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SECTION 26 05 11
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

PART 1 - GENERAL
1.1 DESCRIPTION

This section applies to all sections of Division 26.

B. Furnish and install electrical wiring, systems, equipment and
accessories in accordance with the specifications and drawings.
Capacities and ratings of motors, transformers, cable, switchboards,
panelboards, and other items and arrangements for the specified items
are shown on drawings.

C. Wiring ampacities specified or shown on the drawings are based on copper
conductors, with the conduit and raceways accordingly sized. Aluminum
conductors are prohibited.

1.2 MINIMUM REQUIREMENTS

A. References to the International Building Code (IBC), National Electrical
Code (NEC), Underwriters Laboratories, Inc. (UL) and National Fire
Protection Association (NFPA) are minimum installation requirement
standards.

B. Drawings and other specification sections shall govern in those
instances where requirements are greater than those specified in the
above standards.

1.3 TEST STANDARDS

A. All materials and equipment shall be listed, labeled or certified by a
nationally recognized testing laboratory to meet Underwriters
Laboratories, Inc., standards where test standards have been
established. Equipment and materials which are not covered by UL
Standards will be accepted provided equipment and material is listed,
labeled, certified or otherwise determined to meet safety requirements
of a nationally recognized testing laboratory. Equipment of a class
which no nationally recognized testing laboratory accepts, certifies,
lists, labels, or determines to be safe, will be considered if inspected
or tested in accordance with national industrial standards, such as
NEMA, or ANSI. Evidence of compliance shall include certified test
reports and definitive shop drawings.

B. Definitions:

1. Listed; Equipment, materials, or services included in a list
published by an organization that is acceptable to the authority
having jurisdiction and concerned with evaluation of products or
services, that maintains periodic inspection of production or listed

equipment or materials or periodic evaluation of services, and whose
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listing states that the equipment, material, or services either meets

appropriate designated standards or has been tested and found

suitable for a specified purpose.

2. Labeled; Equipment or materials to which has been attached a label,
symbol, or other identifying mark of an organization that is
acceptable to the authority having jurisdiction and concerned with
product evaluation, that maintains periodic inspection of production
of labeled equipment or materials, and by whose labeling the
manufacturer indicates compliance with appropriate standards or
performance in a specified manner.

3. Certified; equipment or product which:

a. Has been tested and found by a nationally recognized testing
laboratory to meet nationally recognized standards or to be safe
for use in a specified manner.

b. Production of equipment or product is periodically inspected by a
nationally recognized testing laboratory.

c. Bears a label, tag, or other record of certification.

4. Nationally recognized testing laboratory; laboratory which is
approved, in accordance with OSHA regulations, by the Secretary of

Labor.

1.4 QUALIFICATIONS (PRODUCTS AND SERVICES)

A.

Manufacturers Qualifications: The manufacturer shall regularly and
presently produce, as one of the manufacturer's principal products, the
equipment and material specified for this project, and shall have
manufactured the item for at least three years.

Product Qualification:

1. Manufacturer's product shall have been in satisfactory operation, on
three installations of similar size and type as this project, for
approximately three years.

2. The Government reserves the right to require the Contractor to submit
a list of installations where the products have been in operation

before approval.

1.5 MANUFACTURED PRODUCTS

A.

Materials and equipment furnished shall be of current production by
manufacturers regularly engaged in the manufacture of such items, for
which replacement parts shall be available.

When more than one unit of the same class or type of equipment is

required, such units shall be the product of a single manufacturer.
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1.6 EQUIPMENT REQUIREMENTS

A.

Where variations from the contract requirements are requested in
accordance with Section 00 72 00, GENERAL CONDITIONS and Section 01 33
23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES, the connecting work and
related components shall include, but not be limited to additions or
changes to branch circuits, circuit protective devices, conduits, wire,

feeders, controls, panels and installation methods.

1.7 EQUIPMENT PROTECTION

A.

Equipment and materials shall be protected during shipment and storage
against physical damage, vermin, dirt, corrosive substances, fumes,
moisture, cold and rain.

1. Store equipment indoors in clean dry space with uniform temperature
to prevent condensation. Equipment shall include but not be limited
to switchboards, panelboards, transformers, enclosures, controllers,
circuit protective devices, cables, wire, light fixtures, electronic
equipment, and accessories.

2. During installation, equipment shall be protected against entry of
foreign matter; and be vacuum-cleaned both inside and outside before
testing and operating. Compressed air shall not be used to clean
equipment. Remove loose packing and flammable materials from inside
equipment.

3. Damaged equipment shall be, as determined by the Resident Engineer,
placed in first class operating condition or be returned to the
source of supply for repair or replacement.

4. Painted surfaces shall be protected with factory installed removable
heavy kraft paper, sheet vinyl or equal.

5. Damaged paint on equipment and materials shall be refinished with the
same quality of paint and workmanship as used by the manufacturer so

repaired areas are not obvious.

1.8 WORK PERFORMANCE

A.

All electrical work must comply with the requirements of NFPA 70 (NEC),
NFPA 70B, NFPA 70E, OSHA Part 1910 subpart J, OSHA Part 1910 subpart S
and OSHA Part 1910 subpart K in addition to other references required by
contract.

Job site safety and worker safety is the responsibility of the
contractor.

Electrical work shall be accomplished with all affected circuits or
equipment de-energized. When an electrical outage cannot be accomplished
in this manner for the required work, the following requirements are

mandatory:
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1. Electricians must use full protective equipment (i.e., certified and
tested insulating material to cover exposed energized electrical
components, certified and tested insulated tools, etc.) while working
on energized systems in accordance with NFPA 70E.

2. Electricians must wear personal protective equipment while working on
energized systems in accordance with NFPA 70E.

3. Work on energized circuits or equipment cannot begin until prior
written approval is obtained from the Resident Engineer.

Coordinate location of equipment and conduit with other trades to

minimize interferences.

1.9 EQUIPMENT INSTALLATION AND REQUIREMENTS

A.

Equipment location shall be as close as practical to locations shown on

the drawings.

Working spaces shall not be less than specified in the NEC for all

voltages specified.

Inaccessible Equipment:

1. Where the Government determines that the Contractor has installed
equipment not conveniently accessible for operation and maintenance,
the equipment shall be removed and reinstalled as directed at no
additional cost to the Government.

2. "Conveniently accessible" is defined as being capable of being
reached quickly for operation, maintenance, or inspections without
the use of ladders, or without climbing or crawling under or over
obstacles such as, but not limited to, motors, pumps, belt guards,

transformers, piping, ductwork, conduit and raceways.

1.10 EQUIPMENT IDENTIFICATION

A.

In addition to the requirements of the NEC, install an identification
sign which clearly indicates information required for use and
maintenance of items such as panelboards, cabinets, motor controllers
(starters), safety switches, separately enclosed circuit breakers,
individual breakers and controllers in switchboards, switchgear and
motor control assemblies, control devices and other significant
equipment.

Nameplates for Normal Power System equipment shall be laminated black
phenolic resin with a white core with engraved lettering. Nameplates
for Essential Electrical System (EES) equipment, as defined in the NEC,
shall be laminated red phenolic resin with a white core with engraved
lettering. Lettering shall be a minimum of 1/2 inch [12mm] high.

Nameplates shall indicate equipment designation, rated bus amperage,
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voltage, number of phases, number of wires, and type of EES power branch

as applicable. Secure nameplates with screws.

1.11 SUBMITTALS

A.

Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA,
AND SAMPLES.

The Government's approval shall be obtained for all equipment and
material before delivery to the job site. Delivery, storage or
installation of equipment or material which has not had prior approval
will not be permitted at the job site.

All submittals shall include adequate descriptive literature, catalog
cuts, shop drawings and other data necessary for the Government to
ascertain that the proposed equipment and materials comply with
specification requirements. Catalog cuts submitted for approval shall
be legible and clearly identify equipment being submitted.

Submittals for individual systems and equipment assemblies which consist
of more than one item or component shall be made for the system or
assembly as a whole. Partial submittals will not be considered for
approval.

1. Mark the submittals, "SUBMITTED UNDER SECTION ".

2. Submittals shall be marked to show specification reference including
the section and paragraph numbers.

3. Submit each section separately.

The submittals shall include the following:

1. Information that confirms compliance with contract requirements.
Include the manufacturer's name, model or catalog numbers, catalog
information, technical data sheets, shop drawings, pictures,
nameplate data and test reports as required.

2. Submittals are required for all equipment anchors and supports.
Submittals shall include weights, dimensions, center of gravity,
standard connections, manufacturer's recommendations and behavior
problems (e.g., vibration, thermal expansion,) associated with
equipment or piping so that the proposed installation can be properly
reviewed.

3. Elementary and interconnection wiring diagrams for communication and
signal systems, control systems and equipment assemblies. All
terminal points and wiring shall be identified on wiring diagrams.

4. Parts list which shall include those replacement parts recommended by
the equipment manufacturer.

Manuals: Submit in accordance with Section 01 00 00, GENERAL

REQUIREMENTS.
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1. Maintenance and Operation Manuals: Submit as required for systems and
equipment specified in the technical sections. Furnish four copies,
bound in hardback binders, (manufacturer's standard binders) or an
approved equivalent. Furnish one complete manual as specified in the
technical section but in no case later than prior to performance of
systems or equipment test, and furnish the remaining manuals prior to
contract completion.

2. Inscribe the following identification on the cover: the words
"MAINTENANCE AND OPERATION MANUAL," the name and location of the
system, equipment, building, name of Contractor, and contract number.
Include in the manual the names, addresses, and telephone numbers of
each subcontractor installing the system or equipment and the local
representatives for the system or equipment.

3. Provide a "Table of Contents" and assemble the manual to conform to
the table of contents, with tab sheets placed before instructions
covering the subject. The instructions shall be legible and easily
read, with large sheets of drawings folded in.

4. The manuals shall include:

a. Internal and interconnecting wiring and control diagrams with data
to explain detailed operation and control of the equipment.
G. Approvals will be based on complete submission of manuals together with
shop drawings.
1.12 SINGULAR NUMBER

Where any device or part of equipment is referred to in these

specifications in the singular number (e.g., "the switch"), this

reference shall be deemed to apply to as many such devices as are
required to complete the installation as shown on the drawings.

---END- - -
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SECTION 26 05 21
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES (600 VOLTS AND BELOW)

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, and connection of

the low voltage power and lighting wiring.
1.2 RELATED WORK

A. General electrical requirements that are common to more than one section
in Division 26: Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS.

B. Conduits for cables and wiring: Section 26 05 33, RACEWAY AND BOXES FOR
ELECTRICAL SYSTEMS.

C. Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents: Section 26 05 26, GROUNDING AND
BONDING FOR ELECTRICAL SYSTEMS.

1.3 SUBMITTALS

A. In accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND
SAMPLES, furnish the following:

1. Manufacturer's Literature and Data: Showing each cable type and
rating.
1.4 APPLICABLE PUBLICATIONS

A. Publications listed below (including amendments, addenda, revisions,
supplements and errata) form a part of this specification to the extent
referenced. Publications are reference in the text by the basic
designation only.

B. American Society of Testing Material (ASTM) :

D2301-04. ... 0. Standard Specification for Vinyl Chloride
Plastic Pressure Sensitive Electrical Insulating
Tape
C. Federal Specifications (Fed. Spec.):
A-A-59544-00............ Cable and Wire, Electrical (Power, Fixed
Installation)
C. National Fire Protection Association (NFPA):
TO0-05. .. i, National Electrical Code (NEC)

D. Underwriters Laboratories, Inc. (UL):

44-02 . ittt Thermoset-Insulated Wires and Cables
83-03. . ittt Thermoplastic-Insulated Wires and Cables
467-01. ..ttt Electrical Grounding and Bonding Equipment
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486A-01 ..t ieeeieeennnn Wire Connectors and Soldering Lugs for Use with

Copper Conductors

486C—02 .0 i e eeeeeennnn Splicing Wire Connectors

486D-02 . 0 i ettt eieeennn Insulated Wire Connector Systems for Underground

Use or in Damp or Wet Locations

486E-00. ...t eeeeeeennnn Equipment Wiring Terminals for Use with Aluminum

and/or Copper Conductors

403-01 . e it ieieeennn Thermoplastic-Insulated Underground Feeder and

Branch Circuit Cable

514B-02. ..t iiiiii e e Fittings for Cable and Conduit
1479-03. 0 i i i it iiee Fire Tests of Through-Penetration Fire Stops
PART 2 - PRODUCTS

2.1 CABLE AND WIRE (POWER AND LIGHTING)

A. Cable and Wire shall be in accordance with Fed. Spec. A-A-59544, except

as hereinafter specified.

B. Single Conductor:

1.
2.

Shall be annealed copper.

Shall be stranded for sizes No. 8 AWG and larger, solid for sizes No.
10 AWG and smaller.

Shall be minimum size No. 12 AWG, except where smaller sizes are

allowed herein.

C. Insulation: THW, XHHW, or dual rated THHN-THWN shall be in accordance

with UL 44, and 83.
D. Color Code:

1.

Secondary service, feeder and branch circuit conductors shall be

color coded as follows:

208/120 volt Phase 480/277 volt
Black A Brown
Red B Orange
Blue C Yellow
White Neutral Gray *
Provide separate neutral for each branch circuit,
typical.

Use solid color compound or solid color coating for No. 12 AWG and
No. 10 AWG branch circuit conductors and neutral sizes.

Phase conductors No. 8 AWG and larger shall be color-coded using one
of the following methods:

a. Solid color compound or solid color coating.
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b. Stripes,

bands, or hash marks of color specified above.

Color as specified using 19 mm (3/4 inch) wide tape. Apply tape in

half overlapping turns for a minimum of 75 mm (three inches) for

terminal points, and in junction boxes, pull boxes, troughs,

manholes, and handholes. Apply the last two laps of tape with no
tension to prevent possible unwinding. Where cable markings are

covered by tape, apply tags to cable stating size and insulation

type.
For modifications and additions to existing wiring systems, color

coding shall conform to the existing wiring system.

2.2 SPLICES AND JOINTS

A.

In accordance with UL 486A, C,

D, E and NEC.

B. Branch circuits (No. 10 AWG and smaller):

1. Connectors: Solderless, screw-on, reusable pressure cable type, 600
volt, 105 degree C with integral insulation, approved for copper and
aluminum conductors.

2. The integral insulator shall have a skirt to completely cover the
stripped wires.

3. The number, size, and combination of conductors, as listed on the

C.

manufacturers packaging shall be strictly complied with.

Feeder Circuits:

or bolt clamp-type of high

1. Connectors shall be indent, hex screw,
conductivity and corrosion-resistant material.

2. Field installed compression connectors for cable sizes 250 kcmil and
larger shall have not less than two clamping elements or compression
indents per wire.

3. Insulate splices and joints with materials approved for the

particular use, location, voltage, and temperature. Insulate with not

less than that of the conductor level that is being joined.

2.3 CONTROL WIRING

A. Unless otherwise specified in other sections of these specifications,

B.

control wiring shall be as specified
except the minimum size shall be not
Control wiring shall be large enough

inrush conditions does not adversely

2.4 WIRE LUBRICATING COMPOUND

A.

B.

Suitable for the wire insulation and

not harden or become adhesive.

for power and lighting wiring,
less than No. 14 AWG.
so that the voltage drop under

affect operation of the controls.

conduit it is used with, and shall

Shall not be used on wire for isolated type electrical power systems.

26 05 21
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2.5 FIREPROOFING TAPE

A. The tape shall consist of a flexible, conformable fabric of organic
composition coated one side with flame-retardant elastomer.

B. The tape shall be self-extinguishing and shall not support combustion.
It shall be arc-proof and fireproof.

C. The tape shall not deteriorate when subjected to water, gases, salt
water, sewage, or fungus and be resistant to sunlight and ultraviolet
light.

D. The finished application shall withstand a 200-ampere arc for not less
than 30 seconds.

E. Securing tape: Glass cloth electrical tape not less than 0.18 mm
(7 mils) thick, and 19 mm (3/4 inch) wide.

PART 3 - EXECUTION
3.1 INSTALLATION, GENERAL

Install in accordance with the NEC, and as specified.

B. Splice cables and wires only in outlet boxes, junction boxes, pull
boxes, manholes, or handholes.

C. Wires of different systems (i.e. 120V, 277V) shall not be installed in
the same conduit or junction box system.

D. Install cable supports for all vertical feeders in accordance with the
NEC. Provide split wedge type which firmly clamps each individual cable
and tightens due to cable weight.

E. For panelboards, cabinets, wireways, switches, and equipment assemblies,
neatly form, train, and tie the cables in individual circuits.

F. Wire Pulling:

1. Provide installation equipment that will prevent the cutting or
abrasion of insulation during pulling of cables.

2. Use ropes made of nonmetallic material for pulling feeders.

3. Attach pulling lines for feeders by means of either woven basket
grips or pulling eyes attached directly to the conductors, as
approved by the Resident Engineer.

4. Pull in multiple cables together in a single conduit.

3.2 SPLICE INSTALLATION

A. Splices and terminations shall be mechanically and electrically secure.

B. Where the Government determines that unsatisfactory splices or
terminations have been installed, remove the devices and install

approved devices at no additional cost to the Government.
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3.3 CONTROL AND SIGNAL WIRING INSTALLATION

A.

Unless otherwise specified in other sections, install wiring and connect
to equipment/devices to perform the required functions as shown and
specified.

Except where otherwise required, install a separate power supply circuit
for each system so that malfunctions in any system will not affect other
systems.

Where separate power supply circuits are not shown, connect the systems
to the nearest panelboards of suitable voltages, which are intended to
supply such systems and have suitable spare circuit breakers or space
for installation.

Install a red warning indicator on the handle of the branch circuit
breaker for the power supply circuit for each system to prevent
accidental de-energizing of the systems.

System voltages shall be 120 volts or lower where shown on the drawings

or as required by the NEC.

3.4 CONTROL AND SIGNAL SYSTEM IDENTIFICATION

C.

Install a permanent wire marker on each wire at each termination.
Identifying numbers and letters on the wire markers shall correspond to
those on the wiring diagrams used for installing the systems.

Wire markers shall retain their markings after cleaning.

3.5 FIELD TESTING

A.

Feeders and branch circuits shall have their insulation tested after
installation and before connection to utilization devices such as
fixtures, motors, or appliances.

Tests shall be performed by megger and conductors shall test free from
short-circuits and grounds.

Test conductor phase-to-phase and phase-to-ground.

The Contractor shall furnish the instruments, materials, and labor for

these tests.
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SECTION 26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

- GENERAL

1.1 DESCRIPTION

A.

This section specifies general grounding and bonding requirements of
electrical equipment operations and to provide a low impedance path for
possible ground fault currents.

The terms “connect” and “bond” are used interchangeably in this

specification and have the same meaning.

1.2 RELATED WORK

A.

Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements and items that are common to more than one

section of Division 26.
Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW) : Low Voltage power and lighting wiring.

1.3 SUBMITTALS

A.

Submit in accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS.

Shop Drawings:

1. Sufficient information, clearly presented, shall be included to
determine compliance with drawings and specifications.

2. Include the location of system grounding electrode connections and
the routing of aboveground and underground grounding electrode

conductors.

1.4 APPLICABLE PUBLICATIONS

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the
extent referenced. Publications are referenced in the text by the basic
designation only.

American Society for Testing and Materials (ASTM) :

B1-2001....00iiiiieeenn.. Standard Specification for Hard-Drawn Copper
Wire
B8-2004......00iii... Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard,
or Soft
National Fire Protection Association (NFPA):

70-2005. .. i National Electrical Code (NEC)
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99-2005. . it i i e Health Care Facilities

C. Underwriters Laboratories, Inc. (UL):

44-2005 ..o, Thermoset-Insulated Wires and Cables
83-2003 ...t Thermoplastic-Insulated Wires and Cables
467-2004 . ... Grounding and Bonding Equipment
486A-486B-2003 ......... Wire Connectors

PART 2 - PRODUCTS
2.1 GROUNDING AND BONDING CONDUCTORS

A. Equipment grounding conductors shall be UL 83 insulated stranded
copper, except that sizes 6 mm? (10 AWG) and smaller shall be solid
copper. Insulation color shall be continuous green for all equipment
grounding conductors, except that wire sizes 25 mm? (4 AWG) and larger
shall be permitted to be identified per NEC.

B. Bonding conductors shall be ASTM B8 bare stranded copper, except that
sizes 6 mm? (10 AWG) and smaller shall be ASTM Bl solid bare copper
wire.

PART 3 - EXECUTION
3.1 GENERAL

A. Ground in accordance with the NEC, as shown on drawings, and as
hereinafter specified.

B. System Grounding: Separately derived systems (transformers downstream
from the service entrance): Ground the secondary neutral.

C. Equipment Grounding: Metallic structures (including ductwork and
building steel), enclosures, raceways, junction boxes, outlet boxes,
cabinets, machine frames, and other conductive items in close proximity
with electrical circuits shall be bonded and grounded.

D. Special Grounding: For patient care area electrical power system
grounding, conform to NFPA 99, and NEC.

3.4 SECONDARY EQUIPMENT AND CIRCUITS

A. Transformers: Separately derived systems (transformers downstream from
service equipment): Ground the secondary neutral at the transformer.
Provide a grounding electrode conductor from the transformer to the
nearest component of the grounding electrode system.

B. Conduit Systems:

1. Ground all metallic conduit systems. All metallic conduit systems

shall contain an equipment grounding conductor.
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2. Non-metallic conduit systems shall contain an equipment grounding
conductor, except that non-metallic feeder conduits which carry a
grounded conductor from exterior transformers to interior or
building-mounted service entrance equipment need not contain an
equipment grounding conductor.

3. Conduit containing only a grounding conductor, and which is provided
for mechanical protection of the conductor, shall be bonded to that
conductor at the entrance and exit from the conduit.

C. Feeders and Branch Circuits: Install equipment grounding conductors
with all feeders and power and lighting branch circuits.

D. Boxes, Cabinets, Enclosures, and Panelboards:

1. Bond the equipment grounding conductor to each pullbox, junction
box, outlet box, device box, cabinets, and other enclosures through
which the conductor passes.

2. Provide lugs in each box and enclosure for equipment grounding
conductor termination.

3. Provide ground bars in panelboards, bolted to the housing, with
sufficient lugs to terminate the equipment grounding conductors.

D. Motors and Starters: Provide lugs in motor terminal box and starter
housing or motor control center compartment to terminate equipment
grounding conductors.

E. Receptacles shall not be grounded through their mounting screws. Ground
with a jumper from the receptacle green ground terminal to the device
box ground screw and the branch circuit equipment grounding conductor.

F. Ground lighting fixtures to the equipment grounding conductor of the
wiring system when the green ground is provided; otherwise, ground the
fixtures through the conduit systems. Fixtures connected with flexible
conduit shall have a green ground wire included with the power wires
from the fixture through the flexible conduit to the first outlet box.

G. Fixed electrical appliances and equipment shall be provided with a
ground lug for termination of the equipment grounding conductor.

H. Panelboard Bonding: The equipment grounding terminal buses of the
normal and essential branch circuit panelboards serving the same
individual patient vicinity shall be bonded together with an insulated
continuous copper conductor not less than 16 mm? (10 AWG). These
conductors shall be installed in rigid metal conduit.

---END- - -
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SECTION 26 05 33
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, and connection of
conduit, fittings, and boxes to form complete, coordinated, grounded
raceway systems. Raceways are required for all wiring unless shown or
specified otherwise.

B. Definitions: The term conduit, as used in this specification, shall mean
any or all of the raceway types specified.

1.2 RELATED WORK
Bedding of conduits: Section 31 20 00, EARTH MOVING.
Mounting board for telephone closets: Section 06 10 00, ROUGH CARPENTRY.

C. Sealing around penetrations to maintain the integrity of fire rated
construction: Section 07 84 00, FIRESTOPPING.

D. Fabrications for the deflection of water away from the building envelope
at penetrations: Section 07 60 00, FLASHING AND SHEET METAL.

E. Sealing around conduit penetrations through the building envelope to
prevent moisture migration into the building: Section 07 92 00, JOINT
SEALANTS.

F. Identification and painting of conduit and other devices: Section 09 91
00, PAINTING.

G. General electrical requirements and items that is common to more than
one section of Division 26: Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

H. Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents: Section 26 05 26, GROUNDING AND
BONDING FOR ELECTRICAL SYSTEMS.

1.3 SUBMITTALS
In accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND
SAMPLES, furnish the following:
A. Shop Drawings:
1. Size and location of main feeders;
2. Size and location of panels and pull boxes
3. Layout of required conduit penetrations through structural elements.
4. The specific item proposed and its area of application shall be
identified on the catalog cuts.

B. Certification: Prior to final inspection, deliver to the COTR four

copies of the certification that the material is in accordance with the

drawings and specifications and has been properly installed.
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1.4 APPLICABLE PUBLICATIONS

A.

PART 2

Publications listed below (including amendments, addenda, revisions,
supplements and errata) form a part of this specification to the extent
referenced. Publications are referenced in the text by the basic
designation only.

National Fire Protection Association (NFPA):

JO0=05. . ittt National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

e Flexible Metal Conduit

5-01. . e e Surface Metal Raceway and Fittings

=03 . it e e e Rigid Metal Conduit

50-03. ... Enclosures for Electrical Equipment

360-03. ...t Liquid-Tight Flexible Steel Conduit

467-01. ..ttt Grounding and Bonding Equipment

514A-01. . iiiiiiiennnn. Metallic Outlet Boxes

514B-02. ...ttt Fittings for Cable and Conduit

514C-05.. ... Nonmetallic Outlet Boxes, Flush-Device Boxes and
Covers

651-02. . i Schedule 40 and 80 Rigid PVC Conduit

651A-03. . i Type EB and A Rigid PVC Conduit and HDPE Conduit

TO9T7-03. . ittt Electrical Metallic Tubing

1242-00. .0 iiiiiiinnen Intermediate Metal Conduit

National Electrical Manufacturers Association (NEMA) :

TC-3-04....0iiiiieon.. PVC Fittings for Use with Rigid PVC Conduit and
Tubing
FBLI-03. ... Fittings, Cast Metal Boxes and Conduit Bodies

for Conduit, Electrical Metallic Tubing and
Cable
- PRODUCTS

2.1 MATERIAL

A.

Conduit Size: In accordance with the NEC, but not less than 13 mm

(1/2 inch) unless otherwise shown. Where permitted by the NEC, 13 mm

(1/2 inch) flexible conduit may be used for tap connections to recessed

lighting fixtures.

Conduit:

1. Rigid galvanized steel: Shall Conform to UL 6, ANSI C80.1.

2. Rigid aluminum: Shall Conform to UL 6A, ANSI C80.5.

3. Rigid intermediate steel conduit (IMC): Shall Conform to UL 1242,
ANSI C80.6.
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4. Electrical metallic tubing (EMT): Shall Conform to UL 797, ANSI

C80.3. Maximum size not to exceed 105 mm (4 inch) and shall be

permitted only with cable rated 600 volts or less.

5. Flexible galvanized steel conduit: Shall Conform to UL 1.

Liquid-tight flexible metal conduit: Shall Conform to UL 360.

7. Direct burial plastic conduit: Shall conform to UL 651 and UL 651A,
heavy wall PVC or high density polyethylene (PE).
8. Surface metal raceway: Shall Conform to UL 5.
C. Conduit Fittings:
1. Rigid steel and IMC conduit fittings:

a. Fittings shall meet the requirements of UL 514B and ANSI/ NEMA
FB1.

a. Standard threaded couplings, locknuts, bushings, and elbows: Only
steel or malleable iron materials are acceptable. Integral
retractable type IMC couplings are also acceptable.

b. Locknuts: Bonding type with sharp edges for digging into the metal
wall of an enclosure.

c. Bushings: Metallic insulating type, consisting of an insulating
insert molded or locked into the metallic body of the fitting.
Bushings made entirely of metal or nonmetallic material are not
permitted.

d. Erickson (union-type) and set screw type couplings: Approved for
use in concrete are permitted for use to complete a conduit run
where conduit is installed in concrete. Use set screws of case
hardened steel with hex head and cup point to firmly seat in
conduit wall for positive ground. Tightening of set screws with
pliers is prohibited.

e. Sealing fittings: Threaded cast iron type. Use continuous drain
type sealing fittings to prevent passage of water vapor. In
concealed work, install fittings in flush steel boxes with blank
cover plates having the same finishes as that of other electrical
plates in the room.

2. Rigid aluminum conduit fittings:

a. Standard threaded couplings, locknuts, bushings, and elbows:
Malleable iron, steel or aluminum alloy materials; Zinc or cadmium
plate iron or steel fittings. Aluminum fittings containing more
than 0.4 percent copper are prohibited.

b. Locknuts and bushings: As specified for rigid steel and IMC
conduit.

c. Set screw fittings: Not permitted for use with aluminum conduit.
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3. Electrical metallic tubing fittings:

a. Fittings shall meet the requirements of UL 514B and ANSI/ NEMA
FB1.

b. Only steel or malleable iron materials are acceptable.

Couplings and connectors: Concrete tight and rain tight, with
connectors having insulated throats. Use gland and ring
compression type couplings and connectors for conduit sizes 50 mm
(2 inches) and smaller. Use set screw type couplings with four set
screws each for conduit sizes over 50 mm (2 inches). Use set
screws of case-hardened steel with hex head and cup point to
firmly seat in wall of conduit for positive grounding.

d. Indent type connectors or couplings are prohibited.

e. Die-cast or pressure-cast zinc-alloy fittings or fittings made of
"pot metal" are prohibited.

4. Flexible steel conduit fittings:

a. Conform to UL 514B. Only steel or malleable iron materials are
acceptable.

b. Clamp type, with insulated throat.

5. Liquid-tight flexible metal conduit fittings:

a. Fittings shall meet the requirements of UL 514B and ANSI/ NEMA
FB1.

b. Only steel or malleable iron materials are acceptable.

c. Fittings must incorporate a threaded grounding cone, a steel or
plastic compression ring, and a gland for tightening. Connectors
shall have insulated throats.

6. Direct burial plastic conduit fittings:

a. Fittings shall meet the requirements of UL 514C and NEMA TC3.

b. As recommended by the conduit manufacturer.

7. Surface metal raceway fittings: As recommended by the raceway
manufacturer.
8. Expansion and deflection couplings:

a. Conform to UL 467 and UL 514B.

Accommodate, 19 mm (0.75 inch) deflection, expansion, or
contraction in any direction, and allow 30 degree angular
deflections.

c. Include internal flexible metal braid sized to guarantee conduit
ground continuity and fault currents in accordance with UL 467,

and the NEC code tables for ground conductors.
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d. Jacket: Flexible, corrosion-resistant, watertight, moisture and
heat resistant molded rubber material with stainless steel jacket
clamps.

D. Conduit Supports:

1. Parts and hardware: Zinc-coat or provide equivalent corrosion
protection.

2. Individual Conduit Hangers: Designed for the purpose, having a
pre-assembled closure bolt and nut, and provisions for receiving a
hanger rod.

3. Multiple conduit (trapeze) hangers: Not less than 38 mm by 38 mm
(1-1/2 by 1-1/2 inch), 12 gage steel, cold formed, lipped channels;
with not less than 9 mm (3/8 inch) diameter steel hanger rods.

4. Solid Masonry and Concrete Anchors: Self-drilling expansion shields,
or machine bolt expansion.

E. Outlet, Junction, and Pull Boxes:

1. UL-50 and UL-514A.

2. Cast metal where required by the NEC or shown, and equipped with
rustproof boxes.

3. Sheet metal boxes: Galvanized steel, except where otherwise shown.

4. Flush mounted wall or ceiling boxes shall be installed with raised
covers so that front face of raised cover is flush with the wall.
Surface mounted wall or ceiling boxes shall be installed with surface
style flat or raised covers.

F. Wireways: Equip with hinged covers, except where removable covers are
shown.

PART 3 - EXECUTION
3.1 PENETRATIONS

A. Cutting or Holes:

1. Locate holes in advance where they are proposed in the structural
sections such as ribs or beams. Obtain the approval of the COTR prior
to drilling through structural sections.

2. Cut holes through concrete and masonry in new and existing structures
with a diamond core drill or concrete saw. Pneumatic hammer, impact
electric, hand or manual hammer type drills are not allowed, except
where permitted by the COTR as required by limited working space.

B. Fire Stop: Where conduits, wireways, and other electrical raceways pass
through fire partitions, fire walls, smoke partitions, or floors,
install a fire stop that provides an effective barrier against the
spread of fire, smoke and gases as specified in Section 07 84 00,

FIRESTOPPING, with rock wool fiber or silicone foam sealant only.
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Completely fill and seal clearances between raceways and openings with

the fire stop material.

C. Waterproofing: At floor, exterior wall, and roof conduit penetrations,
completely seal clearances around the conduit and make watertight as
specified in Section 07 92 00, JOINT SEALANTS.

3.2 INSTALLATION, GENERAL

In accordance with UL, NEC, as shown, and as hereinafter specified.

B. Essential (Emergency) raceway systems shall be entirely independent of
other raceway systems, except where specifically "accepted" by NEC
Article 517.

C. Install conduit as follows:

1. In complete runs before pulling in cables or wires.

2. Flattened, dented, or deformed conduit is not permitted. Remove and
replace the damaged conduits with new undamaged material.

3. Assure conduit installation does not encroach into the ceiling height
head room, walkways, or doorways.

4. Cut square with a hacksaw, ream, remove burrs, and draw up tight.

5. Mechanically and electrically continuous.

6. Independently support conduit at 8’0” on center. Do not use other
supports i.e., (suspended ceilings, suspended ceiling supporting
members, lighting fixtures, conduits, mechanical piping, or
mechanical ducts).

7. Support within 300 mm (1 foot) of changes of direction, and within
300 mm (1 foot) of each enclosure to which connected.

8. Close ends of empty conduit with plugs or caps at the rough-in stage
to prevent entry of debris, until wires are pulled in.

9. Conduit installations under fume and vent hoods are prohibited.

10. Secure conduits to cabinets, junction boxes, pull boxes and outlet
boxes with bonding type locknuts. For rigid and IMC conduit
installations, provide a locknut on the inside of the enclosure, made
up wrench tight. Do not make conduit connections to junction box
covers.

11. Flashing of penetrations of the roof membrane is specified in Section
07 60 00, FLASHING AND SHEET METAL.

12. Do not use aluminum conduits in wet locations.

13. Unless otherwise indicated on the drawings or specified herein, all
conduits shall be installed concealed within finished walls, floors
and ceilings.

D. Conduit Bends:

1. Make bends with standard conduit bending machines.
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Conduit hickey may be used for slight offsets, and for straightening
stubbed out conduits.

Bending of conduits with a pipe tee or vise is prohibited.

Layout and Homeruns:

1.
2.

Install conduit with wiring, including homeruns, as shown.
Deviations: Make only where necessary to avoid interferences and only
after drawings showing the proposed deviations have been submitted

approved by the COTR.

3.3 CONCEALED WORK INSTALLATION

A.

B.

In Concrete:

1.

Conduit: Rigid steel, IMC or EMT. Do not install EMT in concrete

slabs that are in contact with soil, gravel or vapor barriers.

Align and run conduit in direct lines.

Install conduit through concrete beams only when the following

occurs:

a. Where shown on the structural drawings.
As approved by the COTR prior to construction, and after submittal
of drawing showing location, size, and position of each
penetration.

Installation of conduit in concrete that is less than 75 mm (3

inches) thick is prohibited.

a. Conduit outside diameter larger than 1/3 of the slab thickness is
prohibited.

b. Space between conduits in slabs: Approximately six conduit
diameters apart, except one conduit diameter at conduit crossings.

c. Install conduits approximately in the center of the slab so that
there will be a minimum of 19 mm (3/4 inch) of concrete around the
conduits.

Make couplings and connections watertight. Use thread compounds that

are UL approved conductive type to insure low resistance ground

continuity through the conduits. Tightening set screws with pliers is

prohibited.

Furred or Suspended Ceilings and in Walls:

1.

2.

Conduit for conductors above 600 volts:

a. Rigid steel or rigid aluminum.

b. Aluminum conduit mixed indiscriminately with other types in the
same system is prohibited.

Conduit for conductors 600 volts and below:

a. Rigid steel, IMC, rigid aluminum, or EMT. Different type conduits

mixed indiscriminately in the same system is prohibited.
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3. Align and run conduit parallel or perpendicular to the building
lines.

4. Connect recessed lighting fixtures to conduit runs with maximum 1800
mm (six feet) of flexible metal conduit extending from a junction box
to the fixture.

5. Tightening set screws with pliers is prohibited.

3.4 EXPOSED WORK INSTALLATION

A. Unless otherwise indicated on the drawings, exposed conduit is only
permitted in mechanical and electrical rooms.

B. Conduit for conductors above 600 volts:

1. Rigid steel or rigid aluminum.

2. Aluminum conduit mixed indiscriminately with other types in the same
system is prohibited.

C. Conduit for Conductors 600 volts and below:

1. Rigid steel, IMC, rigid aluminum, or EMT. Different type of conduits
mixed indiscriminately in the system is prohibited.

Align and run conduit parallel or perpendicular to the building lines.

Install horizontal runs close to the ceiling or beams and secure with

conduit straps.

F. Support horizontal or vertical runs at not over 2400 mm (eight foot)
intervals.

Surface metal raceways: Use only where shown.

Painting:

1. Paint exposed conduit as specified in Section 09 91 00, PAINTING.

2. Paint all conduits containing cables rated over 600 volts safety
orange. Refer to Section 09 91 00, PAINTING for preparation, paint
type, and exact color. In addition, paint legends, using 50 mm (two
inch) high black numerals and letters, showing the cable voltage
rating. Provide legends where conduits pass through walls and floors
and at maximum 6000 mm (20 foot) intervals in between.

3.5 HAZARDOUS LOCATIONS

A. Use rigid steel conduit only, notwithstanding requirements otherwise
specified in this or other sections of these specifications.

B. Install UL approved sealing fittings, that prevent passage of explosive
vapors, in hazardous areas equipped with explosive proof lighting
fixtures, switches, and receptacles, as required by the NEC.

3.6 WET OR DAMP LOCATIONS
A. Unless otherwise shown, use conduits of rigid steel or IMC.
B. Provide sealing fittings, to prevent passage of water vapor, where

conduits pass from warm to cold locations, i.e., (refrigerated spaces,
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constant temperature rooms, air conditioned spaces building exterior
walls, roofs) or similar spaces.

Unless otherwise shown, use rigid steel or IMC conduit within 1500 mm (5
feet) of the exterior and below concrete building slabs in contact with
soil, gravel, or vapor barriers. Conduit shall include an outer factory
coating of .5 mm (20 mil) bonded PVC or field coat with asphaltum before
installation. After installation, completely coat damaged areas of

coating.

3.7 MOTORS AND VIBRATING EQUIPMENT

A.

Use flexible metal conduit for connections to motors and other
electrical equipment subject to movement, vibration, misalignment,
cramped quarters, or noise transmission.

Provide liquid-tight flexible metal conduit for installation in exterior
locations, moisture or humidity laden atmosphere, corrosive atmosphere,
water or spray wash-down operations, inside (air stream) of HVAC units,
and locations subject to seepage or dripping of o0il, grease or water.

Provide a green ground wire with flexible metal conduit.

3.8 EXPANSION JOINTS

A.

Conduits 75 mm (3 inches) and larger, that are secured to the building
structure on opposite sides of a building expansion joint, require
expansion and deflection couplings. Install the couplings in accordance
with the manufacturer's recommendations.

Provide conduits smaller than 75 mm (3 inches) with junction boxes on
both sides of the expansion joint. Connect conduits to junction boxes
with sufficient slack of flexible conduit to produce 125 mm (5 inch)
vertical drop midway between the ends. Flexible conduit shall have a
copper green ground bonding jumper installed. In lieu of this flexible
conduit, expansion and deflection couplings as specified above for 375
mm (15 inches) and larger conduits are acceptable.

Install expansion and deflection couplings where shown.

Seismic Areas: In seismic areas, provide conduits rigidly secured to the
building structure on opposite sides of a building expansion joint with
junction boxes on both sides of the joint. Connect conduits to junction
boxes with 375 mm (15 inches) of slack flexible conduit. Flexible

conduit shall have a copper green ground bonding jumper installed.

3.9 CONDUIT SUPPORTS, INSTALLATION

A.

Safe working load shall not exceed 1/4 of proof test load of fastening
devices.
Use pipe straps or individual conduit hangers for supporting individual

conduits. Maximum distance between supports is 2.5 m (8 foot) on center.
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Support multiple conduit runs with trapeze hangers. Use trapeze hangers
that are designed to support a load equal to or greater than the sum of
the weights of the conduits, wires, hanger itself, and 90 kg (200
pounds) . Attach each conduit with U-bolts or other approved fasteners.
Support conduit independently of junction boxes, pull boxes, fixtures,
suspended ceiling T-bars, angle supports, and similar items.
Fasteners and Supports in Solid Masonry and Concrete:
1. New Construction: Use steel or malleable iron concrete inserts set in
place prior to placing the concrete.
2. Existing Construction:
a. Steel expansion anchors not less than 6 mm (1/4 inch) bolt size
and not less than 28 mm (1-1/8 inch) embedment.
b. Power set fasteners not less than 6 mm (1/4 inch) diameter with
depth of penetration not less than 75 mm (3 inches).
c. Use vibration and shock resistant anchors and fasteners for
attaching to concrete ceilings.
Hollow Masonry: Toggle bolts are permitted.
Bolts supported only by plaster or gypsum wallboard are not acceptable.
Metal Structures: Use machine screw fasteners or other devices
specifically designed and approved for the application.
Attachment by wood plugs, rawl plug, plastic, lead or soft metal
anchors, or wood blocking and bolts supported only by plaster is
prohibited.
Chain, wire, or perforated strap shall not be used to support or fasten
conduit.
Spring steel type supports or fasteners are prohibited for all uses
except: Horizontal and vertical supports/fasteners within walls.
Vertical Supports: Vertical conduit runs shall have riser clamps and
supports in accordance with the NEC and as shown. Provide supports for
cable and wire with fittings that include internal wedges and retaining
collars.
BOX INSTALLATION
Boxes for Concealed Conduits:
1. Flush mounted.
2. Provide raised covers for boxes to suit the wall or ceiling,
construction and finish.
In addition to boxes shown, install additional boxes where needed to

prevent damage to cables and wires during pulling in operations.
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C. Remove only knockouts as required and plug unused openings. Use threaded
plugs for cast metal boxes and snap-in metal covers for sheet metal
boxes.

D. Outlet boxes in the same wall mounted back-to-back are prohibited. A
minimum 600 mm (24 inch), center-to-center lateral spacing shall be
maintained between boxes.)

E. Minimum size of outlet boxes for ground fault interrupter (GFI)
receptacles is 100 mm (4 inches) square by 55 mm (2-1/8 inches) deep,
with device covers for the wall material and thickness involved.

F. Stencil or install phenolic nameplates on covers of the boxes identified
on riser diagrams; for example "SIG-FA JB No. 1".

G. On all Branch Circuit junction box covers, identify the circuits with

black marker.
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SECTION 26 05 71
ELECTRICAL SYSTEM PROTECTIVE DEVICE STUDY

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the requirements of the Electrical System
Protective Device Study. The contractor shall submit the study prior or
along with electrical equipment shop drawings.

B. A short circuit and coordination study shall be prepared for the
electrical over current devices to be installed under this project to
assure proper equipment and personnel protection.

C. The study shall present an organized time-current analysis of each
protective device in series from the new panel back to the upstream
distribution board. The study shall reflect the operation of each device
during normal and abnormal current conditions.

1.2 RELATED WORK

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements that are common to more than one section of
Division 26.

Section 26 24 16, PANELBOARDS: Low voltage panelboards.

Section 26 24 11, DISTRIBUTION PANELBOARDS: Low voltage distribution

panelboards.

1.3 SUBMITTALS

A. In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS, submit the following:

Complete short circuit and coordination study as described herein.

Protective equipment shop drawings shall be submitted simultaneously

with or after the protective device study. Protective equipment shop

drawings will not be accepted prior to protective device study.

D. Certification: Two weeks prior to final inspection, submit four copies
of the following to the Resident Engineer:

1. Certification by the Contractor that the protective devices have been
adjusted and set in accordance with the approved protective device
study.

1.4 QUALIFICATIONS

The protective device study shall be prepared by qualified engineers of

the manufacturer or an approved consultant. The Contractor is

responsible for providing all pertinent information required by the

preparers to complete the study.
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1.5 REQUIREMENTS

A. The complete study shall include a system one line diagram, short

circuit and ground fault analysis, and protective coordination plots.

B. One Line Diagram:

1.

Show, on the one line diagram, all electrical equipment and wiring to
be protected by the overcurrent devices installed under this project.
Clearly show, on the one line, the schematic wiring of the electrical
distribution system.
Also show on the one line diagram the following specific information:
a. Calculated fault impedance, X/R ratios, and short circuit values
at the new panel.
b. Breaker and fuse ratings.
c. Voltage at each bus.
Identification of each bus.

e. Conduit material, feeder sizes, length, and X/R ratios.

C. Short Circuit Study:

1.

Systematically calculate the fault impedance to determine the
available short circuit and ground fault currents at each bus.
Incorporate the motor contribution in determining the momentary and
interrupting ratings of the protective devices.

The study shall be calculated by means of a computer program.
Pertinent data and the rationale employed in developing the
calculations shall be incorporated in the introductory remarks of the
study.

Present the data determined by the short circuit study in a table
format. Include the following:

Device identification.

Operating voltage.

Protective device.

0O Q0 O W

Device rating.

e. Calculated short circuit current.

D. Coordination Curves:

1.

Prepare the coordination curves to determine the required settings of
protective devices to assure selective coordination. Graphically
illustrate on log-log paper that adequate time separation exists
between new panel and upstream board.

The following specific information shall also be shown on the
coordination curves:

a. Device identification.

b. Voltage and current ratio for curves.
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3-phase and l-phase ANSI damage points for each transformer.
No-damage, melting, and clearing curves for fuses.
Cable damage curves.

Transformer inrush points.

Q Hh 0O Q O

Maximum short circuit cutoff point.
3. Develop a table to summarize the settings selected for the protective
devices. Include the following in the table:
a. Device identification.
b. Circuit breaker sensor rating, long-time, short-time, and
instantaneous settings, and time bands.

c. Fuse rating and type.

1.6 ANALYSIS

A.

Analyze the short circuit calculations, and highlight any equipment that
is determined to be underrated as specified. Propose approaches to
effectively protect the underrated equipment. Provide minor
modifications to conform with the study (Examples of minor modifications
are trip sizes within the same frame, the time curve characteristics of
induction relays, C.T. ranges, etc.).

After developing the coordination curves, highlight areas lacking
coordination. Present a technical evaluation with a discussion of the

logical compromises for best coordination.

1.7 ADJUSTMENTS, SETTINGS AND MODIFICATIONS

A.

Necessary final field adjustments, settings and minor modifications
shall be made to conform with the protective device study without
additional cost to the Government.

All final circuit breaker and fuse sizes shall be made in accordance
with the recommendations of the protective device study.

---END- - -
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SECTION 26 09 23
LIGHTING CONTROLS

PART 1 - GENERAL

1.1 DESCRIPTION
This section specifies the furnishing, installation and connection of
the lighting controls.

1.2 RELATED WORK

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
requirements that are common to more than one section of Division 26.

B. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW) : Cables and wiring.

1.3 QUALITY ASSURANCE

A. Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS

FOR ELECTRICAL INSTALLATIONS.
1.4 DEFINITIONS

A. Low Voltage: As defined in NFPA 70 for circuits and equipment operating
at less than 50 V or for remote-control, signaling and power-limited
circuits.

B. Monitoring: Acquisition, processing, communication, and display of
equipment status data, metered electrical parameter values, event and
alarm signals, tabulated reports, and event logs.

PC: Personal computer; sometimes plural as "PCs."

DALI: Digitally Addressable Lighting Interface. An international
standard for bi-directional communication between smart addressable
lighting equipment such as fluorescent ballasts, motion sensors, and
wall switches. Relies on a polarity-insensitive two-wire bus running
between all devices. Wire may be run in conduit with power or free in
plenum with appropriately rated wire. FEach DALI bus is powered by
either a digital control cabinet or a standalone DALI power supply.

E. ZigBee: An international standard for bi-directional wireless mesh
network communication. Works at the 2.4GHz frequency and uses secure
128 bit encryption for all traffic.

F. Mesh network: A robust and highly reliable method of communicating
between wireless devices. Designed to withstand failures of individual
nodes by routing around the issue. Used to communicate between digital
control cabinets (where a wired connection between cabinets is not
possible) .and remote devices controlling individual fixtures or stand-

alone wired fixture groups.
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0-10V: A standard interface for controlling dimmable lighting loads
where the signal voltage from 0 to 10 volts is proportional to the light
output of the lamp being controlled.

1.5 SUBMITTALS

A.

In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS, submit the following:

Product Data: For each type of lighting control, submit the following

information.

1. Manufacturer’s catalog data.

2. Wiring schematic and connection diagram.

3. Installation details.

Manuals:

1. Submit, simultaneously with the shop drawings companion copies of
complete maintenance and operating manuals including technical data
sheets, and information for ordering replacement parts.

2. Two weeks prior to the final inspection, submit four copies of the
final updated maintenance and operating manuals, including any
changes, to the Resident Engineer.

Product Data Sheets: Detailed data sheets must be provided for control

cabinets and all related materials and devices required to provide full

system functionality.

Shop Drawings: Submittals shall include detailed drawings showing

integration of all required components assembled to accomplish specific

system design intent.

1. Outline Drawings: Indicate dimensions, arrangement of components, and
clearance and access requirements.

2. Block Diagram: Show interconnections between components specified in
this section and devices furnished with interrelated system. Indicate
data communication paths and identify networks, data buses, and other
devices to be used. Describe characteristics of network and required
data communication lines.

3. Wiring Diagrams: Provide drawings which clearly indicate power,
signal, and control wiring.

Coordination Drawings: Submit evidence that lighting controls are

compatible with connected monitoring and control devices and systems

specified in other Sections.

1. Show interconnecting signal and control wiring and interfacing

devices that support compatibility of inputs and outputs.
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2. For networked controls, list network protocols and provide statements
from manufacturers that input and output devices meet
interoperability requirements of the network protocol.

G. Software and Firmware Operational Documentation:

1. Manuals: Provide software operating and upgrade manuals.

2. Program Software Backup: On a magnetic media or compact disc, supply
initial commissioning tables complete with data files.

3. Device address list.

H. Field quality-control test reports.

Software licenses: Provide names and ownership certifications of all
software required by and installed for operation and programming of
digital and analog devices.

J. Operation Data: Provide “Sequence of Information” for established
lighting scenes including all normal and emergency modes of operation.

K. Warranty: Specify warranty for all hardware and software elements
covered in this Section.

L. Certifications:

1. Two weeks prior to final inspection, submit four copies of the
following certifications to the Resident Engineer:
a. Certification by the Contractor that the equipment has been
properly installed, adjusted, and tested.
1.6 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: All Components must be
listed and labeled by a recognized testing agency acceptable to
authorities having jurisdiction, and marked for intended use.

B. Factory Assembly: All relays, touch tablet graphic user interfaces,
controllers, enclosures, switch stations, photo sensors, occupancy
sensors and miscellaneous components shall be factory assembled and
tested. All system components shall arrive at the job site completely
pre-wired and ready for installation, requiring only the connection of
lighting circuits and network terminations. All connections shall be
made to clearly and permanently labeled termination points. Systems that
require field assembly shall not be acceptable.

C. Component Testing: All system components and assemblies shall be
individually tested prior to assembly. Once assembled, all finished
products shall be tested for proper operation of all control functions
per specifications prior to shipment.

D. NEC Compliance: All system components shall comply with all applicable

sections of the National Electrical Code (NEC) as required.
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NEMA Compliance: All system components shall comply with all applicable
portions of NEMA standards pertaining to types of electrical equipment
and enclosures.

UL Approval: All applicable equipment shall be tested to and listed
under UL standard 508 and/or UL 916 and shall bare labels to indicate
compliance.

FCC Emissions: All applicable equipment shall comply with FCC emissions
standards specified in Part 15, subpart B for commercial and residential
applications and shall bear labels indicating compliance testing.

Equipment the does not meet these standards shall not be acceptable.

1.7 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,

supplements, and errata) form a part of this specification to the extent

referenced. Publications are referenced in the text by designation only.

Green Seal (GS):

GC-12. . ittt it iiien Occupancy Sensors

Illuminating Engineering Society of North America (IESNA):

TESNA IM-48.....0vve... Guide for Calibration of Photoelectric Control
Devices

National Electrical Manufacturer's Association (NEMA)

Cl36.10. ... American National Standard for Roadway Lighting
Equipment-Locking-Type Photocontrol Devices
and Mating Receptacles - Physical and
Electrical Interchangeability and Testing

I O e Standard for Industrial Control and Systems
General Requirements

I O T Standard for Industrial Control and Systems:
Controllers, Contractors, and Overload Relays
Rated Not More than 2000 Volts AC or 750 Volts
DC: Part 8 - Disconnect Devices for Use in
Industrial Control Equipment

I O T Standard for Industrial Controls and Systems
Enclosures

Underwriters Laboratories, Inc. (UL):

O Standard for General-Use Snap Switches

S Standard for Plug-In Locking Type Photocontrols
for Use with Area Lighting

TT3RA ot i i i i Nonindustrial Photoelectric Switches for
Lighting Control

< Enclosed and Dead-Front Switches
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S Clock Operated Switches

Special Warranty: Manufacturer's standard form in which manufacturer
agrees to repair or replace components of lighting controls that fail in
materials or workmanship within specified warranty period.

1. Failures include, but are not limited to, the following: Failure of
software input/output to execute switching or dimming commands.

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

SOFTWARE SERVICE AGREEMENT

Technical Support: Provide remote software support for one year

(requires system internet access) from date of Substantial Completion

Upgrade Service: Update software to latest version at Project

completion. Install and program software upgrades that become available

with one year from date of Substantial Completion. Upgrade shall
include new or revised licenses for use of the software.
- PRODUCTS

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products

by one of the following:

1. Exergy Controls, LLC

SYSTEM REQUIREMENTS

Performance Requirements: Individually addressable devices are operated

via digital signals transmitted and received through a two-wire DALI-

based network and/or wireless mesh network. CNetwork control is
achieved via wired Ethernet connection to the Internet (requiring no
extra gateway or translator equipment) and/or ZigBee transceiver - both
communication technologies integrated into each digital control cabinet.

System shall support simultaneous wired and wireless bidirectional

communication between digital control cabinet and each wired/wireless

device.

Summary of required system features. System shall:

1. Be based on the international DALI standard, the ZigBee wireless mesh
network standard at 2.4GHz frequency, and the ubigquitous Ethernet
communication standard

2. Consist of one or more digital control cabinets that act as base
stations for the DALI and wireless network

3. Provide a digital control cabinet to be mounted indoors with an
Internet connection via a 10/100 Base-T Ethernet line that allows
remote monitoring and control of the entire system without requiring

a dedicate telephone line to the system.
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4. Provide individually-addressable, bi-directional communication
between each control device in the system. Controllers and ballasts
shall respond appropriately to status queries.
5. Support grouping of ballasts into as many as 16 different groups per
DALI bus.
6. Support up to 16 different preset scenes per DALI ballast.
7. Utilize industry-standard 256-bit AES encryption for Ethernet
communication and 128-bit AES encryption for wireless communication
8. Come standard with PC-based control software allowing users to
control and monitor the system at no additional cost. System
operational history (energy used) shall be logged and be retrievable
via software so performance can be measured.
9. Provide a robust scheduling system based on an astronomical time
clock allowing individual fixture control
10. Come with a no-additional-cost l-year support contract. Extended
yearly support available at competitive rates
2.3 CONTROL MODULE

A. The system is controlled via a network of digital control cabinets. The
control cabinet(s) provides the base station for the wireless network as
well a wired Ethernet connection for communication with any Internet-
enabled device.

2.4 MATERIALS

A. Electrical contractor shall provide and install a complete Digital
System (Control Cabinets, Switches, Sensors and all ancillary devices)
of the types and quantities shown on the drawings and specified herein
to complete a comprehensive and fully functioning system to meet the
design intent.

B. Digital control cabinet: Base station for simultaneous wired and
wireless digital communication between fixtures, devices, other system
Digital Control Cabinets and the Internet
1. Hybrid system connectivity

a. Multiple DALI networks can be linked together using wireless
ZigBee or Ethernet communication

b. Seamless communication between DALI networks
Mesh networked wireless digital communications
Allows integration of multiple control cabinets into one unified
system

e. Control cabinet can be used as an independent element or multiple
control cabinets can be combined into a robust network with

Ethernet or wireless connectivity between nodes.
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f. Supported external communication protocols including Internet
standards such as XML, SOAP, http, plus RS-232 and others.
2. Wired communication
a. Each control cabinet supports up to 4 DALI digital control busses,
with up to 64 fixtures (50 fixtures recommended to allow for
future expansion) on each bus.
b. Up to 2 programmable-function dry-contact inputs per cabinet
128-bit hardware-assisted AES encryption for all wireless traffic
Makes full use of a Local Area Network (LAN) connection to provide
wired connectivity between control cabinets
e. Autosensing 10/100 Base-T LAN and Internet connectivity directly
into cabinet
3. Comprehensive web server interface for configuration of network
parameters
4. Automatic network discovery of peer cabinets on LAN
5. Wireless communication
a. ZigBee IEEE 802.15.4-based open standard
b. Supports up to 150 wireless devices per wireless network. A
virtually unlimited number of wireless networks can be combined
into a unified system using Ethernet connections.
c. Spread spectrum frequency agile wireless communication
d. Secure bi-directional wireless mesh network
6. Maintenance, monitoring, and remote access
a. Allows remote troubleshooting by authorized manufacturer personnel
to review system operation and aid in commissioning activities
b. Real-Time System Status: True two-way communication between
cabinet, ballasts and all devices allows current status of all
components and knowledge of any device failures.
7. Certifications
a. All control components meet or exceed Title 24 efficiency
standards and are listed with the California Energy Commission,
where appropriate
8. Construction:
a. Each lighting control panel shall be manufactured of continuously
welded steel
1) 16 GA for housing and covers
2) 18 GA for all internal (non-structural) covers/elements.
b. Finish: Control Cabinets shall be primed and painted with a powder
coat finish. Unpainted or galvanized enclosures are not

acceptable.
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c. Computer circuitry fully enclosed in tamper- resistant compartment
with 16 GA steel cover

d. Power Supply: Listed Dual 120/277 VAC, 60Hz, 40VA MAX Class II
transformer

e. Connections: All connections shall be made to clearly and
permanently labeled termination points.

Computer Hardware: Digital circuit design will incorporate a

motherboard capable of:

a. Providing back-up storage of ballast and device settings for all
elements supported by its control circuits

b. Coordinating communication between all internal and external
digital circuits comprising the complete system

c. Incorporating removable circuit cards providing
1) 1 to 4 digital communication busses, providing expansion as

needed

2) Wireless communication via 2.4GHz ZigBee protocol
3) Additional slot for future expansion or technological

improvements

C. Lighting Control Software: Powerful post-installation data logging and

system support

1.

2
3.
4

0 3 o U,

Individual user control via simple-to-use Windows taskbar icon
Comprehensive system control and monitoring for building managers
Ability to change settings and light levels on the fly

Track ballast and lamp life down to the minute to take advantage of
warranties

Track history of power usage with detail down to a single fixture
Integrated Demand Response over the internet

Flexibility to set schedules base on what a user wants

Create maintenance reports automatically and email someone

daily/weekly/monthly..

D. Occupancy sensor

1.

Sensing options available in the system: passive infrared (PIR),
ultrasonic (US), PIR + US dual-technology, acoustic, acoustic + PIR
dual-technology.

450, 1000, and 2000 square foot coverage options, with 180° or 360°
patterns

Powered by direct connection to DALI bus

No power pack required

4.5" Diameter, 1.5" high for ceiling mount sensors; standard decora-

style form factor for wall sensors.
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Ceiling or wall mountable

Supports sensitivity and time delay adjustment

E. Photo sensor

= o o w N

w0 oYy O N

Robust light level input options from 1FC to 10000 FC

Direct connection to the DALI bus. No additional wiring required.
Can control up to 64 fixtures per photocell

Interchangeable lens covers to support any environmental conditions

Low-profile design, approx. 1" diameter, 2" tall with lens

-button Wall switch

The 5-button switch is made up of two primary parts:

a. Cover plate and backbox containing the control circuitry
b. Two wires for connection to a DALI bus

Simple to label and relabel with protective plastic cover
Screwless cover

Designed for installation into a single-gang box
Dimensions: 2.75" x 4.5" x .94" (69.8mm x 114.3mm x 23.9mm)
Can call up to 16 different lighting scenes

Button function can be locked-out based on time schedule

-button Wall switch with dim up and dim down adjustment

Fits conventional decorator switch openings

Simple two-wire connection to a DALI loop.

No extra wiring required

Dimensions: 2.65” x 1.75” x 1.98” (67.1lmm x 44.5 mm x 50.3mm) = L x W
x D. Depth in wall = 1.65” (41.9mm).

Designed for installation into a single-gang box with any Decora-
style faceplate.

Comes with dim up/dim down functionality and ability to call up to 16
scenes

Elegant look and reliable operation for areas that demand fine-

grained adjustment

H. Wireless controls

1.

All wireless controllers come standard with the following features:

a. Communicates via a secure bidirectional wireless link to all other
wireless devices at the site, allowing individual control of each
fixture, providing seamless 24/7 access to the fixture with the
reliablilty of a wired system

b. 128-bit hardware-assisted AES encryption for all wireless traffic
ZigBee IEEE 802.15.4-based open standard at 2.4 GHz
Spread-spectrum frequency agile wireless communication for

interference-free operation
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Supports up to 150 wireless devices per wireless network. A

virtually unlimited number of wireless networks can be combined

into a unified system using Ethernet connections.

For pole-mounted devices, a trouble-free mounting system designed

to slide within standard 3” to 6” (inner diameter) poles is

provided. The controller is housed within a damp-location rated
extruded aluminum housing. Integral wires make system
installation a snap.

Low profile antenna options mean the system is almost invisible to

the naked eye

ilable wireless control options include the following:

Wirelessly-controlled 0-10V with line voltage switching

1) Designed to be easily mounted in the pole of a parking lot
light fixture, providing easy access to existing circuits for
retrofit situations.

2) Able to line-voltage switch up to four circuits independent of
one another, allowing precise control over each head of a
multi-head pole

3) Provides two industry standard 0-10VDC outputs to dim any type
of fluorescent, HID, LED, and HPS source accepting a 0-10V
input. A flexible wiring scheme allows each of the two 0-10V
outputs to control one or more fixtures as needed. Simple bi-
level or continuous dimming is available from the same wireless
device.

4) Provides robust, zero-crossover line voltage switching using
all solid-state components for improved switching life. No
bulky contactors with life-limited moving parts are used.

Wirelessly-controlled PWM dimming for LEDs

1) Designed to provide constant-voltage, continuous dimming from
100 percent of light output down to 4 percent of light output
with more than 25 levels in between.

2) Can be mounted in the pole of a parking lot light fixture, or
provided as an integral part of certain fixtures.

3) Wired between any standard constant-voltage LED driver and the
fixture’s LED array

4) Provides a pulse frequency of at least 5kHz for clean, flicker-
free light output

5) Can control up to four constant-voltage circuits rated up to 4
amps each.

Wirelessly-controlled Standalone DALI power supply board
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1) Provides power to a single DALI digital communications bus with
a robust wireless communication front-end.

2) Allows the installation of a DALI control bus in remote
locations where home-runs back to an Exergy Digital Control
Cabinet would be impractical.

3) Supports a complete array of DALI functionality including up to
04 fixtures, 250mA of device load, and bidirectional

communication with the larger lighting control network.

PART 3 - EXECUTION

3.

3.

1

2

A.

A.

WIRING INSTALLATION

Comply with NECA 1.

MANUFACTURER’S SERVICES

Installation Assistance: During the installation process, the
manufacturer shall provide, at no cost, technical support via a toll-
free telephone line to the installing contractor or Owner’s
representative to answer questions and supply additional information
when required.

System Start-Up: The system manufacturer shall provide a factory
authorized field engineer to the project site after installation has
been completed and prior to system energization for the purpose of
testing and adjustment of the system. Factory field engineer shall test
and verify all system functions and ensure proper operation of the
system components in accordance with the specifications and on-site
conditions. The installing contractor shall notify the system
manufacturer in writing that the system is completely wired and ready to
be energized and tested 2 weeks prior to scheduling a field engineer for
start-up of the system. Should the field engineer arrive on the job site
and find the installation incomplete, the installing contractor shall
pay the cost of any future visits by the field engineer required to
complete the system start-up.

On-Site Programming: During the start-up procedure, the factory field
engineer shall provide programming assistance and guidance to the
building operating personnel in order to program the systems for initial
operation.

Instruction: During the start-up procedure, the factory field engineer
shall provide training to the building operating personnel in the
operation, programming and maintenance of the lighting control system.
SOFTWARE INSTALLATION

Install and program software with initial settings of adjustable values.

Make backup copies of software and user-supplied wvalues.
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3.4 REMOTE ASSISTANCE
A. Remote Support: The system manufacturer shall provide remote programming
assistance (via Internet Access provided by others) for changes to
system settings or reconfiguration of spaces for a period of one year
from date of substantial completion. This support is intended to assist
the owner with minor changes to the facilities operation and does not
cover a complete redesign or recommissioning of system operation and/or

function.
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SECTION 26 24 16
PANELBOARDS

PART 1 - GENERAL

1.1 DESCRIPTION
This section specifies the furnishing, installation and connection of
panelboards. The standard established at this facility is: Primary -
Square D; Secondary - Cutler Hammer. Any deviation from these
manufacturers will require request and justification in writing to the
project manager for approval.

1.2 RELATED WORK

A. Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirements for seismic restraint of nonstructural
components.

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements and items that are common to more than one
Section of Division 26.

C. Section 26 05 71, ELECTRICAL SYSTEM PROTECTIVE DEVICE STUDY:
Requirements for the over current protective devices to be installed to
ensure proper equipment and personnel protection.

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits
and outlet boxes.

E. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW) : Cables and wiring.

F. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

1.3 SUBMITTALS

A. Submit in accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS.

B. Shop Drawings:

1. Sufficient information, clearly presented, shall be included to
determine compliance with drawings and specifications.

2. Include electrical ratings, dimensions, mounting details, materials,
wiring diagrams accessories and weights of equipment. Complete

nameplate data including manufacturer’s name and catalog number.
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Certification: Two weeks prior to final inspection, submit four copies
of the following to the Resident Engineer:
1. Certification that the material is in accordance with the drawings
and specifications has been properly installed, and that the loads

are balanced.

1.4 APPLICABLE PUBLICATIONS

PART 2

Publications listed below (including amendments, addenda, revisions,

supplements and errata) form a part of this specification to the extent

referenced. Publications are referenced in the text by the basic

designation only.

National Electrical Manufacturers Association (NEMA) :

PB-1-2006......c0vvvnnn Panelboards

AB-1-2002. ... Molded Case Circuit Breakers, Molded Case
Switches and Circuit Breaker Enclosures

National Fire Protection Association (NFPA):

70-2005 ..o, National Electrical Code (NEC)

TOE-2004. ... Standard for Electrical Life Safety in the
Workplace

Underwriters Laboratories, Inc. (UL):

50-2003. ...t Enclosures for Electrical Equipment

67-2003. .. i, Panel boards

489-2006.. ... Molded Case Circuit Breakers and Circuit

Breaker Enclosures

- PRODUCTS

2.1 PANELBOARDS

A.

Panelboards shall be in accordance with UL, NEMA, NEC, and as shown on

the drawings.

Panelboards shall be standard manufactured products. All components of

the panelboards shall be the product and assembly of the same

manufacturer. All similar units of all panelboards are to be of the
same manufacturer.

All panelboards shall be hinged “door in door” type with:

1. Interior hinged door with hand operated latch or latches as required
to provide access to circuit breaker operating handles only, not to
energized ports.

2. Outer hinged door shall be securely mounted to the panelboard box
with factory bolts, screws, clips or other fasteners requiring a

tool for entry, hand operated latches are not acceptable.
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Push inner and outer doors shall open left to right.

D. All panelboards shall be completely factory assembled with molded case

circuit breakers. Include one-piece removable, inner dead front cover

independent of the panelboard cover.

E. Panelboards shall conform to NEMA PB-1, NEMA AB-1 and UL 67 and have

the following features:

1.

Nonreduced size copper or aluminum bus bars, complete with current
ratings as shown on the panel schedules connection straps bolted
together and rigidly supported on molded insulators.

Bus bar connections to the branch circuit breakers shall be the
“distributed phase” or “phase sequence” type. Single-phase, three-
wire panelboard busing shall be such that when any two adjacent
single-pole breakers are connected to opposite phases, two-pole
breakers can be installed in any location. Three-phase, four-wire
busing shall be such that when any three adjacent single-pole
breakers are individually connected to each of the three different
phases, two-or three-pole breakers can be installed at any location.
Current-carrying parts of the bus assembly shall be plated. Mains
ratings shall be as shown.

Mechanical lugs furnished with panelboards shall be cast, stamped or
machined metal alloys of sizes suitable for the conductors indicated
to be connected thereto.

Neutral bus shall be 100% rated, mounted on insulated supports.
Grounding bus bar equipped with screws or lugs for the connection of
grounding wires.

Buses braced for the available short circuit current, but not less
than 22,000 amperes symmetrical for 120/208 volt and 120/240 volt
panelboards, and 14,000 amperes symmetrical for 277/480-volt
panelboards.

Branch circuit panels shall have buses fabricated for bolt-on type
circuit breakers.

Where designated on panel schedule "spaces", include all necessary
bussing, device support and connections. Provide blank cover for

each space.

2.2 CABINETS AND TRIMS

A. Cabinets:
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Provide galvanized steel cabinets to house panelboards. Cabinets for
outdoor panels shall be factory primed and suitably treated with a
corrosion-resisting paint finish meeting UL 50 and UL 67.
Cabinet enclosure shall not have ventilating openings.
Cabinets for panelboards may be of one-piece formed steel or of
formed sheet steel with end and side panels welded, riveted, or

bolted as required.

2.3 MOLDED CASE CIRCUIT BREAKERS FOR PANELBOARDS

A. Breakers shall be UL 489 listed and labeled, in accordance with the

NEC, as shown on the drawings, and as specified.

B. Circuit breakers in panelboards shall be bolt on type on phase bus bar

or branch circuit bar.

1.

Molded case circuit breakers for lighting and appliance branch
circuit panelboards shall have minimum interrupting rating as
indicated but not less than:

a. 120/208 Volt Panelboard: 22,000 amperes symmetrical.

b. 120/240 Volt Panelboard: 22,000 amperes symmetrical.

c. 277/480 Volt Panelboard: 14,000 amperes symmetrical.

Molded case circuit breakers shall have automatic, trip free,
non-adjustable, inverse time, and instantaneous magnetic trips for

100-ampere frame or less.

C. Breaker features shall be as follows:

1.

2
3.
4
5

A rugged, integral housing of molded insulating material.

Silver alloy contacts.

Arc quenchers and phase barriers for each pole.

Quick-make, quick-break, operating mechanisms.

A trip element for each pole, thermal magnetic type with long time
delay and instantaneous characteristics, a common trip bar for all
poles and a single operator.

Electrically and mechanically trip free.

An operating handle which indicates ON, TRIPPED, and OFF positions.
Line connections shall be bolted.

An overload on one pole of a multipole breaker shall automatically
cause all the poles of the breaker to open.

Shunt trips shall be provided where indicated

. For circuit breakers being added to existing panelboards, coordinate

the breaker type with existing panelboards. Modify the panel

directory.
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2.4 SEPARATELY ENCLOSED MOLDED CASE CIRCUIT BREAKERS

A.

PART 3

Where separately enclosed molded case circuit breakers are shown on the
drawings, provide circuit breakers in accordance with the applicable
requirements of those specified for panelboards.

Enclosures are to be of the NEMA types shown on the drawings. Where the
types are not shown, they are to be the NEMA type most suitable for the
environmental conditions where the breakers are being installed.

- EXECUTION

3.1 INSTALLATION

A.

Installation shall be in accordance with the Manufacturer’s
instructions, the NEC, as shown on the drawings, and as specified.
Locate panelboards so that the present and future conduits can be
conveniently connected. Coordinate the sizes of cabinets with
designated closet space.

In accordance with Section 09 91 00, PAINTING, paint the panelboard
system voltage, and feeder sizes as shown on the riser diagram in 1
inch block lettering on the inside cover of the cabinet door. Paint the
words "LIFE SAFETY BRANCH", "CRITICAL BRANCH", or "EQUIPMENT SYSTEM" as
applicable and the panel designation in one inch block letters on the
outside of the cabinet doors.

Install a typewritten schedule of circuits in each panelboard after
being submitted to and approved by the Resident Engineer. Schedules,
after approval, shall be typed on the panel directory cards and
installed in the appropriate panelboards, incorporating all applicable
contract changes pertaining to that schedule. Include the room numbers
and items served on the cards.

Mount the panelboard fully aligned and such that the maximum height of
the top circuit breaker above finished floor shall not exceed 1980 mm
(78 inches). For panelboards that are too high, mount panelboard so
that the bottom of the cabinets will not be less than 150 mm (6 inches)
above the finished floor.

For panelboards located in areas accessible to the public, paint the
exposed surfaces of the trims, doors, and boxes with finishes to match
surrounding surfaces after the panelboards have been installed.
Directory-card information shall be typewritten to indicate outlets,
lights, devices, and equipment controlled and final room numbers served
by each circuit and shall be mounted in holders behind protective

covering.
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H. Where new panels are to be installed in existing backboxes, backboxes
shall have rust and scale removed from inside. Paint inside of
backboxes with rust preventive paint before the new panel interior is
installed. Provide new trim and doors for these panels. Covers shall
fit tight to the box with no gaps between the cover and the box.
- --END - - -
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SECTION 26 27 26
WIRING DEVICES

- GENERAL

1.1 DESCRIPTION

This section specifies the furnishing, installation and connection of

wiring devices.

1.2 RELATED WORK

A.

Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements that are common to more than one section of
Division 26.

Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits and
outlets boxes.

Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW) : Cables and wiring.

Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path to

ground for possible ground fault currents.

1.3 SUBMITTALS

A.

In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS, submit the following:

Shop Drawings:

1. Sufficient information, clearly presented, shall be included to
determine compliance with drawings and specifications.

2. Include electrical ratings, dimensions, mounting details,
construction materials, grade and termination information.

Manuals: Two weeks prior to final inspection, deliver four copies of the

following to the Resident Engineer: Technical data sheets and

information for ordering replacement units.

Certifications: Two weeks prior to final inspection, submit four copies

of the following to the Resident Engineer: Certification by the

Contractor that the devices comply with the drawings and specifications,

and have been properly installed, aligned, and tested.

1.4 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements and errata) form a part of this specification to the extent
referenced. Publications are referenced in the text by basic designation
only.

National Fire Protection Association (NFPA):

J0 e e e e e e e e et e e e e National Electrical Code (NEC)
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C. National Electrical Manufacturers Association (NEMA) :
L General Color Requirements for Wiring Devices
WD 6 ittt et e eeeeeeennnn Wiring Devices - Dimensional Requirements

D. Underwriter’s Laboratories, Inc. (UL):

S Surface Metal Raceways and Fittings
20 e e e e e e e e General-Use Snap Switches

0 Power Outlets

L Y Grounding and Bonding Equipment

408 . e e e e Attachment Plugs and Receptacles
943 . i e e e Ground-Fault Circuit-Interrupters

PART 2 - PRODUCTS
2.1 RECEPTACLES
A. General: All receptacles shall be listed by Underwriters Laboratories,

Inc.

1. All receptacles in patient care areas shall be hospital grade type
(green dot)

2. Mounting straps shall be plated steel, with break-off plaster ears
and shall include a self-grounding feature. Terminal screws shall be
brass, brass plated or a copper alloy metal.

3. Receptacles shall have provisions for back wiring with separate metal
clamp type terminals (four min.) and side wiring from four captively
held binding screws.

B. Duplex Receptacles: Hospital-grade, single phase, 20 ampere, 120 volts,
2-pole, 3-wire, and conform to the NEMA 5-20R configuration in NEMA WD

6. The duplex type shall have break-off feature for two-circuit

operation. The ungrounded pole of each receptacle shall be provided with

a separate terminal.

1. Bodies shall be ivory in color.

2. Switched duplex receptacles shall be wired so that only the top
receptacle is switched. The remaining receptacle shall be unswitched.

3. Duplex Receptacles on Emergency Circuit:

a. In rooms without emergency powered general lighting, the emergency
receptacles shall be of the self-illuminated type.

4. Ground Fault Interrupter Duplex Receptacles: Shall be an integral
unit, hospital-grade, suitable for mounting in a standard outlet box.
a. Ground fault interrupter shall be consist of a differential

current transformer, solid state sensing circuitry and a circuit
interrupter switch. Device shall have nominal sensitivity to
ground leakage current of five milliamperes and shall function to

interrupt the current supply for any value of ground leakage
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current above five milliamperes (+ or — 1 milliamp) on the load
side of the device. Device shall have a minimum nominal tripping
time of 1/30th of a second.

b. Ground Fault Interrupter Duplex Receptacles (not hospital-grade)
shall be the same as ground fault interrupter hospital-grade
receptacles except for the “hospital-grade” listing.

5. Safety Type Duplex Receptacles:

a. Bodies shall be gray in color.

1) Shall permit current to flow only while a standard plug is in
the proper position in the receptacle.

2) Screws exposed while the wall plates are in place shall be the
tamperproof type.

6. Duplex Receptacles (not hospital grade): Shall be the same as
hospital grade duplex receptacles except for the "hospital grade"
listing and as follows.

a. Bodies shall be brown phenolic compound supported by a plated
steel mounting strap having plaster ears.

C. Receptacles; 20, 30 and 50 ampere, 250 volts: Shall be complete with
appropriate cord grip plug. Devices shall meet UL 231.

D. Weatherproof Receptacles: Shall consist of a duplex receptacle, mounted
in box with a gasketed, weatherproof, cast metal cover plate and cap
over each receptacle opening. The cap shall be permanently attached to
the cover plate by a spring-hinged flap. The weatherproof integrity
shall not be affected when heavy duty specification or hospital grade
attachment plug caps are inserted. Cover plates on outlet boxes mounted
flush in the wall shall be gasketed to the wall in a watertight manner.

2.2 TOGGLE SWITCHES

A. Toggle Switches: Shall be totally enclosed tumbler type with bodies of
phenolic compound. Toggle handles shall be ivory in color unless
otherwise specified. The rocker type switch is not acceptable and will
not be approved.

1. Switches installed in hazardous areas shall be explosion proof type
in accordance with the NEC and as shown on the drawings.

2. Shall be single unit toggle, butt contact, quiet AC type, heavy-duty
general-purpose use with an integral self grounding mounting strap
with break-off plasters ears and provisions for back wiring with
separate metal wiring clamps and side wiring with captively held
binding screws.

3. Ratings:

a. 120 volt circuits: 20 amperes at 120-277 volts AC.
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b. 277 volt circuits: 20 amperes at 120-277 volts AC.
2.3 MANUAL DIMMING CONTROL

A. Slide dimmer with on/off control, single-pole or three-way as shown on
plans. Faceplates shall be ivory in color unless otherwise specified.

B. Manual dimming controls shall be fully compatible with electronic
dimming ballasts and approved by the ballast manufacturer, shall operate
over full specified dimming range, and shall not degrade the performance
or rated life of the electronic dimming ballast and lamp.

2.4 WALL PLATES

A. Wall plates for switches and receptacles shall be type 302 stainless
steel. Oversize plates are not acceptable.

B. Standard NEMA design, so that products of different manufacturers will
be interchangeable. Dimensions for openings in wall plates shall be
accordance with NEMA WD 6.

C. For receptacles or switches mounted adjacent to each other, wall plates
shall be common for each group of receptacles or switches.

D. Duplex Receptacles on Emergency Circuit:

1. Bodies shall be red in color. Wall plates shall be letter engraved on
plate denoting circuit number and panel feeding.

2.5 SURFACE MULTIPLE-OUTLET ASSEMBLIES

A. Assemblies shall conform to the requirements of NFPA 70 and UL 5.

B. Shall have the following features:

1. Enclosures:

a. Thickness of steel shall be not less than 0.040 inch [lmm] steel
for base and cover. Nominal dimension shall be 1-1/2 by 2-3/4
inches [40 by 70mm] with inside cross sectional area not less than
3.5 square inches [2250 square mm]. The enclosures shall be
thoroughly cleaned, phosphatized and painted at the factory with
primer and the manufacturer's standard baked enamel or lacquer
finish.

2. Receptacles shall be duplex, hospital grade. See paragraph
'RECEPTACLES' in this section. Device cover plates shall be the
manufacturer's standard corrosion resistant finish and shall not
exceed the dimensions of the enclosure.

3. Unless otherwise shown on drawings, spacing of the receptacles along
the strip shall be 24 inches [600mm] on centers.

4. Wires within the assemblies shall be not less than No. 12 AWG copper,
with 600 volt ratings.
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5. Installation fittings shall be designed for the strips being
installed including bends, offsets, device brackets, inside
couplings, wire clips, and elbows.

6. Bond the strips to the conduit systems for their branch supply

circuits.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Installation shall be in accordance with the NEC and as shown as on the
drawings.

Ground terminal of each receptacle shall be bonded to the outlet box
with an approved green bonding jumper, and also connected to the green
equipment grounding conductor.

Outlet boxes for light and dimmer switches shall be mounted on the
strike side of doors.

Provide barriers in multigang outlet boxes to separate systems of
different voltages, Normal Power and Emergency Power systems, and in
compliance with the NEC.

Coordinate with other work, including painting, electrical boxes and
wiring installations, as necessary to interface installation of wiring
devices with other work. Coordinate the electrical work with the work
of other trades to ensure that wiring device flush outlets are positioned
with box openings aligned with the face of the surrounding finish
material. Pay special attention to installations in cabinet work, and in
connection with laboratory equipment.

Exact field locations of floors, walls, partitions, doors, windows, and
equipment may vary from locations shown on the drawings. Prior to
locating sleeves, boxes and chases for roughing-in of conduit and
equipment, the Contractor shall coordinate exact field location of the
above items with other trades. In addition, check for exact direction of
door swings so that local switches are properly located on the strike
side.

Install wall switches 48 inches [1200mm] above floor, OFF position down.
Install wall dimmers 48 inches [1200mm] above floor; derate ganged
dimmers as instructed by manufacturer; do not use common neutral.

Install convenience receptacles 18 inches [450mm] above floor, and 6
inches [152mm] above counter backsplash or workbenches. Install
specific-use receptacles at heights shown on the drawings.

Label device plates with a permanent adhesive label listing panel and

circuit feeding the wiring device.
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K. Test wiring devices for damaged conductors, high circuit resistance,
poor connections, inadequate fault current path, defective devices, or
similar problems using a portable receptacle tester. Correct circuit
conditions, remove malfunctioning units and replace with new, and retest
as specified above.
L. Test GFCI devices for tripping values specified in UL 1436 and UL 943.
- --END - - -
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SECTION 26 29 11
MOTOR STARTERS

PART 1 - GENERAL
1.1 DESCRIPTION

All motor starters and variable speed motor controllers, including

installation and connection (whether furnished with the equipment

specified in other Divisions or otherwise), shall meet these
specifications.
1.2 RELATED WORK

A. Other sections which specify motor driven equipment, except elevator
motor controllers.

B. Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirement for Seismic Restraint for Nonstructural
Components.

C. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements and items that are common to more than one
Section of Division 26.

D. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

1.3 QUALITY ASSURANCE
Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS
FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

Submit in accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS:

A. Shop Drawings:

1. Sufficient information, clearly presented, shall be included to
determine compliance with drawings and specifications.

2. Include electrical ratings, dimensions, weights, mounting details,
materials, running over current protection, size of enclosure, over
current protection, wiring diagrams, starting characteristics,
interlocking and accessories.

B. Manuals:

1. Submit, simultaneously with the shop drawings, companion copies of
complete maintenance and operating manuals, including technical data
sheets, wiring diagrams and information for ordering replacement
parts.

a. Wiring diagrams shall have their terminals identified to

facilitate installation, maintenance and operation.
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b. Wiring diagrams shall indicate internal wiring for each item of
equipment and interconnections between the items of equipment.

c. Elementary schematic diagrams shall be provided for clarity of
operation.

2. Two weeks prior to the project final inspection, submit four copies
of the final updated maintenance and operating manual to the Resident
Engineer.

Certification: Two weeks prior to final inspection, unless otherwise

noted, submit four copies of the following certifications to the COTR:

1. Certification that the equipment has been properly installed,
adjusted, and tested.

1.5 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,

supplements and errata) form a part of this specification to the extent

referenced. Publications are referenced in the text by basic designation

only.

Institute of Electrical and Electronic Engineers (IEEE):

510, . e e Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems

C37.90.1 ... Standard Surge Withstand Capability (SWC) Tests
for Protective Relays and Relay Systems

National Electrical Manufacturers Association (NEMA) :

1 T Industrial Control and Systems General
Requirements

ICS 1.1 . iiiiiiiiean.. Safety Guidelines for the Application,
Installation and Maintenance of Solid State
Control

ICS 2t i it e e et et e Industrial Control and Systems, Controllers,
Contactors and Overload Relays Rated 600 Volts
DC

ICS Bev i teiie it Industrial Control and Systems Enclosures

ICS T ettt e e Industrial Control and Systems Adjustable-Speed
Drives

ICS 7.1, Safety Standards for Construction and Guide for

Selection, Installation and Operation of
Adjustable-Speed Drive Systems
National Fire Protection Association (NFPA):

J0 e e e e e e e e e e e e e National Electrical Code (NEC)
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PRODUCTS

2.1 MOTOR STARTERS, GENERAL

A.

Shall be in accordance with the requirements of the IEEE, NEC, NEMA (ICS

1,

ICS 1.1, ICS 2, ICS 6) and UL.

Shall have the following features:

1.
2.

Separately enclosed unless part of another assembly.

Circuit breakers and safety switches within the motor controller

enclosures shall have external operating handles with lock-open

padlocking provisions and shall indicate the ON and OFF positions.

Motor control circuits:

a. Shall operate at not more than 120 volts.

b. Shall be grounded except as follows:

1) Where isolated control circuits are shown.
2) Where manufacturers of equipment assemblies recommend that the
control circuits be isolated.

c. Incorporate a separate, heavy duty, control transformer within
each motor controller enclosure to provide the control voltage for
each motor operating over 120 volts.

d. Incorporate over current protection for both primary and secondary
windings of the control power transformers in accordance with the
NEC.

Overload current protective devices:

Thermal or induction type.

Overload relay solid state type.

One for each pole.

Manual reset on the door of each motor controller enclosure.

o O Q O W

Correctly sized for the associated motor's rated full load

current.

f. Check every motor controller after installation and verify that
correct sizes of protective devices have been installed.

g. Deliver four copies of a summarized list to the Resident Engineer,
which indicates and adequately identifies every motor controller
installed. Include the catalog numbers for the correct sizes of
protective devices for the motor controllers.

Hand-Off-Automatic (H-0-A) switch is required unless specifically

stated on the drawings as not required for a particular starter. H-0O-

A switch is not required for manual motor starters.

Incorporate into each control circuit a 120-volt, solid state time

delay relay (ON delay), minimum adjustable range from 0.3 to 10

26 29 11 - 3



VA SAN DIEGO RENOVATE BUILDING 1 FIRST FLOOR FOR
HEALTHCARE SYSTEM VOLUNTEER AND PATIENT SERVICES (PHASE 2)

PROJECT NO. 664-09-103

minutes, with transient protection. Time delay relay is not required

where H-O-A switch is not required.

Unless noted otherwise, equip with not less than two normally open

and two normally closed auxiliary contacts. Provide green run pilot

lights and H-O-A control devices as indicated, operable at front of
enclosure without opening enclosure. Push buttons, selector
switches, pilot lights, etc., shall be interchangeable.

Enclosures:

a. Shall be the NEMA types shown on the drawings for the motor
controllers and shall be the NEMA types which are the most
suitable for the environmental conditions where the motor
controllers are being installed.

b. Doors mechanically interlocked to prevent opening unless the
breaker or switch within the enclosure is open. Provision for
padlock must be provided.

c. Enclosures shall be primed and finish coated at the factory with

the manufacturer’s prime coat and standard finish.

C. Motor controllers incorporated with equipment assemblies shall also be

designed for the specific requirements of the assemblies.

D. For motor controllers being installed in existing motor control centers

or panelboards, coordinate with the existing centers or panelboards.

E. Additional requirements for specific motor controllers, as indicated in

other sections, shall also apply.

F. Provide a disconnecting means or safety switch near and within sight of

each motor. Provide all wiring and conduit required to facilitate a

complete installation.

2.2 MANUAL MOTOR STARTERS

Shall be in accordance with applicable requirements of 2.1 above.

B. Manual motor starters.

1.

Starters shall be general-purpose Class A, manually operated type
with full voltage controller for induction motors, rated in
horsepower.

Units shall include overload protection, red pilot light and toggle

operator.

C. Fractional horsepower manual motor starters.

1.

Starters shall be general-purpose Class A, manually operated with
full voltage controller for fractional horsepower induction motors.
Units shall include thermal overload protection, red pilot light and

toggle operator.

D. Motor starting switches.
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1. Switches shall be general-purpose Class A, manually operated type
with full voltage controller for fractional horsepower induction
motors.

2. Units shall include thermal overload protection, red pilot light and
toggle operator.

2.3 MAGNETIC MOTOR STARTERS

Shall be in accordance with applicable requirements of 2.1 above.

B. Starters shall be general-purpose, Class A magnetic controllers for
induction motors rated in horsepower. Minimum size O.

C. Where combination motor starters are used, combine starter with
protective or disconnect device in a common enclosure.

D. Provide phase loss protection for each starter, with contacts to de-
energize the starter upon loss of any phase.

E. Unless otherwise indicated, provide full voltage non-reversing across-
the-line mechanisms for motors less than 75 HP, closed by coil action and
opened by gravity. For motors 75 HP and larger, provide reduced voltage
starters. Equip starters with 120V AC coils and individual control
transformer unless otherwise noted. Locate "reset" button to be
accessible without opening the enclosure.

2.4 MOTOR CONTROL STATIONS

A. Shall have the following features:

1. Designed for suitably fulfilling the specific control functions for
which each station is being installed.

2. Coordinate the use of momentary contacts and maintained contacts with
the complete motor control systems to insure safety for people and
equipment.

3. Each station shall have two pilot lights behind red and green jewels
and a circuit to its motor controller. Connect the lamps so they will
be energized as follows:

a. Red while the motor is running.
b. Green while the motor is stopped.

4. Where two or more stations are mounted adjacent to each other,
install a common wall plate, except where the designs of the stations
make such common plates impracticable.

5. Identify each station with a permanently attached individual
nameplate, of laminated black phenolic resin with a white core and
engraved lettering not less than 6 mm (1/4-inch) high. Identify the
motor by its number or other designation and indicate the function

fulfilled by the motor.

26 29 11 - 5



VA SAN
HEALTH

PART 3

DIEGO RENOVATE BUILDING 1 FIRST FLOOR FOR
CARE SYSTEM VOLUNTEER AND PATIENT SERVICES (PHASE 2)
PROJECT NO. 664-09-103

Components of Motor Control Circuits:

1. Shall also be designed and arranged so that accidental faulting or
grounding of the control conductors will not be able to start the
motors.

2. Use of locking type STOP pushbuttons or switches, which cause motors
to restart automatically when the pushbuttons or switches are
released, will not be permitted.

- EXECUTION

3.1 INSTALLATION

A.

Install motor control equipment in accordance with manufacturer’s
recommendations, the NEC, NEMA and as shown on the drawings.

In seismic areas, equipment shall be adequately anchored and braced per
details on structural contract drawing to withstand the seismic forces
at the location where installed.

Furnish and install heater elements in motor starters and to match the
installed motor characteristics. Submit a list of all motors listing
motor nameplate rating and heater element installed.

Motor Data: Provide neatly-typed label inside each motor starter
enclosure door identifying motor served, nameplate horsepower, full load
amperes, code letter, service factor, voltage/phase rating and heater
element installed.

Connect hand-off auto selector switches so that automatic control only is
by-passed in "manual" position and any safety controls are not by-passed.
Install manual motor starters in flush enclosures in finished areas.
Examine control diagrams indicated before ordering motor controllers.
Should conflicting data exist in specifications, drawings and diagrams,

request corrected data prior to placing orders.

3.2 ACCEPTANCE CHECKS AND TESTS

A.

Perform

3.3 FOLLOW-UP VERIFICATION

Upon completion of acceptance checks, settings, and tests, the
Contractor shall show by demonstration in service that the motor
starters and variable speed motor controllers are in good operating

condition and properly performing the intended functions.

3.4 SPARE PARTS

Two weeks prior to the final inspection, provide one complete set of
spare fuses (including heater elements) for each starter/controller

installed on this project.
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SECTION 26 29 21
DISCONNECT SWITCHES

PART 1 - GENERAL

1.1 DESCRIPTION
This section specifies the furnishing, installation and connection of
low voltage disconnect switches.

1.2 RELATED WORK

A. General electrical requirements and items that is common to more than
one section of Division 26: Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

B. Conduits for cables and wiring: Section 26 05 33, RACEWAY AND BOXES FOR
ELECTRICAL SYSTEMS.

C. Cables and wiring: Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER
CONDUCTORS AND CABLES (600 VOLTS AND BELOW.

D. Motor rated toggle switches: Section 26 29 11, LOW-VOLTAGE MOTOR
STARTERS.

E. Requirements for personnel safety and to provide a low impedance path
for possible ground faults: Section 26 05 26, GROUNDING AND BONDING FOR
ELECTRICAL SYSTEMS.

1.3 SUBMITTALS

A. Submit in accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS.

B. Shop Drawings:

1. Include sufficient information, clearly presented to determine
compliance with drawings and specifications.

2. Include electrical ratings, dimensions, mounting details, materials,
enclosure types, fuse type and class.

3. Show the specific switch and fuse proposed for each specific piece of
equipment or circuit.

C. Manuals:

1. Provide complete maintenance and operating manuals for disconnect
switches, including technical data sheets, wiring diagrams, and
information for ordering replacement parts. Deliver four copies to
the COTR two weeks prior to final inspection.

2. Identify terminals on wiring diagrams to facilitate maintenance and
operation.

3. Wiring diagrams shall indicate internal wiring and any interlocking.

D. Certification: Two weeks prior to final inspection, deliver to the //
Resident Engineer // COTR // four copies of the certification that the
equipment has been properly installed, adjusted, and tested.
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1.4 APPLICABLE PUBLICATIONS

A.

PART 2

Publications listed below (including amendments, addenda, revisions,

supplements and errata) form a part of this specification to the extent

referenced. Publications are referenced in the text by the basic

designation only.

National Electrical Manufacturers Association (NEMA) :

KS 1-01.....0iiiiin... Enclosed and Miscellaneous Distribution
Equipment Switches (600 Volts Maximum)

National Fire Protection Association (NFPA):

JO0=05. . ittt National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

98-98. . . i Enclosed and Dead-Front Switches

198C-89. . it High-Interrupting-Capacity Fuses, Current
Limiting Types

198E-94 .. ... ... Class R Fuses
97 7-99 . i ittt e e Fused Power-Circuit Devices
- PRODUCTS

2.1 LOW VOLTAGE FUSIBLE SWITCHES RATED 600 AMPERES AND LESS

A.

Shall be quick-make, quick-break type in accordance with UL 98, NEMA KS

1 and NEC.

Shall have a minimum duty rating, NEMA classification General Duty (GD)

for 240 volts and NEMA classification Heavy Duty (HD) for 277/480 volts.

Shall be horsepower rated.

Shall have the following features:

1. Switch mechanism shall be the quick-make, quick-break type.

2. Copper blades, visible in the OFF position.

3. An arc chute for each pole.

4. External operating handle shall indicate ON and OFF position and
shall have lock-open padlocking provisions.

5. Mechanical interlock shall permit opening of the door only when the
switch is in the OFF position, defeatable by a special tool to permit
inspection.

6. Fuse holders for the sizes and types of fuses specified.

7. Ground Lugs: One for each ground conductor.

8. Enclosures:

a. Shall be the NEMA types shown on the drawings for the switches.
Where the types of switch enclosures are not shown, they shall be
the NEMA types which are most suitable for the environmental

conditions where the switches are being installed. Unless
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otherwise indicated on the plans, all outdoor switches shall be
NEMA 3R.
c. Shall be finished with manufacturer’s standard gray baked enamel
paint over pretreated steel (for the type of enclosure required).
2.2 LOW VOLTAGE UNFUSED SWITCHES RATED 600 AMPERES AND LESS
Shall be the same as Low Voltage Fusible Switches Rated 600 Amperes and
Less, but no fuses.
2.3 MOTOR RATED TOGGLE SWITCHES
Refer to Section 26 29 11, LOW-VOLTAGE MOTOR STARTERS for motor rated
toggle switches.
2.4 IDENTIFICATION SIGNS

A. Install nameplate identification signs on each disconnect switch to
identify the equipment controlled.

B. Nameplates shall be laminated black phenolic resin with a white core,
with engraved lettering, a minimum of 6 mm (1/4-inch) high. Secure
nameplates with screws.

PART 3 - EXECUTION
3.1 INSTALLATION

A. Install disconnect switches in accordance with the NEC and as shown on
the drawings.

B. Fusible disconnect switches shall be furnished complete with fuses.

3.2 SPARE PARTS
Two weeks prior to the final inspection, furnish one complete set of
spare fuses for each fusible disconnect switch installed on the project.
Deliver the spare fuses to the COTR.
- - -END - - -
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SECTION 26 51 00
INTERIOR LIGHTING

PART 1 - GENERAL

1.1 DESCRIPTION:

This section specifies the furnishing, installation and connection of

the interior lighting systems.

1.2 RELATED WORK

A.

Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
requirements that are common to more than one section of Division 26.
Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
(600 VOLTS AND BELOW) : Cables and wiring.

Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path to
ground for possible ground fault currents.

Section 26 27 26, WIRING DEVICES: Wiring devices used for control of the
lighting systems.

1.3 QUALITY ASSURANCE

Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS
FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A.

In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS, submit the following:

Product Data: For each type of lighting fixture (luminaire) designated
on the LIGHTING FIXTURE SCHEDULE, arranged in order of fixture
designation, submit the following information.

1. Material and construction details include information on housing,

optics system and lens/diffuser.

2. Physical dimensions and description.

3. Wiring schematic and connection diagram.

4. Installation details.

5. Ballast data including ballast type, starting method, ambient
temperature, ballast factor, sound rating, system watts and total
harmonic distortion (THD).

Manuals:

1. Submit, simultaneously with the shop drawings companion copies of
complete maintenance and operating manuals including technical data
sheets, and information for ordering replacement parts.

2. Two weeks prior to the final inspection, submit four copies of the
final updated maintenance and operating manuals, including any

changes, to the Resident Engineer.
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D. Certifications:
1. Two weeks prior to final inspection, submit four copies of the
following certifications to the Resident Engineer:
a. Certification by the Contractor that the equipment has been
properly installed, adjusted, and tested.
1.5 APPLICABLE PUBLICATIONS
A. Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the extent
referenced. Publications are referenced in the text by designation only.
B. Institute of Electrical and Electronic Engineers (IEEE):
C62.41-91.... .. Guide on the Surge Environment in Low Voltage
(1000V and less) AC Power Circuits

C. National Fire Protection Association (NFPA):

/L0 National Electrical Code (NEC)
101, .t . Life Safety Code
D. National Electrical Manufacturer's Association (NEMA) :
C82.1-97 i Ballasts for Fluorescent Lamps - Specifications
C82.2-02. ... Method of Measurement of Fluorescent Lamp
Ballasts
C82.4-02. ..., Ballasts for High-Intensity-Discharge and Low-

Pressure Sodium Lamps
C82.11-02. ... High Frequency Fluorescent Lamp Ballasts
E. Underwriters Laboratories, Inc. (UL):
496-96. .. it e Edison-Base Lampholders
542-99 . .. ... Lampholders, Starters, and Starter Holders for
Fluorescent Lamps
844-95. . ... i Electric Lighting Fixtures for Use in Hazardous
(Classified) Locations
PART 2 - PRODUCTS
2.1 LIGHTING FIXTURES (LUMINAIRES)

A. Shall be in accordance with NFPA 70 and UL 1598, as shown on drawings,
and as specified.
B. Sheet Metal:

1. Shall be formed to prevent warping and sagging. Housing, trim and
lens frame shall be true, straight (unless intentionally curved) and
parallel to each other as designed.

2. Wireways and fittings shall be free of burrs and sharp edges and
shall accommodate internal and branch circuit wiring without damage

to the wiring.
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3. When installed, any exposed fixture housing surface, trim frame, door
frame and lens frame shall be free of light leaks; lens doors shall
close in a light tight manner.

4. Hinged door closure frames shall operate smoothly without binding
when the fixture is in the installed position, latches shall function
easily by finger action without the use of tools.

C. Ballasts shall be serviceable while the fixture is in its normally
installed position, and shall not be mounted to removable reflectors or
wireway covers unless so specified.

D. Lamp Sockets:

1. Fluorescent: Lampholder contacts shall be the biting edge type or
phosphorous-bronze with silver flash contact surface type and shall
conform to the applicable requirements of UL 542. Lamp holders for
bi-pin lamps shall be of the telescoping compression type, or of the
single slot entry type requiring a one-quarter turn of the lamp after
insertion.

E. Recessed fixtures mounted in an insulated ceiling shall be listed for
use in insulated ceilings.

F. Mechanical Safety: Lighting fixture closures (lens doors, trim frame,
hinged housings, etc.) shall be retained in a secure manner by captive
screws, chains, captive hinges or fasteners such that they cannot be
accidentally dislodged during normal operation or routine maintenance.

G. Metal Finishes:

1. The manufacturer shall apply standard finish (unless otherwise
specified) over a corrosion resistant primer, after cleaning to free
the metal surfaces of rust, grease, dirt and other deposits. Edges of
pre-finished sheet metal exposed during forming, stamping or shearing
processes shall be finished in a similar corrosion resistant manner
to match the adjacent surface(s). Fixture finish shall be free of
stains or evidence of rusting, blistering, or flaking.

2. Interior light reflecting finishes shall be white with not less than
85 percent reflectances, except where otherwise shown on the drawing.

3. Exterior finishes shall be as shown on the drawings.

H. Lighting fixtures shall have a specific means for grounding metallic
wireways and housings to an equipment grounding conductor.

I. Light Transmitting Components for Fluorescent Fixtures:

1. Shall be 100 percent virgin acrylic.

2. Unless otherwise specified, lenses, diffusers and louvers shall be

retained firmly in a metal frame by clips or clamping ring in such a
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manner as to allow expansion and contraction of the lens without

distortion or cracking.

2.2 BALLASTS

A.

Linear Fluorescent Lamp Ballasts: Multi-voltage (120 - 277V) electronic
type, complying with UL 935 and with ANSI C 82.11, designed for type and
quantity of lamps indicated.

Low-Frequency Linear T8 Fluorescent Lamp Ballasts (allowed for Surgery
Suites, Critical Care Units and Animal Labs): //120V// //277V// hybrid
electronic-electromagnetic rapid-start type, complying with UL 935 and
with ANSI C 82.11, designed for type and quantity of lamps indicated.
Ballast shall be designed for full light output; including the following
features:

1. Automatic lamp starting after lamp replacement.

2. Sound Rating: Class A.

3. Total Harmonic Distortion Rating: 20 percent or less.

4. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2,
Category A or better.

Operating Frequency: 60 Hz.

Lamp Current Crest Factor: 1.7 or less.

Ballast Factor: 0.85 or higher unless otherwise indicated.

Power Factor: 0.90 or higher.

Interference: Comply with 47 CFT 18, Ch.l, Subpart C, for

O 00 J o O

limitations on electromagnetic and radio-frequency interference for
non-consumer edquipment.
Compact Fluorescent Lamp Ballasts: Multi-voltage (120 - 277V),
electronic-programmed rapid-start type, complying with UL 935 and with
ANSI C 82.11, designed for type and quantity of lamps indicated.
Ballast shall be designed for full light output unless dimmer or bi-
level control is indicated; including the following features:
1. Lamp end-of-life detection and shutdown circuit.
2. Automatic lamp starting after lamp replacement.
3. Sound Rating: Class A.
4. Total Harmonic Distortion Rating: 10 percent or less.
5. Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2,
Category A or better.
Operating Frequency: 20 kHz or higher.
Lamp Current Crest Factor: 1.7 or less.

Ballast Factor: 0.95 or higher unless otherwise indicated.

O 0 J o

Power Factor: 0.98 or higher.
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Interference: Comply with 47 CFR 18, Ch. 1, Subpart C, for
limitations on electromagnetic and radio-frequency interference for

non-consumer equipment.

A. Linear and U-shaped T5 and T8 Fluorescent Lamps:

1.

Rapid start fluorescent lamps shall comply with ANSI C78.1; and

instant-start lamps shall comply with ANSI C78.3.

Chromacity of fluorescent lamps shall comply with ANSI C78.376.

Except as indicated below, lamps shall be low-mercury energy saving

type, have a cool white color, a Color Rendering Index (CRI) of

greater than 70, average rated life of 20,000 hours, and be suitable
for use with dimming ballasts, unless otherwise indicated. Low
mercury lamps shall have passed the EPA Toxicity Characteristic

Leachate Procedure (TCLP) for mercury by using the lamp sample

preparation procedure described in NEMA LL 1.

a. Over the beds in Intensive Care, Coronary Care, Recovery, Life
Support, and Observation and Treatment areas; Electromyographic,
Autopsy (Necropsy), Surgery, and certain dental rooms
(Examination, Oral Hygiene, Oral Surgery, Recovery, Labs,
Treatment, and X-Ray) use color corrected lamps having a CRI of 85

or above and a correlated color temperature between 5000 and

6000°K.

b. Other areas as indicated on the drawings.

2.4 EXIT LIGHT FIXTURES

A.

mEH O Q

Exit light fixtures shall meet applicable requirements of NFPA 101 and
UL 924.

Housing and Canopy:

1.
2.

Shall be made of die-cast aluminum.

Optional steel housing shall be a minimum 20 gauge thick or
equivalent strength aluminum.

Steel housing shall have baked enamel over corrosion resistant, matte

black or ivory white primer.

Door frame shall be cast or extruded aluminum, and hinged with latch.

Finish shall be satin or fine-grain brushed aluminum.

There shall be no radiocactive material used in the fixtures.

Fixtures:

1.

Inscription panels shall be cast or stamped aluminum a minimum of
0.090 inch [2.25mm] thick, stenciled with 6 inch [150mm] high
letters, baked with red color stable plastic or fiberglass. Lamps

shall be luminous Light Emitting Diodes (LED) mounted in center of
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letters on red color stable plastic or fiberglass. The LED shall be
rated minimum 25 years life.

Double-Faced Fixtures: Provide double-faced fixtures where required
or as shown on drawings.

Directional Arrows: Provide directional arrows as part of the
inscription panel where required or as shown on drawings. Directional
arrows shall be the "chevron-type" of similar size and width as the

letters and meet the requirements of NFPA 101.

G. Voltages: Refer to Lighting Fixture Schedule.
PART 3 - EXECUTION

3.1 INSTALLATION

A.

Installation shall be in accordance with the NEC, manufacturer's

instructions and as shown on the drawings or specified.

Align, mount and level the lighting fixtures uniformly.

Fluorescent bed light fixtures shall be attached to the studs in the

walls. Attachment to gypsum board only is not acceptable.

Lighting Fixture Supports:

1.

Shall provide support for all of the fixtures. Supports may be
anchored to channels of the ceiling construction, to the structural
slab or to structural members within a partition, or above a
suspended ceiling.

Shall maintain the fixture positions after cleaning and relamping.

Shall support the lighting fixtures without causing the ceiling or

partition to deflect.

Hardware for recessed lighting fixtures:

a. All fixture mounting devices connecting fixtures to the ceiling
system or building structure shall have a capacity for a
horizontal force of 100 percent of the fixture weight and a
vertical force of 400 percent of the fixture weight.

b. Mounting devices shall clamp the fixture to the ceiling system
structure (main grid runners or fixture framing cross runners) at
four points in such a manner as to resist spreading of these
supporting members. Each support point device shall utilize a
screw or approved hardware to "lock" the fixture housing to the
ceiling system, restraining the fixture from movement in any
direction relative to the ceiling. The screw (size No. 10 minimum)
or approved hardware shall pass through the ceiling member (T-bar,
channel or spline), or it may extend over the inside of the flange
of the channel (or spline) that faces away from the fixture, in a

manner that prevents any fixture movement.
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c. In addition to the above, the following is required for fixtures
exceeding 20 pounds [9kg] in weight.

1) Where fixtures mounted in ASTM Standard C635-69 "Intermediate"
and "Heavy Duty" ceilings and weigh between 20 pounds and 56
pounds [9kg and 25kg] provide two 12 gauge safety hangers hung
slack between diagonal corners of the fixture and the building
structure.

2) Where fixtures weigh over 56 pounds [25kg] they shall be
independently supported from the building structure by approved
hangers. Two-way angular bracing of hangers shall be provided
to prevent lateral motion.

d. Where ceiling cross runners are installed for support of lighting
fixtures, they must have a carrying capacity equal to that of the
main ceiling runners and be rigidly secured to the main runners.

5. Surface mounted lighting fixtures:

a. Fixtures shall be bolted against the ceiling independent of the
outlet box at four points spaced near the corners of each unit.
The bolts (or stud-clips) shall be minimum 1/4-20 [6mm] bolt,
secured to main ceiling runners and/or secured to cross runners.
Non-turning studs may be attached to the main ceiling runners and
cross runners with special non-friction clip devices designed for
the purpose, provided they bolt through the runner, or are also
secured to the building structure by 12 gauge safety hangers.
Studs or bolts securing fixtures weighing in excess of 56 pounds
[25kg] shall be supported directly from the building structure.

b. Where ceiling cross runners are installed for support of lighting
fixtures they must have a carrying capacity equal to that of the
main ceiling runners and be rigidly secured to the main runners.

c. Fixtures less than 15 pounds [6.8kg] in weight and occupying less
than two square feet [600mm x 600mm] of ceiling area may, (when
designed for the purpose) be supported directly from the outlet
box when all the following conditions are met.

1) Screws attaching the fixture to the outlet box pass through
round holes (not key-hole slots) in the fixture body.

2) The outlet box is attached to a main ceiling runner (or cross
runner) with approved hardware.

3) The outlet box is supported vertically from the building
structure.

d. Fixtures mounted in open construction shall be secured directly to

the building structure with approved bolting and clamping devices.
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6. Single or double pendant-mounted lighting fixtures:

a. Each stem shall be supported by an approved outlet box, mounted
swivel Jjoint and canopy which holds the stem captive and provides
spring load (or approved equivalent) dampening of fixture
oscillations. Outlet box shall be supported vertically from the
building structure.

7. Outlet boxes for support of lighting fixtures (where permitted) shall
be secured directly to the building structure with approved devices
or supported vertically in a hung ceiling from the building structure
with a nine gauge wire hanger, and be secured by an approved device
to a main ceiling runner or cross runner to prevent any horizontal
movement relative to the ceiling.

E. Furnish and install the specified lamps for all lighting fixtures
installed and all existing lighting fixtures reinstalled under this
project.

F. Coordinate between the electrical and ceiling trades to ascertain that
approved lighting fixtures are furnished in the proper sizes and
installed with the proper devices (hangers, clips, trim frames,
flanges), to match the ceiling system being installed.

G. Bond lighting fixtures and metal accessories to the grounding system as
specified in Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL
SYSTEMS.

H. Exercise electronic dimming ballasts over full range of dimming
capability by operating the control devices(s) in the presence of the COTR.
Observe for visually detectable flicker over full dimming range.

I. Burn-in all lamps that require specific aging period to operate properly,
prior to occupancy by Government. Burn-in period to be 40 hours minimum,
unless a lesser period is specifically recommended by lamp manufacturer.
Burn-in fluorescent and compact fluorescent lamps intended to be dimmed,
for at least 100 hours at full voltage. Replace any lamps and ballasts
which fail during burn-in.

J. At completion of project, relamp/reballast fixtures which have failed
lamps/ballasts. Clean fixtures, lenses, diffusers and louvers that have
accumulated dust/dirt/fingerprints during construction. Replace damaged
lenses, diffusers and louvers with new.

---END- - -
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