 inches square by 2-1/8 inches deep.
Gangable boxes are allowed.
Cabinets:

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

Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

oUW

SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES

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

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

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

2.8 MANUFACTURERS

A.  Raceway and Fitting Manufacturers: subject to compliance with requirements, provide
products by one of the following (no exceptions):

Wheatland Tube

Thomas & Betts
Hubble

Legrand
Calbond

© N U WN =

Republic Conduit

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

Allied Tube & Conduit

Western Tube and Conduit

A.  The following application must be adhered to. Raceways installed that are not
conforming to this listing must be removed and replace with specified material at no

additional expense.

Raceway Types

Applications

Galvanized Rigid Steel
Conduit (GRQ)

Where exposed to mechanical injury, where
specifically required; indoors where exposed to
moisture; where required by codes and for all
circuits in excess of 600 volts. Outdoor
locations, sump and ejector pits, elevator pits,
loading docks, garage, rooftops and
gymnasium.

PVC Coated Galvanized
Rigid Steel Conduit (GRC)

Where exposed to extreme outdoor and
indoor corrosion and or weather conditions:
Stub out of Concrete applications. In

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS
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Raceway Types

Applications

applications where two (2) UL Listed Layers of
Corrosion protection is required and Hot
Dipped Galvanized Conduit as Primary
Protection is listed PVC Coating is listed as
Primary Corrosion is also UL Listed.

Electrical Metallic tubing
(EMT)

Use in every instance except where another
material is not specified.

Metal Clad Cable (MC)

Lighting and receptacle branch circuits
concealed in dry hollow spaces of a building.
May not be used in areas where it would be
subjected to physical damage, or where
prohibited by Code.

Flexible Metal Conduit

Use in dry areas for connections to lighting
fixtures in hung ceilings, connections to
equipment installed in removable panels of
hung ceilings; at all transformer or equipment
raceway connections where sound and
vibration isolation is required.

Liquid-Tight Flexible
Metal Conduit

Use in areas subject to moisture where flexible
metal conduit is unacceptable, at connections
to all motors, and all raised floor areas.

Rigid Non-Metallic
Conduit

Schedule 40 - Where raceways are in a slab
below grade levels; for raceway duct banks.
Schedule 80 - For underground raceways
outside of the building which are not encased
in concrete.

Wireways and Auxiliary
Gutters

Where indicated on the Contract Documents
and as otherwise specifically required.

Boxes and Enclosures

NEMA 250, Type 1, except use NEMA 250, Type
4 in kitchens and damp/or wet locations.
Outdoors use NEMA 250, Type 3R.

Provide separate raceways for all wiring systems, including security, data, paging, low

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

voltage et al. All 480Y/277 volt wiring must be kept independent of 208Y/120 volt
Emergency system wiring must be kept independent of the normal system

wiring. Provide grounding conductor within all circuits. Minimum size 3/4-inch for
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3.2

home runs and 1-inch minimum for power distribution. Wiring of each type and
system must be installed in separate raceways.

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

1. Rigid Galvanized Steel Conduit (GRC): Use threaded rigid steel conduit fittings.
Comply with NEMA FB 2.10.

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

EMT: Use setscrew steel fittings. Comply with NEMA FB 2.10.

w

4.  Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with

NEMA FB 2.20.
Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
Install surface raceways only where indicated on Drawings.

Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

INSTALLATION

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

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.

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

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

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

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 8
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G.  Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise
indicated. Install conduits parallel or perpendicular to building lines.

H.  Support conduit within 12 inches of enclosures to which attached.

l. Provide one (1) empty 3/4 inch raceway for each three (3) spare unused poles or spaces
of each flush-mounted panelboard. Terminate empty 3/4 inch conduits in a junction
box, which after completion is accessible to facilitate future branch circuit extension.
Provide pull lines in each raceway.

J. Raceways in hung ceilings shall be installed on and secured to the slab or primary
structural members of the ceiling, not to lathing channels or T-bars, Z-bars or other
elements which are direct supports of the ceiling panels. Secure conduit firmly to the
steel with clips and fittings designed for that purpose. Install as high as possible but
not less than 1'-0" above the hung ceilings.

K. Raceways Embedded in Slabs:

1. Install no raceway in the concrete slab except with the permission of the
Structural Engineer and written consent of the Owner.

2. Do not install raceways larger than 1-1/4 inch size in structural concrete slabs.

3. In no case will the installation of raceways be permitted to interfere with proper
placement of principal reinforcement.

4, Place raceways in the structural slabs between the upper and lower layers of
reinforcing steel. Careful bending of the conduits is required.

5. Space the raceways embedded in concrete slabs not less than eight (8) inches on

centers and as widely spaced as possible where they converge at panels or
junction boxes.

6. Install raceways running parallel to slabs supports, such as beams, columns and
structural walls, not less than 12 inches from such supporting elements.

7. Secure saddle supports for conduit, outlet boxes, junction boxes, inserts, etc. with
suitable adhesives during concrete pour of the slab to prevent displacement.

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

L. Stub-ups to Above Recessed Ceilings:

1. Use EMTfor raceways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated
in hubs or in an enclosure.

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

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

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

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

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

S.  Cut conduit perpendicular to the length. For conduits 2-inch trade size and larger, use
roll cutter or a guide to make cut straight and perpendicular to the length.

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

U.  Surface Raceways:

1. Install surface raceway with a minimum 2-inch radius control at bend points.

2. Secure surface raceway with screws or other anchor-type devices at intervals not
exceeding 48 inches and with no less than two supports per straight raceway
section. Support surface raceway according to manufacturer's written
instructions. Tape and glue are not acceptable support methods.

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

W. Install devices to seal raceway interiors at accessible locations. Locate seals so no
fittings or boxes are between the seal and the following changes of environments. Seal
the interior of all raceways at the following points:
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Where conduits pass from warm to cold locations, such as boundaries of
refrigerated spaces.

Where an underground service raceway enters a building or structure.

Where otherwise required by NFPA 70.

X.  Comply with manufacturer's written instructions for solvent welding RNC and fittings.

Y. Expansion-Joint Fittings:

1.

Install in each run of aboveground RNC that is located where environmental
temperature change may exceed 30 deg F and that has straight-run length that
exceeds 25 feet. Install in each run of aboveground RMC and EMT conduit that is
located where environmental temperature change may exceed 100 deg F and
that has straight-run length that exceeds 100 feet.

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

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature

change.

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

C. Indoor Spaces Connected with Outdoors without Physical Separation: 125

deg F temperature change.
Install fitting(s) that provide expansion and contraction for at least 0.00041 inch
per foot of length of straight run per deg F of temperature change for PVC
conduits. Install fitting(s) that provide expansion and contraction for at least
0.000078 inch per foot of length of straight run per deg F of temperature change
for metal conduits.
Install expansion fittings at all locations where conduits cross building or
structure expansion joints.
Install each expansion-joint fitting with position, mounting, and piston setting
selected according to manufacturer's written instructions for conditions at
specific location at time of installation. Install conduit supports to allow for
expansion movement.

Z.  Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches
flexible conduit for recessed and semirecessed luminaires, equipment subject to
vibration, noise transmission, or movement; and for transformers and motors.

1.
2.

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

AA. OUTLET, JUNCTION, AND PULL BOXES
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Provide outlet, junction, and pull boxes as indicated on the Contract Documents
and as required for the complete installation of the various electrical systems, and
to facilitate proper pulling of the cables. Size the junction boxes and pull boxes
per the NEC. Size the boxes on any empty conduit systems as if containing
conductors of No.4 AWG.

The exact location of outlets and equipment is governed by the structural
conditions and obstructions, or other equipment items. When necessary, relocate
outlets so that when fixtures or equipment are installed, they will be
symmetrically located according to the room layout and will not interfere with
other work or equipment. Verify final location of outlets, panels equipment, etc.,
with the Architect prior to installation.

Back-to-back outlets in the same wall, or "thru-wall" type boxes are not
permitted. Provide 12-inch minimum spacing for outlets shown on opposite
sides of a common wall to minimize sound transmission.

Fit outlet boxes in finished ceilings or walls with appropriate covers, set flush with
the finished surface. Where more than one (1) switch or device is located at one
(1) point, use gang boxes and covers unless otherwise indicated. Sectional switch
boxes or utility boxes are not permitted. Provide tile box or 4 inch square box
with tile ring in masonry walls not plastered or furred. Where drywall material is
utilized, provide plaster ring. Provide outlet boxes of type and size suitable for
the specific application. Where outlet boxes contain two (2) or more 277 volt
devices, or where devices occur of different applied voltages, or where normal
and emergency devices occur in the same box, provide suitable barrier(s).

All outlet and device box depths shall have sufficient depth to prevent damage to

the conductors when devices or utilization equipment are installed as intended in
the box.

Types of Boxes and Fittings for Various Locations:
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Location

Type

Outlet

Galvanized pressed steel

Outlet exposed to moisture
or outdoors

Cast type conduit fitting

Splice

Galvanized pressed steel

Splice exposed to moisture
or outdoors

Cast type conduit fitting or sheet metal
(472" x 5" x 3" minimum)

Pull or Junction

Cast type conduit fitting or sheet metal
(472" x 5" x 3" minimum)

Pull or Junction - Outdoors

Aluminum (42" x 5" x 3" minimum)

Terminal

Sheet steel (6" x 6" x 3" minimum)

Terminal - Outdoors

Aluminum (6" x 6" x 3" minimum)

BB. PULL BOX SPACING

1. Provide pull boxes so no individual conduit run contains more than the
equivalent of four (4) quarter bends (360° total).

2. Conduit Sizes 14" and Larger:
a. Provide boxes to prevent cable from being excessively twisted, stretched or
flexed during installation.

b.  Provide boxes so that maximum pulling tensions do not exceed the cable
manufacturer's recommendations.

C. Provide support racks for boxes with multiple sets of conductors so that the
conductors do not rest on any metal work inside the box.

3. Conduit Sizes 1 inch and Smaller, provide boxes at every (Maximum Distances):

Distance Run Type

150 feet straight runs

100 feet runs with one (1) 90° bend or equivalent

75 feet runs with two (2) 90° bends or equivalent

50 feet runs with three (3) or (4) four 90° bends or
equivalent.

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

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS
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DD. Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry
block, and install box flush with surface of wall. Prepare block surfaces to provide a flat
surface for a raintight connection between box and cover plate or supported
equipment and box.

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

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

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

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

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

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

3.3 INSTALLATION OF UNDERGROUND CONDUIT
A. Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare
trench bottom as specified elsewhere in the project specifications for pipe less
than 6 inches in nominal diameter.

2. Install backfill as specified elsewhere in the project specifications.

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

4, Install manufactured rigid steel conduit elbows for stub-ups at poles and
equipment and at building entrances through floor.
a. For stub-ups at equipment mounted on outdoor concrete bases and where

conduits penetrate building foundations, extend steel conduit horizontally
a minimum of 60 inches from edge of foundation or equipment base.
Install insulated grounding bushings on terminations at equipment.
5. Underground Warning Tape: Comply with requirements in Section 260553
"ldentification for Electrical Systems."
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34 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

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

3.5 FIRESTOPPING

A. Install firestopping at penetrations of all fire-rated floor and wall assemblies, per the
project specifications.

3.6 PROTECTION

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

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.
2. Repair damage to PVC coatings or paint finishes with matching touchup coating

recommended by manufacturer.

END OF SECTION 260533
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SECTION 260543 — UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Metal conduits and fittings, including GRC and PVC-coated steel conduit.
Rigid nonmetallic duct.

Flexible nonmetallic duct.

Duct accessories.

Precast concrete handholes.

Polymer concrete handholes and boxes with polymer concrete cover.

ok wn =

1.2 DEFINITIONS

A.  Direct Buried: Duct or a duct bank that is buried in the ground, without any additional
casing materials such as concrete.

B.  Duct: A single duct or multiple ducts. Duct may be either installed singly or as
component of a duct bank.

C. Duct Bank: Two or more ducts installed in parallel, with or without additional casing
materials.

D.  GRC: Galvanized rigid (steel) conduit.

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

1.3 SUBMITTALS

A.  Product Data:
1. Duct bank materials, including separators and miscellaneous components.
2. Ducts and conduits and their accessories, including elbows, end bells, bends,
fittings, and solvent cement.
3. Warning tape.
4. Warning planks.

B.  Shop drawings for dimension underground structure: including plans, elevations,
sections, details, attachments to other work, and accessories, including the following:
1. Duct entry provisions, including locations and duct sizes.

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 260543 - 1



CSArch

Highland Central School District

197-2201 2022 Capital Improvement Project

2. Reinforcement details.
Grounding details.

w

4. Duct bank coordination drawings showing dimensioned duct profiles and

coordination with other utilities and underground structures. Include plans and
sections drawing to scale, and show bends and locations of expansion fittings.

Submittal results of field tests.

Record documents: show dimensional locations of all underground ducts, handholes,
and manholes.

PART 2 - PRODUCTS

2.1

A.

w

D.

UNDERGROUND DUCT SYSTEM

Contractor shall furnish and install raceways and fittings for an underground duct
system, as indicated on the Contract Drawings and specified herein.

All bends at underground duct system shall be per the manufacturer's bending
requirements.

The minimum bend radius for Telco carrier conduit, under any circumstances shall be
greater than 12 times the conduit diameter. Comply with Utility Company
requirements.

Raceways shall transform from EPC (electrical plastic conduit) PVC to rigid galvanized
steel conduit within 10 feet of any foundation walls. Run EPC PVC duct bank to the
manholes. Contractor shall furnish and install proper couplings to accommodate
aforementioned transition.

Where offsets are required to clear obstructions and other underground services, a
maximum of 5° angle will be allowed at duct joints.

Ducts shall be installed so as to drain to the manholes. Ducts entering into the point of
entry (P.O.E.) room shall be installed with upward slope of minimum of 0.125 inch/foot.

All raceways as previously described shall utilize a mandrel of sufficient size to
thoroughly clear raceways of all obstructions prior to the installation of any wiring.

All concrete construction, excavation and backfill for the underground ductbank system
shall be described under other sections of the project specifications. Red dye shall be
added to the concrete mixture.
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All conduits penetrating into the buildings shall be totally sealed in order to prevent
any migration of water through the ductbank into the building.

J. Prior to backfilling of the underground duct system, provide a yellow (with black,
lettering) warning tape, 1'-0" from finished grade, stating, “CAUTION ELECTRIC LINE
BURIED BELOW" above all electrical ductbank, and "CAUTION TELECOMMUNICATIONS
CABLE BELOW" above all Telecom ductbank.

2.2 CONDUITS

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

B. PVC NEMA TC 2, Type EPC-40-PVC and Type EPC-80-PVC, UL 651, with matching
fittings by the same manufacturer as the conduit, complying with NEMA TC 3 and UL
514B.

2.3 NON-METALLIC DUCTS AND DUCT ACCESSORIES
A. General
B. Schedule EPC-40-PVC conduit shall be used for all concrete encased duct banks.

C.  PVC conduits shall not be used within the building area unless otherwise noted.

D.  All penetrations through floor slabs or foundation walls shall be rigid steel conduits.
No EPC conduit shall be used in or through any floor slab.

E. PVC conduits shall not be allowed under paved areas, which are subjected to vehicular
traffic. Concrete encased rigid steel conduit shall be used.

F.  Acceptable Manufacturers:
1. Carlon Product Corporation
2. Excelon
3. Southern Pipe, Inc.

24 Duct Accessories:

A Duct Separators (Spacers)

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

2. Duct bank shall be encased in concrete with at least three inches of concrete at
the top and bottom and two inches on each side. A horizontal and vertical
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separation between the ducts of 3 inches shall be maintained by installing
Underground Devices High Impact Polystyrene Spacers. Spacers shall be
interlocked horizontally only. Along the length of the duct run spacers shall be
staggered at least 6 inches vertically and shall be placed at an interval of 4
spacers per 20 feet.

3. Telco carrier ducts shall be separated from electrical ducts by a minimum of 36"
and shall cross electrical ductbanks at 90-degree angle only, when unavoidable.

4, In general, duct spacers should be of the type recommended by the conduit

manufacturers and approved by the Utility Company. Maximum spacing for 4" -
6" conduits shall not exceed 10 feet.

PART 3 - EXECUTION

3.1

3.2

A.

UNDERGROUND DUCT APPLICATION

Ducts for Electrical Cables over 600 V: NEMA Type EPC-40 -PVC, in concrete-encased
duct bank unless otherwise indicated.

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

Ducts for Electrical Feeders 600 V and Less: NEMA Type EPC-80-PVC, in direct-buried
duct bank unless otherwise indicated.

Ducts smaller than 2" trade size for Electrical Branch Circuits: NEMA Type EPC-40-PVC,
in direct-buried duct bank unless otherwise indicated.

Ducts smaller 2" and larger trade size for Electrical Branch Circuits: NEMA Type EPC-
80-PVC, in direct-buried duct bank unless otherwise indicated.

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

Excavation and Backfill: Do not use heavy-duty, hydraulic-operated, compaction
equipment.

Restore surface features at areas disturbed by excavation and reestablish original
grades unless otherwise indicated.

Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.
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3.3 DUCT INSTALLATION

A.  Concrete for conduit envelopes shall be as required or as specified under other
Divisions of the project specifications. Red dye shall be added to concrete mixture.
Concrete shall extend at least 3 inches beyond exterior surface of each conduit in bank.

B.  Concrete envelopes may be poured directly against sides of trenches provided the
trench wall is clean, even and free of loose material. Remove loose dirt and extraneous
material. Concrete shall be spaced during pouring to eliminate voids under and
between conduits and to prevent honeycombing of exterior surfaces. Power-driven
tampers or agitators shall not be used. Secure bolts sufficiently to prevent movement
during concrete placement.

C. Concrete envelops between manholes, or between the manhole and building, shall be
poured in a single operation. Where more than one (1) pour is necessary, provide %
inch reinforcing rod dowels extending 18 inches into concrete on each side of joint.
Concrete envelopes installed over extensive area of disturbed earth shall have a
separate concrete base.

D. Concrete envelopes that cross other conduits or pipelines or are run under roads and
driveways shall be reinforced. Provide reinforcement where envelopes connect to
manhole and building walls. Concrete envelopes that terminate for future extension
shall have dowels as specified for joints between pours. Reinforcement shall be as
required; consult with the structural engineer.

E.  Trenches shall not be backfilled until concrete envelopes have had sufficient time to
set. After concrete envelopes have set, nonmetallic conduits shall be cleared with
mandrel of the same size as the conduit.

F. Cap ends of spare conduits 5 feet beyond pavement and protect them from mechanical
damage. Mark the location of conduit ends with concrete monuments, 6 inches in
diameter by 18 inches long, set flush in the ground with “S/C" indented in the top.

G.  Arrange multiple conduits as shown on the Contract Drawings. Make minor changes in
location, or cross-sectional arrangement as necessary. Where conduit runs cannot be
installed as shown because of conditions not discoverable prior to digging of trenches,
request the Architect’s instructions before further work is done. Coordinate this work
with other outside service work.

H.  Seal active and spare conduits that enter the building with oakum or other plastic
expandable compound until conductors are ready for installation.

Provide labeled pull string for all conduits.
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J. Slope: Pitch ducts a minimum slope of 0.125 inch/ft down toward the manholes and

34

handholes and away from the buildings and equipment. Slope ducts from a high point
in runs between two manholes to drain in both directions.

Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use
manufactured long sweep bends with a minimum radius of 12 times the conduit
diameter, both horizontally and vertically, at other locations unless otherwise indicated.

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

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

Building Wall Penetrations: Make a transition from underground duct to rigid steel
conduit at least 10 ft. outside the building wall without reducing duct line slope away
from the building and without forming a trap in the line. Use fittings manufactured for
duct-to-conduit transition.

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

Pulling Cord: Install 100-Ibf test nylon cord in ducts, including spares. Label each line.

Concrete-Encased Ducts:
Support ducts on duct separators.

Separator Installation:  Space separators close enough to prevent sagging and
deforming of ducts, with not less than 5 spacers per 20 ft. of duct. Secure separators to
earth and to ducts to prevent floating during concreting. Stagger separators
approximately 6 inches between tiers. Tie entire assembly together using fabric straps;
do not use tie wires or reinforcing steel that may form conductive or magnetic loops
around ducts or duct groups.

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

Pouring Concrete: Spade concrete carefully during pours. Use a plank to direct
concrete down sides of bank assembly to trench bottom.
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E. Reinforcement: Reinforce concrete-encased duct banks where they cross disturbed
earth and where indicated.

F.  Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting;
otherwise, use forms.

G.  Minimum Space between Ducts: 3 inches between ducts and exterior envelope wall, 2
inches between ducts for like services, and 4 inches between power and signal ducts.

H.  Depth: Install top of duct bank at least 24 inches below the finished grade in areas not
subject to deliberate traffic, and at least 36 inches below finished grade in deliberate
traffic paths for vehicles unless otherwise indicated.

Stub-Ups: Use manufactured rigid steel conduit elbows for stub-ups at poles and

equipment and at building entrances through the floor.

1. Couple steel conduits to ducts with adapters designed for this purpose, and
encase coupling with 3 inches of concrete.

2. For equipment mounted on outdoor concrete bases, extend steel conduit
horizontally a minimum of 60 inches from edge of base. Install insulated
grounding bushings on terminations at equipment.

3.5 Direct-Buried Duct and Duct Bank:

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

B.  Space separators close enough to prevent sagging and deforming of ducts, with not
less than 5 spacers per 20 ft. of duct. Stagger spacers approximately 6 inches between
tiers.

C.  Excavate trench bottom to provide firm and uniform support for duct bank.

D. Install backfill.

E.  After installing first tier of ducts, backfill and compact. After placing last tier, hand-
place backfill to 4 inches over ducts and hand tamp. Firmly tamp backfill around ducts
to provide maximum supporting strength. After placing controlled backfill over final
tier, make final duct connections at end of run and complete backfilling with normal
compaction.

F. Install ducts with a minimum of 3 inches between ducts for like services and 6 inches

between power and signal ducts.
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Depth: Install top of duct bank at least 36 inches below finished grade unless otherwise
indicated.

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

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

1.

Steel conduits to ducts with adapters designed for this purpose and encase
coupling with 3 inches of concrete.

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

GROUNDING

Ground underground ducts in accordance with the “Grounding and Bonding of
Electrical System” specification section.

FIELD QUALITY CONTROL

Perform the following tests and inspections:

1.

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

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

Grounding: Test manhole grounding to ensure electrical continuity of bonding
and grounding connections. Measure ground resistance at each ground rod and
report results. Use an instrument specifically designed for ground-resistance
measurements.

Water Tightness: Make internal inspection of manholes 3 months after
completion of construction for indications of water ingress. Where leakage is
noted, remove water and seal leak sources. Reinspect after 2 months and reseal
remaining leak sources. Repeat process at 2 month intervals until leaks are
corrected.

Correct deficiencies and retest as specified above to demonstrate compliance.
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3.8 CLEANING

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

END OF SECTION 260533
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Sleeves for raceway and cable penetration of non-fire-rated construction walls
and floors.

Sleeve-seal systems.

Sleeve-seal fittings.

Grout.

Silicone sealants.

ik wnn

1.2 SUBMITTALS

A.  Product Data: For each type of product.

PART 2 - PRODUCTS

2.1 SLEEVES
A. Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated,
plain ends.

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

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded
longitudinal joint, with tabs for screw-fastening the sleeve to the board.

C.  PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.
D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

E. Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface
with nailing flange for attaching to wooden forms.
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2.2

2.3

2.4

Sleeves for Rectangular Openings:

1. Material: Galvanized sheet steel.
2. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches and with
no side larger than 16 inches, thickness shall be 0.052 inch.

b.  For sleeve cross-section rectangle perimeter 50 inches or more and one or
more sides larger than 16 inches, thickness shall be 0.138 inch.

SLEEVE-SEAL FITTINGS

Description: Manufactured plastic, sleeve-type, waterstop assembly made for
embedding in concrete slab or wall. Unit shall have plastic or rubber waterstop collar
with center opening to match piping OD.

GROUT

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

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

SILICONE SEALANTS

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric
sealants of grade indicated below.

1. Grade: Pourable (self-leveling) formulation for openings in floors and other
horizontal surfaces that are not fire rated.

Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed,
expand and cure in place to produce a flexible, nonshrinking foam.
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PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS

A.  Comply with NECA 1.

B.  Comply with NEMA VE 2 for cable tray and cable penetrations.

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

1.

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

a. Seal annular space between sleeve and raceway or cable, using joint sealant
appropriate for size, depth, and location of joint. Comply with requirements
in Section 079200 "Joint Sealants."

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

Use pipe sleeves unless penetration arrangement requires rectangular sleeved

opening.

Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and

raceway or cable unless sleeve seal is to be installed.

Install sleeves for wall penetrations unless core-drilled holes or formed openings

are used. Install sleeves during erection of walls. Cut sleeves to length for

mounting flush with both surfaces of walls. Deburr after cutting.

Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches

above finished floor level. Install sleeves during erection of floors.

D.  Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

1.

Use circular metal sleeves unless penetration arrangement requires rectangular
sleeved opening.

2. Seal space outside of sleeves with approved joint compound for gypsum board
assemblies.
E. Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with

flexible boot-type flashing units applied in coordination with roofing work.

F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves
and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.
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G.  Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size
sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for
installing sleeve-seal system.
3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

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

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

33 SLEEVE-SEAL-FITTING INSTALLATION

A.  Install sleeve-seal fittings in new walls and slabs as they are constructed.

B.  Assemble fitting components of length to be flush with both surfaces of concrete slabs
and walls. Position waterstop flange to be centered in concrete slab or wall.

C.  Secure nailing flanges to concrete forms.

D.  Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION 260544
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

1. Color and legend requirements for raceways, conductors, and warning labels and
signs.

Labels.

Bands and tubes.

Tapes and stencils.

Tags.

Signs.

Cable ties.

Paint for identification.

Fasteners for labels and signs.

© NV WN

1.2 SUBMITTALS
A.  Product Data: For each type of product.

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

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

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

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS
A.  Comply with ASME A13.1 and IEEE C2.

B.  Comply with NFPA 70.
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C.  Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
D.  Comply with ANSI Z535.4 for safety signs and labels.
E.  Comply with NFPA 70E requirements for arc-flash warning labels.

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

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

1. Temperature Change: 120 deg F, ambient; 180 deg F, material surfaces.

2.2 COLOR AND LEGEND REQUIREMENTS
A.  Raceways and Cables Carrying Circuits at 600 V or Less:

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

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

1. Color shall be factory applied.
2. Colors for 208/120-V Circuits:
a. Phase A: Black.
b. Phase B: Red.
C. Phase C: Blue.
3. Colors for 240-V Circuits:
a. Phase A: Black.
b. Phase B: Red.
4. Colors for 480/277-V Circuits:

a. Phase A: Brown.
b.  Phase B: Orange.
C. Phase C: Yellow.

5.  Color for Neutral: White.
Color for Equipment Grounds: Green.
7. Colors for Isolated Grounds: Green with white stripe.

o

C.  Warning Label Colors:

1. Identify system voltage with black letters on an orange background.
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D.  Warning labels and signs shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

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

2.3 LABELS

A.  Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather-
and chemical-resistant coating and matching wraparound clear adhesive tape for
securing label ends.

B. Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeves,
with diameters sized to suit diameters and that stay in place by gripping action.

C.  Self-Adhesive Wraparound Labels: Preprinted, 3-mil-thick, polyester or vinyl flexible
label with acrylic pressure-sensitive adhesive.

1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating,
protective shield over the legend. Labels sized such that the clear shield overlaps
the entire printed legend.

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

D. Self-Adhesive Labels:  Polyester or Vinyl, thermal, transfer-printed, 3-mil-thick,
multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured
for intended use and location.

1. Minimum Nominal Size:
a. 1-1/2 by 6 inches for raceway and conductors.
b.  3-1/2 by 5 inches for equipment.
c.  Asrequired by authorities having jurisdiction.

2.4 BANDS AND TUBES

A.  Snap-around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic
sleeves, 2 inches long, with diameters sized to suit diameters and that stay in place by
gripping action.

B.  Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed
identification labels, sized to suit diameter and shrunk to fit firmly. Full shrink recovery
occurs at a maximum of 200 deg F. Comply with UL 224.
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2.5

2.6

A.

TAPES AND STENCILS

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

Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than
3 mils thick by 1 to 2 inches wide; compounded for outdoor use.

Tape and Stencil: 4-inch-wide black stripes on 10-inch centers placed diagonally over
orange background and is 12 inches wide. Stop stripes at legends.

Floor Marking Tape: 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with black and
white stripes and clear vinyl overlay.

Underground-Line Warning Tape:

1. Tape:

a. Recommended by manufacturer for the method of installation and suitable
to identify and locate underground electrical and communications utility
lines.

b.  Printing on tape shall be permanent and shall not be damaged by burial
operations.

C. Tape material and ink shall be chemically inert and not subject to
degradation when exposed to acids, alkalis, and other destructive
substances commonly found in soils.

2. Color and Printing:

a.  Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z5354, and
ANSI Z535.5.

. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE".

C. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE".

Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height
shall be 1 inch.
TAGS

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

Nonmetallic Preprinted Tags: Polyethylene tags, 0.015-inch-thick, color-coded for
phase and voltage level, with factory printed permanent designations; punched for use
with self-locking cable tie fastener.
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C.  Write-on Tags:

1. Polyester Tags: 0.010-inch-thick, with corrosion-resistant grommet and cable tie
for attachment.

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

2.7 SIGNS

A.  Baked-Enamel Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend,
and size required for application.
2. 1/4-inch grommets in corners for mounting.

3. Nominal Size: 7 by 10 inches.
B.  Metal-Backed Butyrate Signs:

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs, with
0.0396-inch galvanized-steel backing, punched and drilled for fasteners, and with
colors, legend, and size required for application.

2. 1/4-inch grommets in corners for mounting.

3. Nominal Size: 10 by 14 inches.

C.  Laminated Acrylic or Melamine Plastic Signs:

1. Engraved legend.
2. Thickness:
a. For signs up to 20 sq. in., minimum 1/16 inch.
b For signs larger than 20 sq. in., 1/8 inch thick.
C. Engraved legend with black letters on white face.
d Punched or drilled for mechanical fasteners with 1/4-inch grommets in
corners for mounting.
e. Framed with mitered acrylic molding and arranged for attachment at
applicable equipment.

2.8 CABLE TIES

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

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

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

1. Minimum Width: 3/16 inch.

2.  Tensile Strength at 73 Deg F according to ASTM D 638: 12,000 psi.
3. Temperature Range: Minus 40 to plus 185 deg F.

4.  Color: Black.

C.  Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking.

Minimum Width: 3/16 inch.

Tensile Strength at 73 Deg F according to ASTM D 638: 7000 psi.
UL 94 Flame Rating: 94V-0.

Temperature Range: Minus 50 to plus 284 deg F.

Color: Black.
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2.9 MISCELLANEOUS IDENTIFICATION PRODUCTS

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

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

PART 3 - EXECUTION

3.1 PREPARATION

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

3.2 INSTALLATION

A.  Verify and coordinate identification names, abbreviations, colors, and other features
with requirements in other Sections requiring identification applications, Drawings,
Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance
manual. Use consistent designations throughout Project.
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B.  Install identifying devices before installing acoustical ceilings and similar concealment.
C.  Verify identity of each item before installing identification products.

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and
operation and maintenance manual.

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

F. Install signs with approved legend to facilitate proper identification, operation, and
maintenance of electrical systems and connected items.

G.  System lIdentification for Raceways and Cables under 600 V: Identification shall
completely encircle cable or conduit. Place identification of two-color markings in
contact, side by side.

1. Secure tight to surface of conductor, cable, or raceway.

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

Emergency Operating Instruction Signs: Install instruction signs with white legend on a
red background with minimum 3/8-inch-high letters for emergency instructions at
equipment used for power transfer.

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

K. Accessible Fittings for Raceways: Identify the covers of each junction and pull box of
the following systems with the wiring system legend and system voltage. System
legends shall be as follows:

1. "EMERGENCY POWER."
2. "POWER."
3. "UPS"

L. Vinyl Wraparound Labels:

1. Secure tight to surface of raceway or cable at a location with high visibility and
accessibility.

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

M.  Snap-around Labels: Secure tight to surface at a location with high visibility and

accessibility.
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N.  Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high
visibility and accessibility.

O. Self-Adhesive Labels:

1. On each item, install unique designation label that is consistent with wiring
diagrams, schedules, and operation and maintenance manual.

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters
on 1-1/2-inch-high label; where two lines of text are required, use labels 2 inches
high.

P.  Snap-around Color-Coding Bands: Secure tight to surface at a location with high
visibility and accessibility.

Q.  Heat-Shrink, Preprinted Tubes: Secure tight to surface at a location with high visibility
and accessibility.

R. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility.

S. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and
accessibility.

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches where splices or taps are made. Apply last two
turns of tape with no tension to prevent possible unwinding.

T. Tape and Stencil: Comply with requirements in painting Sections for surface
preparation and paint application.

U.  Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written
instructions.

V.  Underground Line Warning Tape:

1. During backfilling of trenches, install continuous underground-line warning tape
directly above cable or raceway at 6 to 8 inches below finished grade. Use
multiple tapes where width of multiple lines installed in a common trench or
concrete envelope exceeds 16 inches overall.

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

W. Metal Tags:
1. Place in a location with high visibility and accessibility.

X. Nonmetallic Preprinted Tags:
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1. Place in a location with high visibility and accessibility.

Y. Baked-Enamel Signs:

1. Attach signs that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.
2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters

on minimum 1-1/2-inch-high sign; where two lines of text are required, use signs
minimum 2 inches high.

Z.  Metal-Backed Butyrate Signs:

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

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters
on 1-1/2-inch-high sign; where two lines of text are required, use labels 2 inches
high.

AA. Laminated Acrylic or Melamine Plastic Signs:

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

2. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters
on 1-1/2-inch-high sign; where two lines of text are required, use labels 2 inches
high.

BB. Cable Ties: General purpose, for attaching tags, except as listed below:

1. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.

END OF SECTION 260553
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SECTION 260573 - ELECTRICAL POWER SYSTEM STUDY

PART 1 - GENERAL

1.1

1.2

1.3

SUMMARY

A.

Furnish an Electrical Power System Study for the electrical distribution system as
defined herein.

The study shall begin at the point of electrical service for the facility (utility
transformer secondary bushing) and include all downstream distribution and
branch panelboards, motor control centers and significant motor locations (50HP
and larger). In addition, all equipment that is required to be rated for the
available fault current shall be evaluated in the study including but not limited to
transformers, enclosed switches, individual motor controllers, contactors, variable
speed drives, and enclosed circuit breakers. The project study shall include all
generators and any associated emergency power distribution equipment,
including automatic transfer switches.

Where any part of the electrical system is served by multiple power sources, the
system configuration that delivers the highest level of fault current shall be used
for the evaluation.

SUBMITTALS

A.

The final report shall be indexed and contain individual, tabbed sections. The
tabbed sections shall contain the information as outlined in Part 2 of this
document including the following:

1. Firm Name, Address, Phone Number and Professional Engineer's
signature and seal of the registered professional Engineer that performed
the study,

2. Method used to perform the study and analysis,

3. Short-circuit analysis with protective device evaluation,

4. Protective device coordination study,

5. Arc Flash Analysis,

6. Input Data,

7. One-line diagram.

REFERENCE STANDARDS
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All studies shall be performed in accordance with the latest applicable industry
standards including the following:

1. IEEE/ANSI Std 242 - Recommended Practice for Protection and
Coordination of Industrial and Commercial Power Systems

2. NEMA AB 3 — AB 3 Molded Case Circuit Breakers and their Application

3. NFPA 70 — National Electrical Code

4. NFPA 70E — Standard for Electrical Safety in the Workplace

14  QUALITY ASSURANCE

A.

Preparer Qualifications: Firm experienced in the analysis, evaluation, and
coordination of electrical distribution systems.

Short-Circuit Analysis, Arc Flash Analysis and Coordination Study shall be
performed by a New York State registered Professional Engineer. Study shall be
signed and sealed by the Engineer. The Engineer shall have a minimum of eight
years' experience in the analysis, evaluation, and coordination of electrical
distribution systems.

PART 2 - PRODUCTS

2.1 MANUFACTURER

A.

If it complies with the specifications, the engineering study specified herein shall
be prepared by the manufacturer providing the electrical switchboards and
panelboards for this project or manufacturer’s authorized engineer.

2.2 SHORT-CIRCUIT ANALYSIS WITH PROTECTIVE DEVICE EVALUATION

A.

The study shall be submitted with the electrical service and distribution
equipment submittal and shall indicate where device substitutions are being
made in order to achieve adequate interrupting capacity ratings for each piece of
equipment.

The study shall include recommended settings of adjustable overcurrent and
ground fault devices.

Provide overcurrent protective devices of suitable type and rating to meet or
exceed the available short circuit currents indicated in the short circuit study.
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Interrupting capacities shall be based on a fully rated protection system where all
overcurrent protection devices are rated for the full prospective short circuit
current (as indicated in the final short circuit submittal). Series-rated panelboards
are not permitted.

Obtain from the utility company (and confirm in writing) the short circuit current
available at the utility company’s transformer secondary.

Systematically calculate fault currents based on the available fault current at the
facility service entrance. Study preparer shall obtain the maximum available fault
current and power factor or X/R ratio of the fault current at the service entrance
from the local utility.

Motor contribution for motors 50HP and larger shall be incorporated in
determining fault levels.

Evaluate the distribution device and equipment ratings compared to the
calculated fault current and make recommendations where equipment is
overdutied.  Analyze the short-circuit currents by preparing a tabulation
comparing the fault levels to the device interrupting ratings. Indicate equipment
in which series ratings are utilized.

When the power factor or X/R ratio of the maximum symmetrical fault calculated
at the device location is determined to be more inductive than that used to
establish the device interrupting rating adjust the available short circuit current in
accordance with ANSI/IEEE standard 242.

Calculations shall be presented in tabular form and shall include:

Location identification

Voltage

Manufacturer and type of equipment

Equipment short-circuit current rating

Calculated short-circuit current (and adjustments due to high X/R ratio
where required)

Calculated X/R ratio of the fault

Indicate if series ratings are used

8. Recommendations where equipment is calculated to be overdutied

vk wn =
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PROTECTIVE DEVICE COORDINATION STUDY

A.

The study shall be submitted with the electrical service and distribution
equipment submittal and shall indicate where device substitutions are being
made in order to achieve coordination for each piece of equipment.
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Prepare coordination time-current characteristic curves to determine the required
settings of the protective devices to achieve selectivity. The utility upstream
protective device feeding the facility shall be maintained as the upper limit for
coordination. These settings shall be obtained by the preparer, along with any
other protective device setting requirements. The coordination curves shall be
prepared on log-log paper and illustrate adequate clearing times between series
devices. The curves provided shall reflect actual protective devices (manufacturer
and model number) to be installed. Adequate time-current curves shall be
generated to depict coordination.

Circuit breakers and fuses serving the emergency power system as well as circuit
breakers protecting elevators, including all upstream feeder circuit breakers, shall
be of the appropriate frame size to ensure 100 percent selectivity in the
instantaneous region of the trip curves at the calculated fault current.
Coordination study shall demonstrate selective coordination is achieved and shall
include the effects of ground fault protection devices indicated on the Drawings.

The study shall include recommended settings of adjustable overcurrent and
ground fault devices.

The coordination study shall include ground fault protection coordination and
recommended device settings for the devices provided with ground fault
protection.

Protective device characteristics shall be plotted to reflect calculated short-circuit
levels at the location.

A narrative analysis shall accompany each coordination curve sheet and describe
the coordination and protection. All curve sheets shall be multi-color or use
hatching for improved clarity. Areas lacking complete coordination shall be
highlighted and reasons provided for allowing condition to remain or provide
recommendations to improve coordination.

The following information shall be provided on all curve sheets.

Device identification and associated settings/size.
Voltage at which curves are plotted.

Current multiplier.

ANSI frequent fault damage curve.

Cable insulation damage curves.

Transformer inrush point.

Single-line for the portion of the system.

Motor starting profiles (where applicable).

© No vk W=

ELECTRIC POWER SYSTEM STUDY 260573-4



CSArch
197-2201

Highland Central School District
2022 Capital Improvement Project

The recommended device settings shall be provided in tabular form and shall
include:

Location Identification

Voltage

Device Manufacturer

Device catalog number/series

Adjustable long time pickup and delay
Adjustable short time pickup and delay
Adjustable ground fault pickup and delay
Adjustable instantaneous pickup

© N Uk W=

2.4 ARC FLASH ANALYSIS

A.

An arc flash analysis shall be performed based on the short circuit values and
device settings in conjunction with a short circuit and coordination study. The
results from the short circuit and coordination study shall be used to determine
arc energy levels at each power distribution location in the facility where work
could be performed on energized parts.

Where any part of the electrical system is served by multiple power sources the
system configuration that delivers the highest level of arc flash incident energy
shall be used for the evaluation. Include significant motor contribution in the
calculations.

For each location with a main device, the line and load side fault contributions
shall be included in the calculations.

Arc Flash Calculation results shall be presented in tabular form and shall include:

Location identification
Voltage

Arcing fault magnitude
Protective device clearing time
Duration of arc

Arc flash boundary

Working distance

Incident energy

Hazard Risk Category

W ooONYUAWN =

Arc Flash Warning Labels shall be provided as part of the report. Labels shall be
provided in accordance with ANSI Z535.4. The labels shall be 3.5-inch x 5-inch
thermal transfer type labels of high adhesion polyester for each work location
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analyzed. Labels shall be machine printed with no field markings. The labels
shall include the following information:

Location designation
Nominal voltage

Flash protection boundary
Hazard risk category
Incident energy

Working distance

oA~ wWN =

2.5 INPUT DATA

A. The study shall be conducted based on the equipment and conductors being
installed. Input data for the report shall be compiled from the contractor,
manufacturers, and codes and standards as required providing the studies and
conducting a proper evaluation.

B. Conductor lengths, sizes, material, and raceway information shall be provided by
the Electrical Subcontractor to the engineer performing the study so that the
study is performed based on the final installation.

C. Input data used for the studies shall be provided in the final report. The input
data for the report shall include supporting data from the manufacturer used for
the evaluation, lengths of all feeders provided by the contractor, transformer
data, motor data, utility company and motor generator data and any other
supporting data to the report.

2.6 SINGLE-LINE DIAGRAM

A. The final report shall include a single-line diagram of the electrical distribution
system within the scope of the project. The single-line shall include:

1. Transformer rating, voltage ratio, impedance, and winding connection.

2. Feeder cables per phase, neutral and ground sizes, length of cable,
conductor material, and conduit size and type.

3. Switchboards, panelboards, MCC's, individual motor controllers, variable
speed drives, fuses, circuit breakers, ATS's and enclosed switches.

4, Protective relays with appropriate device numbers and CT's and PT's with
associated ratios.

5. Motor identification and horsepower used in the evaluation.

PART 3 - EXECUTION
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3.1 INSTALLATION

A. The electrical equipment and protective devices shall not be installed prior to
confirmation of adequate equipment fault ratings as specified herein.

3.2 FIELD SETTINGS

A. Adjustments shall be made to the protective devices as required for placing the
equipment in final operating condition. The settings shall be in accordance with
the approved short circuit study and protective device evaluation / coordination
study.

B. Arc Flash Labels shall be affixed to the equipment after the study is approved by
the Engineer.

1. One label shall be affixed at a height and location that is clearly visible on
the front of panelboards, switchboards, switchgear, motor control centers
and other electrical equipment that is less than 8 feet in length unless
otherwise noted.

2. Switchboards, motor control centers, and switchgear that are longer than
6 feet shall have labels affixed at a height and location that is clearly
visible on the front of the equipment at each end of the equipment.

3. Unit Substations shall have different labels associated with the primary,
transformer, and secondary equipment.

4. Transformers shall be labeled based on the high voltage side of the
transformer.

5. Labels shall be affixed at similar locations on each type of equipment. For

example, multiple panelboards of similar size shall have labels located at
the same location on the front of each panelboard cover.

6. Where multiple labels are affixed to equipment, the labels shall be
identical and identify the worse case information for that equipment.
7. Where equipment is rear connected affix labels on both the front and rear

of the equipment. Locate the labels on the rear at a similar height and
location as on the front.

8. Label each plug-in section of busway. Affixed at a height and location
that is clearly visible. Labels shall be affixed on both sides of the busway.

C. Device settings and adjustments and affixing of Arc Flash Hazard Labels shall be
by the manufacturer or the manufacturer's authorized service and testing
organization.

END OF SECTION 260573
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SECTION 260923 - LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

ok wn =

Photoelectric switches.

Standalone daylight-harvesting dimming controls.
Indoor occupancy and vacancy sensors.
Switchbox-mounted occupancy sensors.

Digital timer light switches.

Emergency shunt relays.

1.2 SUBMITTALS

A.  Product Data: For each type of product.

B.  Shop Drawings:

1.

Show installation details for the following:

a. Daylight-harvesting dimming controls.
b.  Occupancy sensors.
c.  Vacancy sensors.

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

1.3 CLOSEOUT SUBMITTALS

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

B.  Software and Firmware Operational Documentation:

1.
2.

w

Software operating and upgrade manuals.

Program Software Backup: On USB media or on manufacturer's website. Provide
names, versions, and website addresses for locations of installed software.

Device address list.

Printout of software application and graphic screens.

LIGHTING CONTROL DEVICES 260923 - 1
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1.4 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: Five (5) years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

2.2

A.

A.

OUTDOOR PHOTOELECTRIC SWITCHES

Description: Solid state, with dry contacts, to operate connected relay, contactor coils,
or microprocessor input; complying with UL 773A, and compatible with ballasts and
LED lamps.

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

2. Light-Level Monitoring Range: 1.5 to 10 fc, with an adjustment for turn-on and

turn-off levels within that range, and a directional lens in front of the photocell to

prevent fixed light sources from causing turn-off.

Time Delay: Fifteen-second minimum, to prevent false operation.

Surge Protection: Metal-oxide varistor.

5. Mounting: Twist lock complies with NEMA C136.10, with base-and-stem
mounting or stem-and-swivel mounting accessories as required to direct sensor
to the north sky exposure.

6.  Failure Mode: Luminaire stays ON.

> w

DAYLIGHT-HARVESTING DIMMING CONTROLS

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

1. Lighting control set point is based on 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.

LIGHTING CONTROL DEVICES 260923 - 2
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B.  Ceiling-Mounted Dimming Controls: Solid-state, light-level sensor unit, with integrated
or separate power pack mounted on luminaire, 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.

D. Power Pack: Dry contacts rated for 20A ballast or LED load at 120V and 277V AC, for
13A tungsten at 120V AC, and for 1 HP at 120V AC. Sensor has 24V DC, 150mA, Class 2
power source, as defined by NFPA 70.

1. LED status lights to indicate load status.
2. Plenum rated.

E. Power Pack: Digital controller capable of accepting 3 RJ45 inputs with two outputs
rated for 20A incandescent or LED load at 120V and 277V AC, for 16A ballast load or
LED at 120V and 277V AC, and for 1 HP at 120V AC. Sensor has 24V DC Class 2 power
source, as defined by NFPA 70.

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

2.3 INDOOR OCCUPANCY AND VACANCY SENSORS

A.  General Requirements for Sensors:

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

Dual technology.

Integrated or Separate power pack.

Hardwired or Wireless connection to switch and BAS; and BAS and lighting

control system.

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

6.  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 30
minutes.

HwnN =
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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 30 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 30 minutes.

Power: Low voltage or Line voltage.

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 100 fc; turn lights off when

selected lighting level is present.

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

1.
2.

Sensitivity Adjustment: Separate for each sensing technology.

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.
Detection Coverage: Select sensor(s) to provide full coverage of room and detect
occupancy anywhere within the room where installed.

2.4 SWITCHBOX-MOUNTED OCCUPANCY SENSORS

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

1.

Listed and labeled as defined in NFPA 70, by a qualified testing agency, and
marked for intended location and application.
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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 30 minutes.
Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F.

Sensing Technology — Dual Technology.

2.5 DIGITAL TIMER LIGHT SWITCH

A.  Description: Combination digital timer and conventional switch lighting control unit.
Switchbox-mounted, backlit LCD display, with selectable time interval.

1.

10.

11.

12.

13.

14.

Listed and labeled as defined in NFPA 70 and marked for intended location and
application.

The digital time switch shall be programmable to turn lights off after a preset
time.

Time switch shall be a completely self-contained control system that replaces the
standard toggle switch. It shall have a ground wire and ground strap for safety.
Switching mechanism shall be a latching air gap relay.

Zero Crossing Circuitry shall be used to increase the relay life, protect from the
effects of inrush current, and increase the switch’s longevity.

Time switch shall be compatible with all electronic ballasts, motor loads, compact
fluorescent and inductive loads. Triac and other harmonic generating devices
shall not be allowed.

Time switch shall have no minimum load requirement and shall be capable of
controlling all types of light sources.

Time scroll feature shall allow manual overriding of the preset time-out period.
Time switch shall have the option for a one second light flash warning at five
minutes before the timer runs out and twice when the countdown reaches one
minute (when used to control lighting loads).

Time switch shall have the option for a beep warning that shall sound every five
seconds once the time switch countdown reaches one minute.

Time switch shall have manual feature for timer reset where pressing the ON/OFF
switch for more than 2 seconds resets the timer to the programmed time-out
period.

Time switch shall have an electroluminescent backlit Liquid Crystal Display that
shows the timer’s countdown.

Time switch shall fit behind a decorator style faceplate. The calibration switch for
setting time-out, time scroll, one second light flash, and beep warning shall be
concealed to prevent tampering of adjustments and hardware.

Time-out period shall be adjustable in increments of 5 minutes from 5 minutes to
1 hour, and in increments of 15 minutes from 1 hour to 12 hours.

Time switch shall be capable of operating as an ON/OFF switch.

LIGHTING CONTROL DEVICES 260923 -5



CSArch

Highland Central School District

197-2201 2022 Capital Improvement Project

2.6

A.

PART 3 -

3.1

A.

B.

C.

3.2

A.

B.

C.

3.3

A.

B.

15.  For safety, the time switch shall have a 100% OFF override switch with no leakage
current to the load.

16. For safety, in the event there is an open circuit in the AC line such as a ballast or
lamp failure, the time switch shall automatically switch to OFF mode

EMERGENCY SHUNT RELAY

Description: NC, electrically held relay, arranged for wiring in parallel with manual or
automatic switching contacts; complying with UL 924.

1. Coil Rating: 120 and 277 V.

EXECUTION

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.

WIRING INSTALLATION
Comply with NECA 1.

Wiring Method: Comply with Section 260519 "Low-Voltage Electrical Power Conductors
and Cables." Minimum conduit size is 3/4 inch.

LIGHTING CONTROL DEVICES 260923 - 6
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3.5

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.

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
"ldentification 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.

LIGHTING SYSTEM FUNCTIONAL TESTING

The lighting control system manufacturer, manufacturer’'s authorized representative, or
a qualified testing agency shall perform all functional testing required by the 2015
International Energy Conservation Code, Section C408.

Functional Testing:

1. Prior to passing final inspection, the manufacturer's authorized representative
shall provide evidence that the lighting control systems have been tested to
ensure that control hardware and software are calibrated, adjusted, programmed
and in proper working condition in accordance with the construction documents
and manufacturer’s instructions.

Occupancy Sensor Controls:

1. Certify that the occupancy sensors have been located and aimed in accordance
with manufacturer recommendations.

a. For projects with seven or fewer sensors, each sensor shall be tested.

b.  For projects with more than seven sensors, testing shall be done for each
unique combination of sensor type and space geometry. Where multiples
of each unique combination of sensor type and space geometry are
provided, not less than 10 percent, but in no case less than one, of each

LIGHTING CONTROL DEVICES 260923 -7
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combination shall be tested. Where 30 percent or more of the tested
controls fail, all remaining identical combinations shall be tested.

2. For occupancy sensor controls to be tested, verify the following:
a.  Where occupancy sensor controls include status indicators, verify correct
operation.

b.  The controlled lights turn off or down to the permitted level within the
required time.

C. For auto-on sensors, the lights turn on to the permitted level when an
occupant enters the space.

d.  For manual-on sensors, the lights turn on only when manually activated.
e.  The lights are not incorrectly turned on by movement in adjacent areas or

by HVAC operation.

D. Time Switch Controls:

1. Where time switch controls are provided, the following procedures shall be
performed:
a. Confirm that the time-switch control is programmed with accurate

weekday, weekend and holiday schedules.

b.  Provide documentation to the owner of time switch controls programming
including weekday, weekend, holiday schedules, and set-up and preference
program settings.

C. Verify the correct time and date in the time switch.
d.  Verify that any battery backup is installed and energized.
e.  Verify that the override time limit is set to not more than 2 hours.
2. Simulate occupied condition. Verify and document the following:
a.  All lights can be turned on and off by their respective area control switch.

b.  The switch only operates lighting in the enclosed space in which the switch

is located.
3. Simulate unoccupied condition. Verify and document the following:
a. Nonexempt lighting turns off.

b.  Manual override switch allows only the lights in the enclosed space where
the override switch is located to turn on or remain on until the next
scheduled shutoff occurs.

E. Daylight Responsive Controls:

LIGHTING CONTROL DEVICES 260923 - 8
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1. Where daylight responsive controls are provided, the following shall be verified:

3.6

a.  Control devices have been properly located, field calibrated and set for
accurate set points and threshold light levels.

b.  Daylight controlled lighting loads adjust to light level set points in response
to available daylight.

C. The locations of calibration adjustment equipment are readily accessible
only to authorized personnel.
Documentation Requirements:

1. Documents certifying that the lighting controls meet documented performance
criteria of the IECC are to be provided to the building owner within 90 days from
the date of receipt of the certificate of occupancy.

TRAINING

The lighting control system manufacturer or the manufacturer's authorized
representative shall conduct formal training for all users of the automatic lighting
control systems.

END OF SECTION 260923
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A.  Section Includes: Distribution dry-type transformers rated 600V and less, with
capacities up to 1500 kVA.

1.3 SUBMITTALS

A.  Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes for each type and size of transformer.
2. Include rated nameplate data, capacities, weights, dimensions, minimum

clearances, installed devices and features, and performance for each type and size
of transformer.

B.  Shop Drawings:

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

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

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

14 FACTORY TESTING
A.  Ratio tests at the rated voltage connection and at all tap locations.
B.  Polarity and phase relation tests on the rated voltage connection.
C.  Applied and induced potential tests.

D. No-load and excitation current at rated voltage on the rated voltage connection.

LOW-VOLTAGE TRANSFORMERS 262200 - 1
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E.

1.5

A.

1.6

A.

PART 2 -

2.1

A.

B.

2.2

Sufficient information on the vibration isolators for the design to be checked for
approval.

QUALITY ASSURANCE
Testing Agency Qualifications: Accredited by NETA.

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

DELIVERY, STORAGE, AND HANDLING

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

PRODUCTS

MANUFACTURERS

Transformers supplied shall be from the same manufacturer as the project switchboard
and panelboards unless otherwise noted on the drawings.

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

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

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.

Efficiency: Transformers Rated 15 kVA and larger must comply with DOE 2016 Efficiency
energy-efficiency levels.

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

Coils: Continuous windings without splices except for taps.

1. Internal Coil Connections: Brazed or pressure type.

LOW-VOLTAGE TRANSFORMERS 262200 - 2
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2. Coil Material: Copper.

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

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

2.3 DISTRIBUTION TRANSFORMERS
A.  Comply with NFPA 70, and list and label as complying with UL 1561.
B.  Cores: One leg per phase.
C.  Enclosure: Ventilated.

1. NEMA 250, Type 2: Core and coil shall be encapsulated within resin compound to
seal out moisture and air.
2. KVA Ratings: Based on convection cooling only and not relying on auxiliary fans.

D.  Transformer Enclosure Finish: Comply with NEMA 250.
1. Finish Color: NSF/ANSI 61 gray.
E.  Taps for Transformers 3 kVA and Smaller: None.

F. Taps for Transformers 7.5 to 24 kVA: One 5 percent tap above and one 5 percent tap
below normal full capacity.

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

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

Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized insulation
system with a maximum of 115-deg C rise above 40-deg C ambient temperature.

J. Electrostatic Shielding: Each winding shall have an independent, single, full-width
copper electrostatic shield arranged to minimize interwinding capacitance.

1. Arrange coil leads and terminal strips to minimize capacitive coupling between
input and output terminals.
2. Include special terminal for grounding the shield.

LOW-VOLTAGE TRANSFORMERS 262200 - 3
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K. Wall Brackets: Manufacturer's standard brackets.
L. Fungus Proofing: Permanent fungicidal treatment for coil and core.

M.  Low-Sound-Level Requirements: Maximum sound levels when factory tested according
to IEEE C57.12.91, as follows:

Up to 50 kVA: 45dB.

51 to 150 kVA: 50dB.
151 to 300 kVA: 55dB.
301 to 500 kVA: 60dB.
501 to 700 kVA: 62dB.
701 to 1000 kVA: 64dB.
1001 to 1500 kVA: 65dB.

Nowuvs~wN =

2.4 IDENTIFICATION DEVICES

A.  Nameplates: Engraved, laminated-plastic or metal nameplate for each distribution and
buck-boost transformer, mounted with corrosion-resistant screws.

2.5 SOURCE QUALITY CONTROL

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

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

2. Ratio tests at the rated voltage connections and at all tap connections.

3. Phase relation and polarity tests at the rated voltage connections.

4, No load losses, and excitation current and rated voltage at the rated voltage
connections.

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

voltage connections.
6.  Applied and induced tensile tests.
Regulation and efficiency at rated load and voltage.
8. Insulation Resistance Tests:
a. High-voltage to ground.
b.  Low-voltage to ground.
C. High-voltage to low-voltage.
9.  Temperature tests.

~

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

LOW-VOLTAGE TRANSFORMERS 262200 - 4



CSArch

Highland Central School District

197-2201 2022 Capital Improvement Project

PART 3 - EXECUTION

3.1

A.

3.2

EXAMINATION

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

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

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

Verify that ground connections are in place and requirements in the project
specifications have been met. Maximum ground resistance shall be 5 ohms at location
of transformer.

Environment: Enclosures shall be rated for the environment in which they are located.
Covers for NEMA 250, Type 4X enclosures shall not cause accessibility problems.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Install wall-mounted transformers level and plumb with wall brackets fabricated by
transformer manufacturer.

1. Coordinate installation of wall-mounted and structure-hanging supports with
actual transformer provided.

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

Construct concrete bases according to the contract documents and anchor floor-
mounted transformers according to manufacturer's written instructions.

1. Coordinate size and location of concrete bases with actual transformer provided.
Cast anchor-bolt inserts into bases. Concrete, reinforcement, and formwork
requirements are specified with concrete.

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

Secure covers to enclosure and tighten all bolts to manufacturer-recommended
torques to reduce noise generation.
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F. Remove shipping bolts, blocking, and wedges.

3.3 CONNECTIONS

A.  Ground equipment according to the project specifications.

B.  Connect wiring according to the project specifications.

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

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

34 ADJUSTING

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

B.  Output Settings Report: Prepare a written report recording output voltages and tap
settings.

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

END OF SECTION 262200
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SECTION 262413 - SWITCHBOARDS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

NouvswN =

Service and distribution switchboards rated 600 V and less.
Surge protection devices.

Disconnecting and overcurrent protective devices.
Instrumentation.

Control power.

Accessory components and features.

Identification.

1.2 SUBMITTALS

A. Product Data: For each switchboard, overcurrent protective device, surge protection
device, ground-fault protector, accessory, and component.

1.

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

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

1.

w

Include dimensioned plans, elevations, sections, and details, including required
clearances and service space around equipment. Show tabulations of installed
devices, equipment features, and ratings.

Detail enclosure types for types other than NEMA 250, Type 1.

Detail bus configuration, current, and voltage ratings.

Detail short-circuit current rating of switchboards and overcurrent protective
devices.

Include descriptive documentation of optional barriers specified for electrical
insulation and isolation.

Detail utility company's metering provisions with indication of approval by utility
company.

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

Include time-current coordination curves for each type and rating of overcurrent
protective device included in switchboards. Submit on translucent log-log graft
paper; include selectable ranges for each type of overcurrent protective device.
Include schematic and wiring diagrams for power, signal, and control wiring.
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C.  Delegated Design Submittal:

1. For arc-flash hazard study.
2. For arc-flash labels.

D.  Utility company approval for components subject to their specifications.
E. Qualification Data: For Installer and testing agency.

F. Field Quality-Control Reports:

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

comply with requirements.

1.3 CLOSEOUT SUBMITTALS

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

1. In addition to items specified in other sections, include the following:
a. Routine maintenance requirements for switchboards and all installed
components.

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

C. Time-current coordination curves for each type and rating of overcurrent
protective device included in switchboards. Submit on translucent log-log
graft paper; include selectable ranges for each type of overcurrent
protective device.

14 MAINTENANCE MATERIAL SUBMITTALS

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

1. Potential Transformer Fuses: Equal to 10 percent of quantity installed for each
size and type but no fewer than two of each size and type.

2. Control-Power Fuses: Equal to 10 percent of quantity installed for each size and
type, but no fewer than two of each size and type.

3. Fuses and Fusible Devices for Fused Circuit Breakers: Equal to 10 percent of
quantity installed for each size and type but no fewer than three of each size and
type.
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4.  Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size
and type but no fewer than three of each size and type.

5. Fuses for Fused Power-Circuit Devices: Equal to 10 percent of quantity installed
for each size and type but no fewer than three of each size and type.

6. Indicating Lights: Equal to 10 percent of quantity installed for each size and type
but no less than one of each size and type.

1.5 QUALITY ASSURANCE

A.  Except as modified by governing codes and by the Contract Documents, comply with
the latest applicable provisions and latest recommendations of the following:

Ground Fault Circuit Protection UL 1053.

QMQB Operators UL E1818.

Bolted Pressure Switches UL 977.

Switchboards NEMA Standards PB-2, PB-2.1, PB-2.2; UL 891 and UL Service
Entrance Label.

Meters ANSI Specification C 39.1.

ANSI| C37.13.

ANSI C37.51.

NETA

Molded Case Circuit Breakers UL 489 and NEMA AB1.
0. NRTL labeled for service equipment.

Hwn =

S Vo NOo U

B.  Each switchboard as a complete and finished product shall receive a single integrated
equipment rating by the manufacturer. The integrated equipment short-circuit rating
shall certify that all equipment is capable of withstanding the thermal and magnetic
stress of a fault equal to the value calculated by the Contractor/manufacturer’s
coordination study. Such rating shall be established by actual tests by the
manufacturer on similar equipment. This certification shall be permanently affixed to
each switchboard. Test data shall be submitted to the Engineer at the time of
submission of Submittal Drawings.

C. Installer Qualifications: An employer of workers qualified as defined in NEMA PB 2.1
and trained in electrical safety as required by NFPA 70E.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Deliver switchboards in sections or lengths that can be moved past obstructions in
delivery path.

B.  Handle and prepare switchboards for installation according to NEMA PB 2.1.
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1.7

1.8

FIELD CONDITIONS

Installation Pathway: Remove and replace access fencing, doors, lift-out panels,
obstacles and structures to provide pathway for moving switchboards into place.

Environmental Limitations:

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

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

a.  Ambient Temperature: Not exceeding 104 deg F.
b.  Altitude: Not exceeding 6600 feet.

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

1. Notify Owner no fewer than five business days in advance of proposed
interruption of electric service.

2. Indicate method of providing temporary electric service.

3. Do not proceed with interruption of electric service without Owner's written
permission.

4.  Comply with NFPA 70E.

COORDINATION

Coordinate layout and installation of switchboards 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.

Coordinate sizes and locations of concrete bases with actual equipment provided. Cast
anchor-bolt inserts into bases. Concrete, reinforcement, and formwork requirements
are specified with concrete.
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1.9 WARRANTY

A.  Manufacturer's Warranty: Manufacturer agrees to repair or replace switchboard
enclosures, buswork, overcurrent protective devices, accessories, and factory installed
interconnection wiring that fail in materials or workmanship within specified warranty
period.

B. Manufacturer's Warranty: Manufacturer's agrees to repair or replace surge protection

devices that fail in materials or workmanship within specified warranty period.

PART 2 - PRODUCTS

2.1 SWITCHBOARDS
A. Eaton, General Electric, Siemens, or Square D.

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

C.  Product Selection for Restricted Space: Drawings indicate maximum dimensions for
switchboards including clearances between switchboards and adjacent surfaces and
other items. Comply with indicated maximum dimensions.

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

E. Switchboards described in this article include service and distribution types most
commonly applied.

F. Front-Connected, Front-Accessible Switchboards:
1. Main Devices: Panel mounted.
2. Branch Devices: Panel mounted.
3. Sections front and rear aligned.

G.  Nominal System Voltage: as indicated on the drawings.
H.  Main-Bus Continuous: as indicated on the drawings.
l. Indoor Enclosures: Steel, NEMA 250, Type 2.

J. Enclosure Finish for Indoor Units: Factory-applied finish in manufacturer's standard gray
finish over a rust-inhibiting primer on treated metal surface.
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K. Barriers: Between adjacent switchboard sections.

L. Service Entrance Rating: Switchboards intended for use as service entrance equipment
shall contain from one to six service disconnecting means with overcurrent protection,
a neutral bus with disconnecting link, a grounding electrode conductor terminal, and a
main bonding jumper.

M.  Utility Metering Compartment: Barrier compartment and section complying with utility
company's requirements; hinged sealable door; buses provisioned for mounting utility
company's current transformers and potential transformers or potential taps as
required by utility company. If separate vertical section is required for utility metering,
match and align with basic switchboard. Provide service entrance label and necessary
applicable service entrance features.

N.  Bus Transition and Incoming Pull Sections: Matched and aligned with basic
switchboard.

0. Hinged Front Panels: Allow access to circuit breaker, metering, accessory, and blank
compartments.

P.  Pull Box on Top of Switchboard:

1. Adequate ventilation to maintain temperature in pull box within same limits as
switchboard.

2. Removable covers shall form top, front, and sides. Top covers at rear shall be
easily removable for drilling and cutting.

3.  Bottom shall be insulating, fire-resistive material with separate holes for cable

drops into switchboard.
4.  Cable supports shall be arranged to facilitate cabling and adequate to support
cables indicated, including those for future installation.

Q. Buses and Connections: Three phase, four wire unless otherwise indicated.

1. Provide phase bus arrangement A, B, C from front to back, top to bottom, and
left to right when viewed from the front of the switchboard.

2. Phase- and Neutral-Bus Material: Hard-drawn copper of 98 percent conductivity.

3.  Copper feeder circuit-breaker line connections.

4.  Ground Bus: Minimum-size required by UL 891, hard-drawn copper of 98
percent conductivity, equipped with mechanical connectors for feeder and
branch-circuit ground conductors.

5. Main-Phase Buses and Equipment-Ground Buses: Uniform capacity for entire
length of switchboard's main and distribution sections. Provide for future
extensions from both ends.

6. Disconnect Links:
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2.2

2.3

a. Isolate neutral bus from incoming neutral conductors.
b.  Bond neutral bus to equipment-ground bus for switchboards utilized as
service equipment or separately derived systems.
7. Neutral Buses: 100 percent of the ampacity of phase buses unless otherwise
indicated, equipped with mechanical connectors for outgoing circuit neutral
cables. Brace bus extensions for busway feeder neutral bus.

Future Devices: Equip compartments with mounting brackets, supports, bus
connections, and appurtenances at full rating of circuit-breaker compartment.

SURGE PROTECTION DEVICES

SPDs: Comply with UL 1449, Type 1 or Type 2, depending on location of SPD as
indicated on the drawings.

Features and Accessories:

1. Internal thermal protection that disconnects the SPD before damaging internal
suppressor components.

2. Indicator light display for protection status.

3. Form-C contacts rated at 2 A and 24-V ac, one normally open and one normally
closed, for remote monitoring of protection status. Contacts shall reverse on
failure of any surge diversion module or on opening of any current-limiting
device. Coordinate with building power monitoring and control system.

4., Surge counter.

Peak Surge Current Rating: The minimum single-pulse surge current withstand rating
per phase shall not be less than 200 kA. The peak surge current rating shall be the
arithmetic sum of the ratings of the individual MOVs in a given mode.

Protection modes and UL 1449 VPR for grounded wye circuits with 480Y/277 V or
208Y/120 V, three-phase, four-wire circuits shall not exceed the following:

1. Line to Neutral: 1200 V for 480Y/277 V; 700 V for 208Y/120 V.
2. Line to Ground: 1200 V for 480Y/277 V; 1200 V for 208Y/120 V.
3. Line to Line: 2000 V for 480Y/277 V; 1000 V for 208Y/120 V.

SCCR: Equal or exceed 200 kA.

Nominal Rating: 20 kA.

DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

Bolted Pressure Switch:
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Switches 800 amperes and above and all main switches and service switches shall
be bolted pressure type.

Manually operated and, where indicated, electrically tripped. Dead front, totally
enclosed in a cabinet designed as a complete magnetic circuit. Interlock to
prevent access to a closed switch. Interlock capable of intentional bypass by
knowledgeable personnel.

Fuse compartment shall be interlocked to prevent access when a switch is in the
"CLOSED” position.

Maximum temperature rise at full load - 30°C spot temperature.

Short-Circuit Rating: As indicated on drawings.

Capable of being opened when carrying 750 percent of its rated load. Opening
under these conditions requires no major physical effort.

Arc barriers and replaceable arcing contacts shall be provided.

Switch shall be of the charge before closing type.

U.L. listed for continuous operation.

Handle shall be capable of being padlocked in the "OFF" position.

Ground Fault Relay (when provided): Comply with UL 1053; self-powered type
with mechanical ground-fault indicator, test function, tripping relay with internal
memory, and three-phase current transformer/sensor.

a. Configuration: Integrally mounted relay and trip unit with adjustable
pickup and time-delay settings, push-to-test feature, and ground-fault
indicator.

b.  Internal Memory: Integrates the cumulative value of intermittent arcing
ground-fault currents and uses the effect to initiate tripping.

C. No-Trip Relay Test: Permits ground-fault simulation test without tripping
switch.

d.  Test Control: Simulates ground fault to test relay and switch (or relay only
if “"NO TRIP" mode is selected).

B. Self-Contained Switch Units:

1.

4.
5.

Switches 600 amperes and below shall be self-contained type, in accordance with
NEMA KS1.

Switches shall be quick-make, quick-break, dead-front type. Each switch shall be
a self-contained unit, externally operated from the front.

Fuse and switch compartment shall be interlocked to prevent access to the fuse
compartment until the switch is thrown to the "OFF" position. Interlock shall be
intentionally releasable by an externally applied tool to permit checking of the
switch and fuses under load.

Switches shall be equipped with rejection type clips suitable for Class R fuses.
Handle shall be capable of being padlocked in the "OFF" position.

C. Feeder Circuit Breakers:

1.

Thermal magnetic molded case circuit breakers shall:
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Molded case circuit breakers shall have integral and instantaneous thermal
magnetic trip in each pole. Provide adjustable trip setting for circuit
breaker frame sizes 250A and larger; adjustable instantaneous trip circuit
branches; or magnetic trip element with front-mounted field adjustable trip
setting.

Circuit breaker(s) shall be standard interrupting. Ampere ratings shall be as
shown on the Contract Documents. Manufacturer shall submit one (1) set
of published Ip and I°t let-through curves (as required by UL) to the Owner.

2. Molded-Case Circuit Breaker (MCCB) Features and Accessories:

a. Standard frame sizes, trip ratings, and number of poles.

b. Lugs: Suitable for number, size, trip ratings, and conductor material.

C. Ground-Fault Circuit Protection (when provided): Integrally mounted relay
and trip unit with adjustable pickup and time-delay settings, push-to-test
feature, and ground-fault indicator.

d.  Zone-Selective Interlocking:  Integral with electronic trip unit; for
interlocking ground-fault protection function.

e.  Communication Capability: Integral communication module with functions
and features compatible with power monitoring and control system
specified.

f. Shunt Trip: 120-V trip coil energized from separate circuit, set to trip at 75
percent of rated voltage.

g. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage
without intentional time delay.

h. Auxiliary Contacts: Two (2) SPDT switches with “a” and “b" contacts; “a”
contacts mimic circuit-breaker contacts, "b” contacts operate in reverse of
circuit-breaker contacts.

i. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation;
key shall be removable only when circuit breaker is in "“OFF” position.

3. Electronic trip circuit breakers with RMS sensing; field-replaceable rating plug or

field-replicable electronic trip; and the following field-adjustable settings:

a. Instantaneous trip.

b. Long and short-time pickup levels.

C. Long and short-time time adjustments.

d Ground-fault pickup level, time delay, and I°t response.

4. Insulated-Case Circuit Breaker (ICCB): 100 percent rated, sealed, insulated-case
power circuit breaker with interrupting capacity rating to meet available fault
current.

a. Fixed circuit-breaker mounting.
b.  Two-step, stored-energy closing.
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C. Full-function, microprocessor-based trip units with interchangeable rating
plug, trip indicators, and the following field-adjustable settings:
1) Instantaneous trip.
2)  Time adjustments for long- and short-time pickup.
3)  Ground-fault pickup level, time delay, and I°t response.

5.  Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking
ground-fault protection function.

6. Remote trip indication and control.

7. Communication Capability: Web enabled integral Ethernet communication
module and embedded Web server with factory-configured Web pages (HTML
file format).

8. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key
shall be removable only when circuit breaker is in off position.

2.4 INSTRUMENTATION

A.  Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for three-
or four-wire systems and with the following features:

1. Switch-selectable digital display of the following values with maximum accuracy
tolerances as indicated:

a. Phase Currents, Each Phase: Plus or minus 0.5 percent.

b.  Phase-to-Phase Voltages, Three Phase: Plus or minus 0.5 percent.

C. Phase-to-Neutral Voltages, Three Phase: Plus or minus 0.5 percent.

d.  Megawatts: Plus or minus 1 percent.

e. Megavars: Plus or minus 1 percent.

f. Power Factor: Plus or minus 1 percent.

g. Frequency: Plus or minus 0.1 percent.

h.  Accumulated Energy, Megawatt Hours: Plus or minus 1 percent;
accumulated values unaffected by power outages up to 72 hours.

i. Megawatt Demand: Plus or minus 1 percent; demand interval
programmable from five to 60 minutes.

j. Contact devices to operate remote impulse-totalizing demand meter.

2. Mounting: Display and control unit flush or semiflush mounted in instrument

compartment door.
B.  Impulse-Totalizing Demand Meter:

1. Comply with ANSI C12.1.

2. Suitable for use with switchboard watt-hour meter, including two-circuit
totalizing relay.

3.  Cyclometer.

4. Four-dial, totalizing kilowatt-hour register.
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5. Positive chart drive mechanism.
6.  Capillary pen holding a minimum of one month's ink supply.
7. Roll chart with minimum 31-day capacity; appropriate multiplier tag.
8.  Capable of indicating and recording 15-minute integrated demand of totalized

system.

2.5 CONTROL POWER

A.  Control Circuits: 120-V ac, supplied through secondary disconnecting devices from
control-power transformer.

2.6 IDENTIFICATION

A.  Service Equipment Label: NRTL labeled for use as service equipment for switchboards
with one or more service disconnecting and overcurrent protective devices.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Receive, inspect, handle, and store switchboards according to NEMA PB 2.1.

1. Lift or move panelboards with spreader bars and manufacturer-supplied lifting
straps following manufacturer's instructions.

2. Use rollers, slings, or other manufacturer-approved methods if lifting straps are
not furnished.

3. Protect from moisture, dust, dirt, and debris during storage and installation.

4. Install temporary heating during storage per manufacturer's instructions.

B. Examine switchboards before installation. Reject switchboards that are moisture
damaged or physically damaged.

C.  Examine elements and surfaces to receive switchboards for compliance with installation
tolerances and other conditions affecting performance of the Work or that affect the
performance of the equipment.

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

3.2 INSTALLATION

A.  Install switchboards and accessories according to NEMA PB 2.1.
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B.  Equipment Mounting: Install switchboards on concrete base, 4-inch nominal thickness.
Comply with requirements for concrete base specified elsewhere in the project
specifications.

1. Install conduits entering underneath the switchboard, entering under the vertical
section where the conductors will terminate. Install with couplings flush with the
concrete base. Extend 2 inches above concrete base after switchboard is
anchored in place.

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch centers around the full perimeter of
concrete base.

3. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete base and anchor into structural concrete floor.

4. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to switchboards.

6.  Anchor switchboard to building structure at the top of the switchboard if
required or recommended by the manufacturer.

C.  Temporary Lifting Provisions: Remove temporary lifting eyes, channels, straps and
brackets, and temporary blocking of moving parts from switchboard units and
components.

D.  Operating Instructions: Frame and mount the printed basic operating instructions for
switchboards, including control and key interlocking sequences and emergency
procedures. Fabricate frame of finished wood or metal and cover instructions with clear
acrylic plastic. Mount on front of switchboards.

E. Install filler plates in unused spaces of panel-mounted sections.
F. Install overcurrent protective devices, surge protection devices, and instrumentation.
1. Set field-adjustable switches and circuit-breaker trip ranges.

G.  Comply with NECA 1.

3.3 CONNECTIONS

A.  Bond conduits entering underneath the switchboard to the equipment ground bus with
a bonding conductor sized per NFPA 70.

B.  Support and secure conductors within the switchboard according to NFPA 70.
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C.  Extend insulated equipment grounding cable to busway ground connection and
support cable at intervals in vertical run.

34 IDENTIFICATION

A.  Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs complying with the project specification requirements for identification.

B.  Switchboard Nameplates: Label each switchboard compartment with a nameplate
complying with the project specifications.

C.  Device Nameplates: Label each disconnecting and overcurrent protective device and
each meter and control device mounted in compartment doors with a nameplate
complying with the project specifications.

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

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

1. Acceptance Testing:

a. Test insulation resistance for each switchboard bus, component, connecting
supply, feeder, and control circuit. Open control and metering circuits
within the switchboard and remove neutral connection to surge protection
and other electronic devices prior to insulation test. Reconnect after test.

b.  Test continuity of each circuit.

2. Test ground-fault protection of equipment for service equipment per NFPA 70.
3. Perform each visual and mechanical inspection and electrical test stated in

NETA Acceptance Testing Specification. Certify compliance with test parameters.

4.  Correct malfunctioning units on-site where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.
5. Perform the following infrared scan tests and inspections, and prepare reports:

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

6.  Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

C.  Switchboard will be considered defective if it does not pass tests and inspections.
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D. Prepare test and inspection reports, including a certified report that identifies
switchboards included and that describes scanning results. Include notation of
deficiencies detected, remedial action taken, and observations after remedial action.

3.6 ADJUSTING

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

B.  Set field-adjustable circuit-breaker trip ranges as specified in the Electrical Power
System Study, required per specification section 260573 and furnished by the Electrical
Contractor.

3.7 PROTECTION

A.  Temporary Heating: Apply temporary heat, to maintain temperature according to
manufacturer's written instructions, until switchboard is ready to be energized and
placed into service.

3.8 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance
personnel to adjust, operate, and maintain switchboards, overcurrent protective
devices, instrumentation, and accessories, and to use and reprogram microprocessor-
based trip, monitoring, and communication units.

END OF SECTION 262413
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SECTION 262416 - PANELBOARDS

PART 1 - GENERAL

1.1

A.

1.2

1.3

SUMMARY

Section Includes:

1.
2.

Distribution panelboards.
Lighting and appliance branch-circuit panelboards.

DEFINITIONS

ATS: Acceptance testing specification.

GFCI: Ground-fault circuit interrupter.

GFEP: Ground-fault equipment protection.

HID: High-intensity discharge.

MCCB: Molded-case circuit breaker.

SPD: Surge protective device.

VPR: Voltage protection rating.

SUBMITTALS

Product Data: For each type of panelboard.

1.

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

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

Shop Drawings: For each panelboard and related equipment.

4.

Include dimensioned plans, elevations, sections, and details.

Show tabulations of installed devices with nameplates, conductor termination
sizes, equipment features, and ratings.

Detail enclosure types including mounting and anchorage, environmental
protection, knockouts, corner treatments, covers and doors, gaskets, hinges, and
locks.

Detail bus configuration, current, and voltage ratings.
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5. Short-circuit current rating of panelboards and overcurrent protective devices.
6. Include evidence of NRTL listing for SPD as installed in panelboard.

14

1.5

1.6

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

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

9. Key interlock scheme drawing and sequence of operations.

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

Qualification Data: For testing agency.

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

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For panelboards and components to include in
emergency, operation, and maintenance manuals.

1. In addition to items specified in other sections, include the following:
a. Manufacturer's written instructions for testing and adjusting overcurrent
protective devices.
b.  Time-current curves, including selectable ranges for each type of
overcurrent protective device that allows adjustments.

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. Keys: Two spares for each type of panelboard cabinet lock.

2. Circuit Breakers Including GFCl and GFEP Types: Two spares for each panelboard.

3. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size
and type, but no fewer than three of each size and type.

4.  Fuses for Fused Power-Circuit Devices: Equal to 10 percent of quantity installed

for each size and type, but no fewer than three of each size and type.

QUALITY ASSURANCE

Manufacturer Qualifications: 1ISO 9001 or 9002 certified.
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1.7 DELIVERY, STORAGE, AND HANDLING

A.  Handle and prepare panelboards for installation according to NEMA PB 1.

1.8 FIELD CONDITIONS

A.  Environmental Limitations:

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

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

a.  Ambient Temperature: Not exceeding 23 deg F to plus 104 deg F.
b.  Altitude: Not exceeding 6600 feet.

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

1. Notify Owner no fewer than five business days in advance of proposed
interruption of electric service.

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

3. Comply with NFPA 70E.

1.9 WARRANTY

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

B.  Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair

or replace SPD that fails in materials or workmanship within specified warranty period.

PART 2 - PRODUCTS

2.1

A.

PANELBOARDS AND LOAD CENTERS COMMON REQUIREMENTS

Product Selection for Restricted Space: Drawings indicate maximum dimensions for
panelboards including clearances between panelboards and adjacent surfaces and
other items. Comply with indicated maximum dimensions.

PANELBOARDS 262416 - 3



CSArch Highland Central School District
197-2201 2022 Capital Improvement Project

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

C.  Comply with NEMA PB 1.
D.  Comply with NFPA 70.
E. Enclosures: Flush and Surface-mounted, dead-front cabinets.

1. Rated for environmental conditions at installed location.
a. Indoor Dry and Clean Locations: NEMA 250, Type 1.

b. Outdoor Locations: NEMA 250, Type 3.
C. Kitchen and Wash-Down Areas: NEMA 250, Type 4X, stainless steel.
d.  Other Wet or Damp Indoor Locations: NEMA 250, Type 4.
e. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive
Liquids: NEMA 250, Type 12.
2. Height: 84 inches maximum.
3. Front: Secured to box with concealed trim clamps. For surface-mounted fronts,

match box dimensions; for flush-mounted fronts, overlap box. Trims shall cover

all live parts and shall have no exposed hardware.

4.  Gutter Extension and Barrier: Same gage and finish as panelboard enclosure;
integral with enclosure body. Arrange to isolate individual panel sections.
5. Finishes:

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

Back Boxes: Galvanized steel.

C. Fungus Proofing: Permanent fungicidal treatment for overcurrent protective

devices and other components.

F. Incoming Mains:
1. Location: Convertible between top and bottom.
2. Main Breaker: Main lug interiors up to 400 amperes shall be field convertible to

main breaker.
G. Phase, Neutral, and Ground Buses:

1. Material: Hard-drawn copper, 98 percent conductivity, depending on rating of
panelboard.
a. Plating shall run entire length of bus.
b.  Bus shall be fully rated the entire length.
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2. Interiors shall be factory assembled into a unit. Replacing switching and
protective devices shall not disturb adjacent units or require removing the main
bus connectors.

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

4, Full-Sized Neutral: Equipped with full-capacity bonding strap for service entrance
applications. Mount electrically isolated from enclosure. Do not mount neutral
bus in gutter.

5. Split Bus: Vertical buses divided into individual vertical sections.

H. Conductor Connectors: Suitable for use with conductor material and sizes.

1. Material: Hard-drawn copper, 98 percent conductivity.

2. Terminations shall allow use of 75 deg C rated conductors without derating.

3. Size: Lugs suitable for indicated conductor sizes, with additional gutter space, if
required, for larger conductors.

4. Main and Neutral Lugs: Mechanical type, with a lug on the neutral bar for each

pole in the panelboard.

5. Ground Lugs and Bus-Configured Terminators: Mechanical type, with a lug on
the bar for each pole in the panelboard.

6. Feed-Through Lugs: Mechanical type, suitable for use with conductor material.
Locate at opposite end of bus from incoming lugs or main device.

7. Subfeed (Double) Lugs: Mechanical type suitable for use with conductor material.
Locate on load side of main device unless otherwise noted on plans.

8.  Gutter-Tap Lugs: Mechanical type suitable for use with conductor material and
with matching insulating covers. Locate at same end of bus as incoming lugs or
main device.

NRTL Label: Panelboards or load centers shall be labeled by an NRTL acceptable to
authority having jurisdiction for use as service equipment with one or more main
service disconnecting and overcurrent protective devices. Panelboards or load centers
shall have meter enclosures, wiring, connections, and other provisions for utility
metering. Coordinate with utility company for exact requirements.

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

1. Percentage of Future Space Capacity: See drawings.

K. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-
circuit current available at terminals. Assembly listed by an NRTL for 100 percent
interrupting capacity.
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1. Panelboards and overcurrent protective devices rated 240 V or less shall have
short-circuit ratings as shown on Drawings, but not less than 10,000 A rms

symmetrical.

2. Panelboards and overcurrent protective devices rated above 240 V and less than
600 V shall have short-circuit ratings as shown on Drawings, but not less than

14,000 A rms symmetrical.

PERFORMANCE REQUIREMENTS

Surge Suppression: Factory installed as an integral part of indicated panelboards,

complying with UL 1449 SPD Type 1 or Type 2.

DISTRIBUTION PANELBOARDS

Approved manufactures:

1. Square D: I-Line

2. Eaton: Pow-R-Line 4,

3. Siemens: Type P4/P5

4 General Electric: Spectra Series

Panelboards: NEMA PB 1, distribution type.

Doors: Secured with vault-type latch with tumbler lock; keyed alike.

1. For doors more than 36 inches high, provide two latches, keyed alike.

Mains: Circuit breaker.

Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes 125 A and
Smaller:  Bolt-on circuit breakers where individual positive-locking device requires

mechanical release for removal.

Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes Larger Than
125 A:  Bolt-on circuit breakers where individual positive-locking device requires

mechanical release for removal.

LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

Approved manufacturers:
1. Eaton

2. Square D

3. Siemens

4 General Electric

Panelboards: NEMA PB 1, lighting and appliance branch-circuit type.

PANELBOARDS
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C.  Mains: Circuit breaker or lugs only.

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

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

2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES

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

1. Electronic Trip Circuit Breakers:

a. 100 percent rated

b.  RMS sensing.

C. Field-replaceable rating plug or electronic trip.

d.  Digital display of settings, trip targets, and indicated metering displays.

e. Multi-button keypad to access programmable functions and monitored
data.

f. Ten-event, trip-history log. Each trip event shall be recorded with type,
phase, and magnitude of fault that caused the trip.

g. Integral test jack for connection to portable test set or laptop computer.

h.  Field-Adjustable Settings:

1) Instantaneous trip.

2)  Long- and short-time pickup levels.

3) Long and short time adjustments.

4)  Ground-fault pickup level, time delay, and | squared T response.

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

3. GFEP Circuit Breakers: Class B ground-fault protection (30-maA trip).

4. Arc-Fault Circuit Interrupter Circuit Breakers: Comply with UL 1699; 120/240-V,
single-pole configuration.

5. Subfeed Circuit Breakers: Vertically mounted.

6. MCCB Features and Accessories:

a.

b.
C.
d

PANELBOARDS

Standard frame sizes, trip ratings, and number of poles.

Breaker handle indicates tripped status.

UL listed for reverse connection without restrictive line or load ratings.

Lugs: Mechanical style, suitable for number, size, trip ratings, and
conductor materials.

Application Listing: Appropriate for application; Type SWD for switching
fluorescent lighting loads; Type HID for feeding fluorescent and HID
lighting circuits.
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Ground-Fault Protection: Integrally mounted relay and trip unit with
adjustable pickup and time-delay settings, push-to-test feature, and
ground-fault indicator.

Communication  Capability: Circuit-breaker-mounted or integral
communication module with functions and features compatible with power
monitoring and control system.

Shunt Trip: 24-V trip coil energized from separate circuit, set to trip at 75
percent of rated voltage.

Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage with
field-adjustable 0.1- to 0.6-second time delay.

Rating Plugs: Three-pole breakers with ampere ratings greater than 150
amperes shall have interchangeable rating plugs or electronic adjustable
trip units.

Alarm Switch: Single-pole, normally open contact that actuates only when
circuit breaker trips.

Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation;
key shall be removable only when circuit breaker is in off position.
Zone-Selective Interlocking: Integral with electronic trip wunit; for
interlocking ground-fault protection function with other upstream or
downstream devices.

Multipole units enclosed in a single housing with a single handle or factory
assembled to operate as a single unit.

Handle Padlocking Device: Fixed attachment, for locking circuit-breaker
handle in off position.

2.6 IDENTIFICATION

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

B.  Breaker Labels: Faceplate shall list current rating, UL and IEC certification standards, and

AIC rating.

C.  Circuit Directory: Computer-generated circuit directory mounted inside panelboard
door with transparent plastic protective cover.

1. Circuit directory shall identify specific purpose with detail sufficient to distinguish
it from all other circuits.

PANELBOARDS
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PART 3 - EXECUTION

3.1

A.

3.2

EXAMINATION

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

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

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

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

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

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.

Comply with NECA 1.
Install panelboards and accessories according to NEMA PB 1.1.
Equipment Mounting:

1. Attach panelboard to the vertical finished or structural surface behind the
panelboard.

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets
and temporary blocking of moving parts from panelboards.

Mount top of trim at a height so that the operating handle of the top-most switch or
circuit breaker, in ON position, is not higher than 79 inches (2000 mm) above finished
floor or grade, unless otherwise indicated.

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.
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3.3

34

Mount surface-mounted panelboards to steel slotted supports 5/8 inch in depth. Orient
steel slotted supports vertically.

Install overcurrent protective devices and controllers not already factory installed.

1. Set field-adjustable, circuit-breaker trip ranges.
2. Tighten bolted connections and circuit breaker connections using calibrated
torque wrench or torque screwdriver per manufacturer's written instructions.

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

Install filler plates in unused spaces.

Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space
designated to be ceiling space in the future. Stub four 1-inch empty conduits into
raised floor space or below slab not on grade.

Arrange conductors in gutters into groups and bundle and wrap with wire ties after
completing load balancing.

IDENTIFICATION

Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs complying with the project specification requirements for identification.

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

Panelboard Nameplates: Label each panelboard with a nameplate complying with the
project specifications.

Device Nameplates: Label each branch circuit device in power panelboards with a
nameplate complying with the project specifications.

Install warning signs complying with requirements of the project specifications.

FIELD QUALITY CONTROL

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

B.  Acceptance Testing Preparation:

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

C.  Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test for low-voltage
air circuit breakers and low-voltage surge arrestors stated in NETA ATS,
Paragraph 7.6 Circuit Breakers and Paragraph 7.19.1 Surge Arrestors, Low-
Voltage. Do not perform optional tests. Certify compliance with test parameters.

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

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

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

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

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

3.5 ADJUSTING

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

B.  Set field-adjustable circuit-breaker trip ranges as specified in the Electrical Power
System Study, required per specification section 260573 and furnished by the Electrical
Contractor.

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

1. Measure loads during period of normal facility operations.
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2. Perform circuit changes to achieve load balancing outside normal facility
operation schedule or at times directed by the Owner.

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

4. Tolerance: Maximum difference between phase loads, within a panelboard, shall
not exceed 20 percent.

5. Update panelboard directories accordingly, and provide updated directories to
Owner within five business days of load balancing.

3.6 PROTECTION

A.  Temporary Heating: Prior to energizing panelboards, apply temporary heat to maintain
temperature according to manufacturer's written instructions.

END OF SECTION 262416
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Straight-blade convenience, isolated-ground, and tamper-resistant receptacles.
GFCl receptacles.

Twist-locking receptacles.

Pendant cord-connector devices.

Cord and plug sets.

Toggle switches.

Decorator-style convenience.

Wall-box dimmers.

Wall plates.

O©®oNoOUThWN =

1.2 SUBMITTALS
A.  Product Data: For each type of product.

B.  Samples: One for each type of device and wall plate specified, in each color specified.

PART 2 - PRODUCTS

2.1 GENERAL WIRING-DEVICE REQUIREMENTS

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

B.  Comply with NFPA 70.
C.  Devices for Owner-Furnished Equipment:

1. Receptacles: Match plug configurations.
2. Cord and Plug Sets: Match equipment requirements.

D.  Source Limitations: Obtain each type of wiring device and associated wall plate from
single source from single manufacturer.
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2.2 STRAIGHT-BLADE RECEPTACLES

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

B. Isolated-Ground, Duplex Convenience Receptacles: 125V, 20A; comply with
NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.

1. Description: Straight blade; equipment grounding contacts shall be connected
only to the green grounding screw terminal of the device and with inherent
electrical isolation from mounting strap. Isolation shall be integral to receptacle
construction and not dependent on removable parts.

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

2.3 GFClI RECEPTACLES
A.  General Description:

1. 125V, 20 A, straight blade, feed-through type.

2. Comply with NEMAWD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943
Class A, and FS W-C-596.

3. Include indicator light that shows when the GFCI has malfunctioned and no
longer provides proper GFCI protection.

2.4 TWIST-LOCKING RECEPTACLES

A.  Twist-Lock, Single Convenience Receptacles: 125V, 20 A; comply with NEMA WD 1,
NEMA WD 6 Configuration L5-20R, and UL 498.

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

1. Grounding: Equipment grounding contacts shall be connected only to the green
grounding screw terminal of the device and with inherent electrical isolation from
mounting strap. Isolation shall be integral to receptacle construction and not
dependent on removable parts.

2.5 PENDANT CORD-CONNECTOR DEVICES
A.  Description:

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

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

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

2.6 CORD AND PLUG SETS
A.  Description:

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

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

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

2.7 TOGGLE SWITCHES
A.  Comply with NEMA WD 1, UL 20, and FS W-S-896.
B. Switches, 120/277 V, 20 A:
C.  Pilot-Light Switches: 120/277 V, 20 A.
1. Description: Single pole, with LED-lighted handle, illuminated when switch is off.
D.  Key-Operated Switches: 120/277 V, 20 A.
1. Description: Single pole, with factory-supplied key in lieu of switch handle.

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

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

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

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

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

D. LED Lamp Dimmer Switches: Modular; compatible with LED lamps; trim potentiometer
to adjust low-end dimming; capable of consistent dimming with low end not greater
than 20 percent of full brightness.

2.9 WALL PLATES
A.  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: As selected by the Architect.
3. Material for Unfinished Spaces: Galvanized steel.
4, Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and
listed and labeled for use in wet and damp locations.

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

weather-resistant, die-cast aluminum with lockable cover.
210 FINISHES
A.  Device Color:
1. Wiring Devices Connected to Normal Power System: As selected by Architect
unless otherwise indicated or required by NFPA 70 or device listing.
2. Wiring Devices Connected to Emergency Power System: Red.
3. Isolated-Ground Receptacles: Orange.
B.  Wall Plate Color: As selected by the Architect.

WIRING DEVICES 262726 - 4



CSArch

197-2201

Highland Central School District
2022 Capital Improvement Project

PART 3 - EXECUTION

3.1

A.

B.

C.

INSTALLATION

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

TYPICAL MOUNTING HEIGHTS

DEVICE MOUNTING HEIGHT

Wall switches, card readers

48 inches above finished floor to center

Receptacle outlets, data outlets, CATV out-

lets

18 inches above finished floor to center

Receptacle outlets — above counter

42 inches above finished floor to center, or 8
inches to center above countertops

Wall telephone outlets

48 inches above finished floor to center

Clock outlets

96 inches above finished floor to center, or 6
inches below ceiling.

Above doors, centered between door trim and
ceiling

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.

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

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

4.  Existing Conductors:

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

D.  Device Installation:

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

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

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

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

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

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

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

8.  Tighten unused terminal screws on the device.

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

E. Receptacle Orientation:

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

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

G. Dimmers:

1. Install dimmers within terms of their listing.

2. Verify that dimmers used for fan-speed control are listed for that application.

3. Install unshared neutral conductors on line and load side of dimmers according
to manufacturers' device listing conditions in the written instructions.

H. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension

vertical. Group adjacent switches under single, multigang wall plates.
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3.2

3.3

34

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

GFCI RECEPTACLES

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

IDENTIFICATION

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.

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

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

Tests for Convenience Receptacles:

1. Line Voltage: Acceptable range is 105 to 132 V.
2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is
unacceptable.

3. Ground Impedance: Values of up to 2 ohms are acceptable.

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

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

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

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

END OF SECTION 262726
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Fusible switches.

Nonfusible switches.

Receptacle switches.

Shunt trip switches.

Molded-case circuit breakers (MCCBs).
Molded-case switches.

Enclosures.

NouvswN =

1.2 SUBMITTALS

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

Enclosure types and details for types other than NEMA 250, Type 1.

Current and voltage ratings.

Short-circuit current ratings (interrupting and withstand, as appropriate).

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

5. Include time-current coordination curves (average melt) for each type and rating
of overcurrent protective device; include selectable ranges for each type of
overcurrent protective device. Provide in PDF electronic format.

HwnN =

B.  Shop Drawings: For enclosed switches and circuit breakers.

1. Include plans, elevations, sections, details, and attachments to other work.
2. Include wiring diagrams for power, signal, and control wiring.

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

1.4 FIELD CONDITIONS

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

1. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104
deg F.
2. Altitude: Not exceeding 6600 feet.

1.5 WARRANTY
A.  Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace

components that fail in materials or workmanship within specified warranty period.

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS

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

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

C.  Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, by an NRTL, and marked for intended location and application.

D.  Comply with NFPA 70.

2.2 FUSIBLE SWITCHES
A.  Manufacturer shall be the same as the switchboards and panelboards.
B.  Type HD, Heavy Duty:

1. Single throw.
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Three or six pole. Provide six pole for connection to motors requiring six motor
leads.

600-V ac.

UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate
specified fuses.

Lockable handle with capability to accept three padlocks, and interlocked with
cover in closed position.

C. Accessories:

1.

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

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

Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are
specified.

Lugs: Mechanical type, suitable for number, size, and conductor material.
Service-Rated Switches: Labeled for use as service equipment.

2.3 NONFUSIBLE SWITCHES

A.  Manufacturer shall be the same as the switchboards and panelboards.

B.  Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98
and NEMA KS 1, horsepower rated, lockable handle with capability to accept three
padlocks, and interlocked with cover in closed position.

C.  Type HD, Heavy Duty, Six Pole, Single Throw, 600-V ac, 200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three
padlocks, and interlocked with cover in closed position.

D. Accessories:

1.

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

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

Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are
specified.

Lugs: Mechanical type, suitable for number, size, and conductor material.
Service-Rated Switches: Labeled for use as service equipment.
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2.4

A.

2.5

2.6

RECEPTACLE SWITCHES

Type HD, Heavy-Duty, Three Pole, Single-Throw Fusible and Nonfusible Switches: as
indicated on the drawings.

Interlocking Linkage: Provided between the receptacle and switch mechanism to
prevent inserting or removing plug while switch is in the on position, inserting any plug
other than specified, and turning switch on if an incorrect plug is inserted or correct
plug has not been fully inserted into the receptacle.

Receptacle: Polarized, three-phase, four-wire receptacle (fourth wire connected to
enclosure ground lug).

SHUNT TRIP SWITCHES

General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with Class J fuse
block and 200-kA interrupting and short-circuit current rating.

Type HD, Heavy-Duty, Three Pole, Single-Throw Fusible Switch: UL 98 and NEMA KS 1;
integral shunt trip mechanism; horsepower rated, with clips or bolt pads to
accommodate specified fuses; lockable handle with capability to accept three padlocks;
interlocked with cover in closed position.

Type HD, Heavy-Duty, Three Pole, Single-Throw Nonfusible Switch: UL98 and
NEMA KS 1; integral shunt trip mechanism; horsepower rated, lockable handle with
capability to accept three padlocks; interlocked with cover in closed position.

Control Circuit: 120-V ac; obtained from integral control power transformer, with
primary and secondary fuses, with a control power transformer of enough capacity to
operate shunt trip, pilot, indicating and control devices.

MOLDED-CASE CIRCUIT BREAKERS
Manufacturer shall be the same as the switchboards and panelboards.

Circuit breakers shall be constructed using glass-reinforced insulating material. Current
carrying components shall be completely isolated from the handle and the accessory
mounting area.

Circuit breakers shall have a toggle operating mechanism with common tripping of all
poles, which provides quick-make, quick-break contact action. The circuit-breaker
handle shall be over center, be trip free, and reside in a tripped position between on
and off to provide local trip indication. Circuit-breaker escutcheon shall be clearly
marked on and off in addition to providing international 1/O markings. Equip circuit
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breaker with a push-to-trip button, located on the face of the circuit breaker to
mechanically operate the circuit-breaker tripping mechanism for maintenance and
testing purposes.

D. The maximum ampere rating and UL, IEC, or other certification standards with
applicable voltage systems and corresponding interrupting ratings shall be clearly
marked on face of circuit breaker. Circuit breakers shall be 100 percent rated.

E. MCCBs shall be equipped with a device for locking in the isolated position.

F. Lugs shall be suitable for 194 deg F rated wire, sized according to the 167 deg F
(75 deg C) temperature rating in NFPA 70.

G.  Standards: Comply with UL 489 and NEMA AB 3, with interrupting capacity to comply
with available fault currents.

H.  Thermal-Magnetic Circuit Breakers: Inverse time-current thermal element for low-level
overloads and instantaneous magnetic trip element for short circuits. Adjustable
magnetic trip setting for circuit-breaker frame sizes 250 A and larger.

Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-
mounted, field-adjustable trip setting.

J. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the
following field-adjustable settings:

Instantaneous trip.

Long- and short-time pickup levels.

Long- and short-time time adjustments.

Ground-fault pickup level, time delay, and I-squared t response.

HwnN =

K. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller, and let-through
ratings less than NEMA FU 1, RK-5.

L. Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-
style fuse listed for use with circuit breaker and trip activation on fuse opening or on
opening of fuse compartment door.

M.  Ground-Fault Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole
configurations with Class A ground-fault protection (6-mA trip).

N.  Ground-Fault Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault
protection (30-mA trip).

0. Features and Accessories:
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Standard frame sizes, trip ratings, and number of poles.

Lugs: Mechanical or Compression type, suitable for number, size, trip ratings,
and conductor material.

Application Listing: Appropriate for application; Type SWD for switching
fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity
discharge lighting circuits.

Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered
type with mechanical ground-fault indicator; relay with adjustable pickup and
time-delay settings, push-to-test feature, internal memory, and shunt trip unit;
and three-phase, zero-sequence current transformer/sensor.

Communication Capability: Integral communication module with functions and
features compatible with power monitoring and control system.

Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.
Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without
intentional time delay.

Alarm Switch: One NO/NC contact that operates only when circuit breaker has
tripped.

Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key
shall be removable only when circuit breaker is in off position.

Zone-Selective Interlocking: Integral with electronic trip unit; for interlocking
ground-fault protection function.

Electrical Operator: Provide remote control for on, off, and reset operations.

MOLDED-CASE SWITCHES

Manufacturer shall be the same as the switchboards and panelboards.

Description: MCCB with fixed, high-set instantaneous trip only, and short-circuit
withstand rating equal to equivalent breaker frame size interrupting rating.

Features and Accessories:

1.
2.

Standard frame sizes and number of poles.

Lugs:

a. Mechanical or Compression type, suitable for number, size, trip ratings, and
conductor material.

b.  Lugs shall be suitable for 194 deg F rated wire, sized according to the
167 deg F temperature rating in NFPA 70.

Ground-Fault Protection: Comply with UL 1053; remote-mounted and powered

type with mechanical ground-fault indicator; relay with adjustable pickup and

time-delay settings, push-to-test feature, internal memory, and shunt trip unit;

and three-phase, zero-sequence current transformer/sensor.

Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.
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2.8

A.

D.

m

PART 3 -

3.1

A.

B.

5. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without
intentional time delay.

6.  Alarm Switch: One NO/NC contact that operates only when switch has tripped.

7. Key Interlock Kit: Externally mounted to prohibit switch operation; key shall be
removable only when switch is in off position.

8.  Zone-Selective Interlocking: Integral with ground-fault shunt trip unit; for
interlocking ground-fault protection function.

9. Electrical Operator: Provide remote control for on, off, and reset operations.

ENCLOSURES

Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to
comply with environmental conditions at installed location.

Enclosure Finish: The enclosure shall be finished with gray baked enamel paint,
electrodeposited on cleaned, phosphatized steel (NEMA 250 Type 1) gray baked
enamel paint, or electrodeposited on cleaned, phosphatized galvannealed steel
(NEMA 250 Types 3R, 12).

Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts.
NEMA 250 Types 7 and 9 enclosures shall be provided with threaded conduit openings
in both endwalls.

Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a
dual cover interlock mechanism to prevent unintentional opening of the enclosure
cover when the circuit breaker is ON and to prevent turning the circuit breaker ON
when the enclosure cover is open.

NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit to allow

their use in outdoor and wet location applications.

EXECUTION

EXAMINATION

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

Proceed with installation only after unsatisfactory conditions have been corrected.

1. Commencement of work shall indicate Installer's acceptance of the areas and
conditions as satisfactory.
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3.2 PREPARATION

A.  Interruption of Existing Electric Service: Do not interrupt electric service to facilities

3.3

34

occupied by Owner or others unless permitted under the following conditions and then
only after arranging to provide temporary electric service according to requirements
indicated:

1. Notify Owner no fewer than five business days in advance of proposed
interruption of electric service.

2. Indicate method of providing temporary electric service.

3. Do not proceed with interruption of electric service without Owner's written
permission.

4. Comply with NFPA 70E.

ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS

Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with
the following environmental ratings.

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

2. Outdoor Locations: NEMA 250, Type 3.

3. Kitchen and Wash-Down Areas: NEMA 250, Type 4X, stainless steel.

4.  Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.

5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
NEMA 250, Type 12.

INSTALLATION

Coordinate layout and installation of switches, circuit breakers, and components with
equipment served and adjacent surfaces. Maintain code required workspace clearances
and required clearances for equipment access doors and panels, regardless of location
indicated on the drawings.

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

Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets
and temporary blocking of moving parts from enclosures and components.

Install fuses in fusible devices.

Comply with NFPA 70 and NECA 1.
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3.5 ADJUSTING

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

B.  Set field-adjustable circuit-breaker trip ranges as specified in the Electrical Power
System Study, required per specification section 260573 and furnished by the Electrical
Contractor.

END OF SECTION 262816

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 9



CSArch Highland Central School District
197-2201 2022 Capital Improvement Project

THIS PAGE INTENTIONALLY LEFT BLANK

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 10



CSArch Highland Central School District
197-2201 2022 Capital Improvement Project

SECTION 265119 - LED INTERIOR LIGHTING

PART 1 - PART 1 - GENERAL

1.1 SUMMARY

A.  Section includes the following types of LED luminaires:

1. Lighting Fixtures.
2. Materials.

3. Finishes.

4, Fixture support.

1.2 DEFINITIONS
A.  CCT: Correlated color temperature.
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 unit, including lamp, reflector, and housing.

1.3 SUBMITTALS

A.  Product Data: For each type of product.

1 Arrange in order of luminaire designation.

2 Include data on features, accessories, and finishes.

3 Include physical description and dimensions of luminaires.

4. Include emergency lighting units, including batteries and chargers.

5 Include life, output (lumens, CCT, and CRI), and energy efficiency data.

6 Photometric data and adjustment factors based on laboratory tests, complying
with IES Lighting Measurements Testing and Calculation Guides, of each
luminaire type. The adjustment factors shall be for lamps and accessories
identical to those indicated for the luminaire as applied in this Project IES LM-79
and IES LM-80.
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a. Manufacturers' Certified Data: Photometric data certified by manufacturer's
laboratory with a current accreditation under the National Voluntary
Laboratory Accreditation Program for Energy Efficient Lighting Products.

B.  Shop Drawings: For nonstandard or custom luminaires.

1. Include plans, elevations, sections, and mounting and attachment details.

2. Include details of luminaire assemblies. Indicate dimensions, weights, loads,
required clearances, method of field assembly, components, and location and
size of each field connection.

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

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

14 QUALITY ASSURANCE

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

B.  Provide luminaires from a single manufacturer for each luminaire type.

C.  Each luminaire type shall be binned within a three-step MacAdam Ellipse to ensure
color consistency among luminaires.

1.5 DELIVERY, STORAGE, AND HANDLING

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

1.6 WARRANTY

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

PART 2 - PRODUCTS

2.1 PRODUCTS

A.  Refer to the Lighting Fixture Schedule on the drawings for the specified fixtures and
options.
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2.2 LUMINAIRE REQUIREMENTS

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

B. Standards:

1. ENERGY STAR certified.
2. California Title 24 compliant.

3. NRTL Compliance: Luminaires for hazardous locations shall be listed and labeled
for indicated class and division of hazard by an NRTL.
4, FM Global Compliance: Luminaires for hazardous locations shall be listed and

labeled for indicated class and division of hazard by FM Global.
5. UL Listing: Listed for damp location.
6. Recessed luminaires shall comply with NEMA LE 4.

C.  CRIas indicated on the drawings. CCT as indicated on the drawings.
D. Rated lamp life of minimum 50,000 hours to L70.
E. Lamps dimmable from 100 percent to 0 percent of maximum light output.

F. Internal driver.

2.3 MATERIALS

A. Metal Parts:

1. Free of burrs and sharp corners and edges.
2. Sheet metal components shall be steel unless otherwise indicated.
3. Form and support to prevent warping and sagging.

B.  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.

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

1. Label shall include the following lamp characteristics:
a. "USE ONLY" and include specific lamp type.
b. Lamp diameter, shape, size, wattage, and coating.
C. CCT and CRI for all luminaires.

LED INTERIOR LIGHTING 265119 - 3



CSArch Highland Central School District
197-2201 2022 Capital Improvement Project
24 METAL FINISHES
A.  Variations in finishes are unacceptable in the same piece. Variations in finishes of
adjoining components are acceptable if they are within the range of approved Samples
and if they can be and are assembled or installed to minimize contrast.
2.5 LUMINAIRE SUPPORT
A.  Single-Stem Hangers: 1/2-inch steel tubing with swivel ball fittings and ceiling canopy.
Finish same as luminaire.
B. Wires: ASTM A 641/A 641 M, Class 3, soft temper, zinc-coated steel, 12 gage.
C. Rod Hangers: 3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
D. Hook Hangers: Integrated assembly matched to luminaire, line voltage, and equipment

with threaded attachment, cord, and locking-type plug.

PART 3 - EXECUTION

3.1

A.

B.

3.2

A.

3.3

A.

B.

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

TEMPORARY LIGHTING

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

INSTALLATION
Comply with NECA 1.

Install luminaires level, plumb, and square with ceilings and walls unless otherwise
indicated.
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C. Install lamps in each luminaire.
D.  Supports:
1. Sized and rated for luminaire weight.
2. Able to maintain luminaire position after cleaning and relamping.
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.
E. 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.
F. Wall-Mounted Luminaire Support:
1. Attached to structural members in walls or Attached to a minimum 20 gauge
backing plate attached to wall structural members.
2. Do not attach luminaires directly to gypsum board.
G.  Ceiling-Mounted Luminaire Support:
1. Ceiling mount with minimum two 5/32-inch- diameter aircraft cable supports
adjustable to 120 inches in length.
2. Pendant mount with 5/32-inch- diameter aircraft cable supports adjustable to
120 inches in length.
3. Ceiling mount with hook mount.
H.  Suspended Luminaire Support:

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging.

2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers.
Support with approved outlet box and accessories that hold stem and provide
damping of luminaire oscillations. Support outlet box vertically to building
structure using approved devices.

3. Continuous Rows of Luminaires: Use tubing or stem for wiring at one point and
tubing or rod for suspension for each unit length of luminaire chassis, including
one at each end.

4. Do not use ceiling grid as support for pendant luminaires. Connect support wires
or rods to building structure.

Ceiling-Grid-Mounted Luminaires:
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1. Secure to any required outlet box.
2. Secure luminaire to the luminaire opening using approved fasteners in a
minimum of four locations, spaced near corners of luminaire.
3. Use approved devices and support components to connect luminaire to ceiling
grid and building structure in a minimum of four locations, spaced near corners
of luminaire.

34 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections:

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

2. 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.  Prepare test and inspection reports.

3.5 ADJUSTING

A.  Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting the direction of aim of luminaires to
suit occupied conditions. Make up to two visits to Project during other-than-normal
hours for this purpose. Some of this work may be required during hours of darkness.

1. During adjustment visits, inspect all luminaires. Replace lamps or luminaires that
are defective.

2. Parts and supplies shall be manufacturer's authorized replacement parts and
supplies.

END OF SECTION 265119
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SECTION 265219 - EMERGENCY AND EXIT LIGHTING

PART 1 - GENERAL

1.1

A.

1.2

1.3

SUMMARY

Section Includes:

1. Emergency lighting units.

2. Exit signs.
3. Luminaire supports.
DEFINITIONS

CCT: Correlated color temperature.

CRI: Color Rendering Index.

Highland Central School District
2022 Capital Improvement Project

Emergency Lighting Unit: A lighting unit with internal or external emergency battery
powered supply and the means for controlling and charging the battery and unit

operation.

Fixture: See "Luminaire" Paragraph.

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

Luminaire: Complete lighting unit, including lamp, reflector, and housing.

SUBMITTALS

Product Data: For each type of emergency lighting unit, exit sign, and emergency

lighting support.

1. Include data on features, accessories, and finishes.

2. Include physical description of the unit and dimensions.

3. Battery and charger for light units.

4, Include life, output of luminaire (lumens, CCT, and CRI), and energy-efficiency
data.

5. Include photometric data and adjustment factors based on laboratory tests,
complying with IES LM-45, for each luminaire type.
a. Manufacturers' Certified Data: Photometric data certified by manufacturer's

laboratory with a current accreditation under the National Voluntary
Laboratory Accreditation Program for Energy Efficient Lighting Products.
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B.  Shop Drawings: For nonstandard or custom luminaires.

C.

14

A.

1.5

A.

1.6

A.

B.

1. Include plans, elevations, sections, and mounting and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads,
required clearances, method of field assembly, components, and location and
size of each field connection.

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

Product Schedule:

1. For emergency lighting units. Use same designations indicated on Drawings.
2. For exit signs. Use same designations indicated on Drawings.
QUALITY ASSURANCE

Luminaire Photometric Data Testing Laboratory Qualifications: Luminaire
manufacturer's laboratory that is accredited under the National Volunteer Laboratory
Accreditation Program for Energy Efficient Lighting Products.

DELIVERY, STORAGE, AND HANDLING

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

WARRANTY

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

Special Warranty for Emergency Lighting Batteries: Manufacturer's standard form in
which manufacturer of battery-powered emergency lighting unit agrees to repair or
replace components of rechargeable batteries that fail in materials or workmanship
within specified warranty period.

PART 2 - PRODUCTS

2.1

A.

PRODUCTS

Refer to Lighting Fixture Schedule on the drawings for the specified fixtures and
options.
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2.2 GENERAL REQUIREMENTS FOR EMERGENCY LIGHTING

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

B. NRTL Compliance: Fabricate and label emergency lighting units, exit signs, and
batteries to comply with UL 924.

C.  Comply with NFPA 70 and NFPA 101.

D.  Comply with NEMA LE 4 for recessed luminaires.

E.  Comply with UL 1598 for fluorescent luminaires.

F. Lamp Base: Comply with ANSI C81.61 or IEC 60061-1.
G.  Bulb Shape: Complying with ANSI C79.1.

H. Internal Type Emergency Power Unit: Self-contained, modular, battery-inverter unit,
factory mounted within luminaire body and compatible with ballast.

1. Emergency Connection: Operate lamp(s) continuously full lumen output upon
loss of normal power. Connect unswitched circuit to battery-inverter unit and
switched circuit to luminaire ballast.

2. 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.

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

a.  Ambient Temperature: Less than 0 deg F or exceeding 104 deg F, with an
average value exceeding 95 deg F over a 24-hour period.

b.  Ambient Storage Temperature: Not less than minus 4 deg F and not
exceeding 140 deg F.

C. Humidity: More than 95 percent (condensing).

d.  Altitude: Exceeding 3300 feet.

4, Nightlight Connection: Operate lamp continuously at 40 percent of rated light
output.

5.  Test Push-Button and Indicator Light: Visible and accessible without opening
luminaire or entering ceiling space.

a. Push Button: Push-to-test type, in unit housing, simulates loss of normal
power and demonstrates unit operability.
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b.  Indicator Light: LED indicates normal power on. Normal glow indicates
trickle charge; bright glow indicates charging at end of discharge cycle.
Charger: Fully automatic, solid-state, constant-current type with sealed power

transfer relay.

Integral Self-Test: Factory-installed electronic device automatically initiates code-
required test of unit emergency operation at required intervals. Test failure is
annunciated by an integral audible alarm and a flashing red LED.

External Type: Self-contained, modular, battery-inverter unit, suitable for powering one
or more lamps, remote mounted from luminaire.

1.

> w

Emergency Connection: Operate LED lamp continuously. Connect unswitched
circuit to battery-inverter unit and switched circuit to luminaire.

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.

Nightlight Connection: Operate lamp in a remote luminaire continuously.
Charger: Fully automatic, solid-state, constant-current type.

Housing: NEMA 250, Type 1 enclosure listed for installation inside, on top of, or
remote from luminaire. Remote assembly shall be located no less than half the
distance recommended by the ballast or emergency power unit manufacturer,
whichever is less.

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

LED Indicator Light: Indicates normal power on. Normal glow indicates trickle
charge; bright glow indicates charging at end of discharge cycle.

Integral Self-Test: Factory-installed electronic device automatically initiates code-
required test of unit emergency operation at required intervals. Test failure is
annunciated by an integral audible alarm and a flashing red LED.

2.3 EMERGENCY LIGHTING

A.  General Requirements for Emergency Lighting Units: Self-contained units.

B.  Emergency Luminaires: as indicated on the drawings.

C.  Emergency Lighting Unit: as indicated on the drawings.

D.  Remote Emergency Lighting Units: as indicated on the drawings.
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2.4 EXIT SIGNS

A.  General Requirements for Exit Signs: Comply with UL 924; for sign colors, visibility,

B.

2.5

A.

B.

C.

D.

2.6

A.

luminance, and lettering size, comply with authorities having jurisdiction.

Internally Lighted Signs:

1. Lamps for AC Operation: LED; 50,000 hours minimum rated lamp life.
2.  Self-Powered Exit Signs (Battery Type): Internal emergency power unit.

MATERIALS

Metal Parts:

1. Free of burrs and sharp corners and edges.
2. Sheet metal components shall be steel unless otherwise indicated.
3. Form and support to prevent warping and sagging.

Doors, Frames, and Other Internal Access:

1. Smooth operating, free of light leakage under operating conditions.
2. Designed to permit relamping without use of tools.
3. Designed to prevent doors, frames, lenses, diffusers, and other components from

falling accidentally during relamping and when secured in operating position.

Housings:

1. Asindicated on the drawings.

Conduit: Electrical metallic tubing, minimum 3/4 inch in diameter.

METAL FINISHES

Appearance of Finished Work: Noticeable variations in same piece are not acceptable.
Variations in appearance of adjoining components are acceptable if they are within the
range of approved Samples and are assembled or installed to minimize contrast.

PART 3 - EXECUTION

3.1

A.

B.

EXAMINATION

Examine substrates, areas, and conditions, with Installer present, for compliance with
requirements for conditions affecting performance of luminaires.

Examine roughing-in for luminaire to verify actual locations of luminaire and electrical
connections before luminaire installation.
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C.  Examine walls, floors, roofs, and ceilings for suitable conditions where emergency
lighting luminaires will be installed.
D.  Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A.  Comply with NECA 1.
B. Install luminaires level, plumb, and square with ceilings and walls unless otherwise
indicated.
C. Supports:

1. Sized and rated for luminaire and emergency power unit weight.

2. Able to maintain luminaire position when testing emergency power unit.

3. Provide support for luminaire and emergency power unit without causing
deflection of ceiling or wall.

4, Luminaire-mounting devices shall be capable of supporting a horizontal force of
100 percent of luminaire and emergency power unit weight and vertical force of
400 percent of luminaire weight.

D.  Wall-Mounted Luminaire Support:
1. Do not attach luminaires directly to gypsum board.
E. Suspended Luminaire Support:

1. Pendants and Rods: Where longer than 48 inches, brace to limit swinging.

2. Stem-Mounted, Single-Unit Luminaires: Suspend with twin-stem hangers.
Support with approved outlet box and accessories that hold stem and provide
damping of luminaire oscillations. Support outlet box vertically to building
structure using approved devices.

3. Do not use ceiling grid as support for pendant luminaires. Connect support wires
or rods to building structure.

F. Ceiling Grid Mounted Luminaires:

Secure to any required outlet box.

Secure emergency power unit using approved fasteners in a minimum of four
locations, spaced near corners of emergency power unit.

Use approved devices and support components to connect luminaire to ceiling
grid and building structure in a minimum of four locations, spaced near corners
of luminaire.
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3.3 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections:

1. 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.  Prepare test and inspection reports.
34 STARTUP SERVICE
A Perform startup service:

1. Charge emergency power units and batteries minimum of 24 hours and conduct

one-hour discharge test.
35 ADJUSTING
A.  Adjustments: Within 12 months of date of Substantial Completion, provide on-site visit

to do the following:

1. Inspect all luminaires. Replace lamps, emergency power units, batteries, signs, or
luminaires that are defective.
a. Parts and supplies shall be manufacturer's authorized replacement parts
and supplies.
2. Conduct short-duration tests on all emergency lighting.

END OF SECTION 265219
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