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SECTION 26 05 11
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

PART 1 - GENERAL

1.1 DESCRIPTION

A.
B.

This section applies to all sections of Division 26.

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

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.

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.

Definitions:

1. Listed; Equipment, materials, or services included in a list

published by an organization that is acceptable to the authority
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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
listing states that the equipment, material, or services either
meets appropriate designated standards or has been tested and found
suitable for a specified purpose.

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.

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.

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.

B. 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.

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

operation before approval.

C. Service Qualifications: There shall be a permanent service organization

maintained or trained by the manufacturer which will render
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this installation within eight hours of

that service is needed. Submit name and address

of service organizations.

1.5 APPLICABLE PUBLICATIONS

A. Applicable publications

listed in all Sections of Division are the

latest issue, unless otherwise noted.

1.6 MANUFACTURED PRODUCTS
A. Materials and equipment
manufacturers regularly
which replacement parts

B. When more than one unit

furnished shall be of current production by
engaged in the manufacture of such items, for
shall be available.

of the same class or type of equipment is

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

C. Equipment Assemblies and Components:

1. Components of an assembled unit need not be products of the same

manufacturer.

2. Manufacturers of equipment assemblies, which include components made

by others, shall assume complete responsibility for the final

assembled unit.

3. Components shall be compatible with each other and with the total

assembly for the intended service.

4. Constituent parts which are similar shall be the product of a single

manufacturer.
D. Factory wiring shall be
on all wiring diagrams.
E. When Factory Testing Is
1. The Government shall

The contractor shall

identified on the equipment being furnished and

Specified:
have the option of witnessing factory tests.

notify the VA through the Project Engineer a

minimum of 15 working days prior to the manufacturers making the

factory tests.

2. Two copies of certified test reports containing all test data shall

be furnished to the Project Engineer prior to final inspection and

not more than 90 days after completion of the tests.

3. When equipment fails

to meet factory test and re-inspection is

required, the contractor shall be liable for all additional

expenses, including expenses of the Government.

1.7 EQUIPMENT REQUIREMENTS

A. Where variations from the contract requirements are requested in

accordance with Section

00 72 00, GENERAL CONDITIONS and Section 01 33
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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.

1.8 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 panelboards, motor control centers, motor controllers,
enclosures, controllers, circuit protective devices, cables, wire,
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 Project 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.

1.9 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.

For work on existing stations, arrange, phase and perform work to
assure electrical service for other buildings at all times. E. New

work shall be installed and connected to existing work neatly, safely
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and professionally. Disturbed or damaged work shall be replaced or
repaired to its prior conditions, as required by Section 01 00 00,
GENERAL REQUIREMENTS.

Coordinate location of equipment and conduit with other trades to

minimize interferences.

1.10 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.

1.11 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 switchboards and switchgear, panelboards,
cabinets, motor controllers (starters), fused and unfused safety
switches, automatic transfer 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,
voltage, number of phases, number of wires, and type of EES power

branch as applicable. Secure nameplates with screws.
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Install adhesive arc flash warning labels on all equipment as required
by NFPA 70E. Label shall indicate the arc hazard boundary (inches),
working distance (inches), arc flash incident energy at the working
distance (calories/cm?), required PPE category and description including
the glove rating, voltage rating of the equipment, limited approach
distance (inches), restricted approach distance (inches), prohibited
approach distance (inches), equipment/bus name, date prepared, and

manufacturer name and address.

1.12 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, VA contract number, VA project number, VA project
title, specification number and applicable paragraphs, and test

reports as required.
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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.
Parts list which shall include those replacement parts recommended

by the equipment manufacturer.

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

REQUIREMENTS.

1.

Maintenance and Operation Manuals: Submit as required for systems
and equipment specified in the technical sections. Furnish two
copies, electronic pdf format and bound in hardback binders,
(manufacturer's standard binders) or an approved equivalent. 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, VA contract number,
VA project number, VA project title, specification number and
applicable paragraphs. 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.
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.
The manuals shall include:
a. Internal and interconnecting wiring and control diagrams with

data to explain detailed operation and control of the equipment.

b. A control sequence describing start-up, operation, and shutdown.
c. Description of the function of each principal item of equipment.
d. Installation instructions.

e. Safety precautions for operation and maintenance.

f. Diagrams and illustrations.

g. Periodic maintenance and testing procedures and frequencies,
including replacement parts numbers and replacement frequencies.

h. Performance data.

i. Pictorial "exploded" parts list with part numbers. Emphasis shall
be placed on the use of special tools and instruments. The list
shall indicate sources of supply, recommended spare parts, and

name of servicing organization.
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j. List of factory approved or qualified permanent servicing
organizations for equipment repair and periodic testing and
maintenance, including addresses and factory certification
qualifications.

G. Approvals will be based on complete submission of manuals together with
shop drawings.
1.13 SINGULAR NUMBER
A. 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.

1.15 ACCEPTANCE CHECKS AND TESTS
A. The contractor shall furnish the instruments, materials and labor for
field tests.
1.16 TRAINING
A. Training shall be provided in accordance with Article 1.25,
INSTRUCTIONS, of Section 01 00 00, GENERAL REQUIREMENTS.
B. Training shall be provided for the particular equipment or system as
required in each associated specification.
C. A training schedule shall be developed and submitted by the contractor
and approved by the Project Engineer at least 30 days prior to the

planned training.
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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

low voltage and power wiring.
1.2 RELATED WORK

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

B. 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.

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

1.3 QUALITY ASSURANCE

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

FOR ELECTRICAL INSTALLATIONS.
1.4 FACTORY TESTS

A. Power and low voltage cables shall be thoroughly tested at the factory
per NEMA WC-70 to ensure that there are no electrical defects. Factory
tests shall be certified.

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 reference in the text by designation only.

B. American Society of Testing Material (ASTM):

D2301-04. ..., Standard Specification for Vinyl Chloride
Plastic Pressure-Sensitive Electrical
Insulating Tape
C. National Fire Protection Association (NFPA):
JO0=08 . it i e e e e e National Electrical Code (NEC)

D. National Electrical Manufacturers Association (NEMA) :

WC 70-09.......00000.n. Power Cables Rated 2000 Volts or Less for the

Distribution of Electrical Energy

E. Underwriters Laboratories, Inc. (UL):
44-05. ... e Thermoset-Insulated Wires and Cables
83-08. .ttt Thermoplastic-Insulated Wires and Cables
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467-071. ... Electrical Grounding and Bonding Equipment
486A-486B-03. ... Wire Connectors

486C-04. ... i, Splicing Wire Connectors

486D-05. .. ... .. Sealed Wire Connector Systems

486E-94 . ...t Equipment Wiring Terminals for Use with

Aluminum and/or Copper Conductors

493-07 ettt ie e Thermoplastic-Insulated Underground Feeder and
Branch Circuit Cable

514B-04. ... Conduit, Tubing, and Cable Fittings

1479-03. ittt iiienn.. Fire Tests of Through-Penetration Fire Stops

2 - PRODUCTS

2.1 CONDUCTORS AND CABLES

A.

Conductors and cables shall be in accordance with NEMA WC-70 and as

specified herein.

Single Conductor:

1. Shall be annealed copper.

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

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

Insulation:

1. THHN-THWN shall be in accordance with NEMA WC-70, UL 44, and UL 83.

Color Code:

1. Secondary service feeder and branch circuit conductors shall be

color—-coded as follows:

208/120 wvolt Phase 480/277 wvolt
Black A Brown
Red B Orange
Blue C Yellow
White Neutral Gray *
* or white with colored (other than green) tracer.

2. Use solid color insulation or solid color coating for No. 12 AWG and
No. 10 AWG branch circuit phase, neutral, and ground conductors.

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

a. Solid color insulation or solid color coating.
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b. Stripes, bands, or hash marks of color specified above.

c. Color as specified using 0.75 in [19 mm] wide tape. Apply tape in
half-overlapping turns for a minimum of 3 in [75 mm] for terminal
points, and in junction boxes, pull-boxes, troughs, and manholes.
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.

4. 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.

Aboveground Circuits (No. 10 AWG and smaller):

1. Connectors: Solderless, screw-on, reusable pressure cable type,
rated 600 VvV, 220° F [105° 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
manufacturer's packaging, shall be strictly followed.

Aboveground Circuits (No. 8 AWG and larger):

1. Connectors shall be indent, hex screw, or bolt clamp-type of high
conductivity and corrosion-resistant material, listed for use with
copper and aluminum conductors.

2. Field-installed compression connectors for cable sizes 250 kcmil and
larger shall have not fewer 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. Splice and joint
insulation level shall be not less than the insulation level of the
conductors being joined.

4. Plastic electrical insulating tape: Per ASTM D2304, flame-retardant,

cold and weather resistant.

2.3 CONTROL WIRING

A.

Unless otherwise specified elsewhere in these specifications, control
wiring shall be as specified for power and lighting wiring, except that
the minimum size shall be not less than No. 22 AWG. Low voltage
control wiring (48 volts and lower) may also utilize cables that

include twisted pairs of conductors within an overall jacket.
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Control wiring shall be large enough such that the voltage drop under

in-rush conditions does not adversely affect operation of the controls.

2.4 WIRE LUBRICATING COMPOUND

A.

Lubricating compound shall be suitable for the wire insulation and

conduit, and shall not harden or become adhesive.

PART 3 - EXECUTION

3.1 GENERAL

A.

Install in accordance with the NEC, and as specified.

Install all wiring in raceway systems.

Splice cables and wires only in outlet boxes, junction boxes, and pull-

boxes.

Wires of different systems (e.g., 120 V, 277 V) shall not be installed

in the same conduit or junction box system.

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.

For panel boards, cabinets, wireways, switches, and equipment

assemblies, neatly form, train, and tie the cables in individual

circuits.

Wire Pulling:

1. Provide installation equipment that will prevent the cutting or
abrasion of insulation during pulling of cables. Use lubricants
approved for the cable.

2. Use nonmetallic ropes 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 Project Engineer.

4. All cables in a single conduit shall be pulled simultaneously.

5. Do not exceed manufacturer’s recommended maximum pulling tensions
and sidewall pressure values.

No more than three single-phase branch circuits shall be installed in

any one conduit.

3.2 SPLICE INSTALLATION

A.
B.

Splices and terminations shall be mechanically and electrically secure.
Tighten electrical connectors and terminals according to manufacturer's

published torque values.
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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.

3.3 FEEDER IDENTIFICATION

A.

In each interior pull-box and junction box, install metal tags on all
circuit cables and wires to clearly designate their circuit
identification and voltage. The tags shall be the embossed brass type,
1.5 in [40 mm] in diameter and 40 mils thick. Attach tags with plastic

ties.

3.4 EXISTING WIRING

A.

Unless specifically indicated on the plans, existing wiring shall not

be reused for a new installation.

3.5 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 panel boards of suitable voltages, which are intended to
supply such systems and have suitable spare circuit breakers or space

for installation.

3.6 CONTROL AND SIGNAL SYSTEM WIRING IDENTIFICATION

A.

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.

3.7 ACCEPTANCE CHECKS AND TESTS

A.

Feeders and branch circuits shall have their insulation tested after
installation and before connection to utilization devices, such as
fixtures, motors, or appliances. Test each conductor with respect to
adjacent conductors and to ground. Existing conductors to be reused
shall also be tested.

Applied voltage shall be 500VDC for 300-volt rated cable, and 1000VDC
for 600-volt rated cable. Apply test for one minute or until reading is

constant for 15 seconds, whichever is longer. Minimum insulation
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resistance values shall not be less than 25 megohms for 300-volt rated
cable and 100 megohms for 600-volt rated cable.

Perform phase rotation test on all three-phase circuits.

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

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

PART 1 - GENERAL

1.1 DESCRIPTION

A.

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

“Grounding electrode system” refers to all electrodes required by NEC,
as well as made, supplementary, and lightning protection system
grounding electrodes.

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.
Section 26 24 19, MOTOR CONTROL CENTERS: Low voltage motor control

centers.

1.3 QUALITY ASSURANCE

A.

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

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
designation only.

American Society for Testing and Materials (ASTM):

Bl—=07 .ttt eeii it Standard Specification for Hard-Drawn Copper
Wire
B3-07 ettt eiie it Standard Specification for Soft or Annealed

Copper Wire

B8-04. ..., Standard Specification for Concentric-Lay-
Stranded Copper Conductors, Hard, Medium-Hard,
or Soft

Institute of Electrical and Electronics Engineers, Inc. (IEEE):
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81-1983 .. ittt IEEE Guide for Measuring Earth Resistivity,
Ground Impedance, and Earth Surface Potentials
of a Ground System

C2=07 ettt i i et e eeeen National Electrical Safety Code

National Fire Protection Association (NFPA):

JO0=08 . it i e e e e e National Electrical Code (NEC)

99-2005. ... L. Health Care Facilities

Underwriters Laboratories, Inc. (UL):

44-05 ..ot Thermoset-Insulated Wires and Cables
83-08 ittt Thermoplastic-Insulated Wires and Cables
467-07 i e Grounding and Bonding Equipment
486A-486B-03 ........... Wire Connectors

PART 2 - PRODUCTS

2.1 GROUNDING AND BONDING CONDUCTORS

A.

PART

Equipment grounding conductors shall be UL 44 or UL 83 insulated
stranded copper, except that sizes No. 10 AWG [6 mm?] and smaller shall
be solid copper. Insulation color shall be continuous green for all
equipment grounding conductors, except that wire sizes No. 4 AWG [25
mm?] and larger shall be identified per NEC.

Bonding conductors shall be ASTM B8 bare stranded copper, except that
sizes No. 10 AWG [6 mm?] and smaller shall be ASTM Bl solid bare copper
wire.

Conductor sizes shall not be less than shown on the drawings, or not

less than required by the NEC, whichever is greater.

3 - EXECUTION

3.1 GENERAL

A.

Ground in accordance with the NEC, as shown on drawings, and as

specified herein.

System Grounding:

1. Secondary service neutrals: Ground at the supply side of the
secondary disconnecting means and at the related transformers.

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

Equipment Grounding: Metallic structures, including 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.
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cial Grounding: For patient care area electrical power system

unding, conform to NFPA 99 and NEC.

3.2 SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS

A. Pan
1.

elboards and Motor Control Centers:

Connect the various feeder equipment grounding conductors to the
ground bus in the enclosure with suitable pressure connectors.
Provide ground bars, bolted to the housing, with sufficient lugs to
terminate the equipment grounding conductors.

Connect metallic conduits that terminate without mechanical
connection to the housing, by grounding bushings and grounding

conductor to the equipment ground bus.

3.3 RACEWAY

A. Con
1.

B. Fee
wit

C. Box
1.

D. Rec

rec

duit Systems:

Ground all metallic conduit systems. All metallic conduit systems
shall contain an equipment grounding conductor.

Non-metallic conduit systems, except non-metallic feeder conduits
that carry a grounded conductor from exterior transformers to
interior or building-mounted service entrance equipment, shall
contain an equipment grounding conductor.

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

Metallic conduits which terminate without mechanical connection to
an electrical equipment housing by means of locknut and bushings or
adapters, shall be provided with grounding bushings. Connect
bushings with a bare grounding conductor to the equipment ground
bus.

ders and Branch Circuits: Install equipment grounding conductors

h all feeders and power and lighting branch circuits.

es, Cabinets, Enclosures, and Panelboards:

Bond the equipment grounding conductor to each pullbox, junction
box, outlet box, device box, cabinets, and other enclosures through
which the conductor passes (except for special grounding systems for
intensive care units and other critical units shown).

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

eptacles shall not be grounded through their mounting screws. Ground

eptacles with a jumper from the receptacle green ground terminal to
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the device box ground screw and a jumper to the branch circuit
equipment grounding conductor.
3.4 CORROSION INHIBITORS
A. When making ground and ground bonding connections, apply a corrosion
inhibitor to all contact surfaces. Use corrosion inhibitor appropriate
for protecting a connection between the metals used.
3.5 CONDUCTIVE PIPING
A. Bond all conductive piping systems, interior and exterior, to the
grounding electrode system. Bonding connections shall be made as close
as practical to the equipment ground bus.

- - -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.

Definitions: The term conduit, as used in this specification, shall

mean any or all of the raceway types specified.

1.2 RELATED WORK

A.

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

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

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 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

A.

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

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.

American National Standards Institute (ANSI):

C80.1-05. ... Electrical Rigid Steel Conduit
C80.3-05.. .. Steel Electrical Metal Tubing
C80.6-05. ... Electrical Intermediate Metal Conduit

National Fire Protection Association (NFPA):
JO0=08 . it i i e e e e National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):
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B Flexible Metal Conduit

5-04. .. . . e e Surface Metal Raceway and Fittings

Lt O Electrical Rigid Metal Conduit - Steel

50-95. ... i i i i Enclosures for Electrical Equipment

360-093 ...t Liquid-Tight Flexible Steel Conduit

467-07 . i e i e it e i Grounding and Bonding Equipment

514A-04. ... Metallic Outlet Boxes

514B-04. ... Conduit, Tubing, and Cable Fittings

514C-96 ..ttt Nonmetallic Outlet Boxes, Flush-Device Boxes

and Covers

651-05. ... Schedule 40 and 80 Rigid PVC Conduit and
Fittings

651A-00. ..t iiieeeenn. Type EB and A Rigid PVC Conduit and HDPE
Conduit

TOT=07 ¢ et ettt e e iee e Electrical Metallic Tubing

1242-06. .0 iviiiiinnn Electrical Intermediate Metal Conduit - Steel

E. National Electrical Manufacturers Association (NEMA) :

TC-2-03. ..ttt Electrical Polyvinyl Chloride (PVC) Tubing and
Conduit

TC-3-04. ... i eeinnnn. PVC Fittings for Use with Rigid PVC Conduit and
Tubing

FBL-07 . ittt iiiiiann Fittings, Cast Metal Boxes and Conduit Bodies

for Conduit, Electrical Metallic Tubing and
Cable
PART 2 - PRODUCTS
2.1 MATERIAL
A. Conduit Size: In accordance with the NEC, but not less than 3/4 inch

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

flexible conduit may be used for tap connections to recessed lighting

fixtures.
B. Conduit:

1. Rigid steel: Shall conform to UL 6 and ANSI C80.1.

2. Electrical metallic tubing (EMT): Shall conform to UL 797 and ANSI
C80.3. Maximum size not to exceed 4 in [105 mm] and shall be
permitted only with cable rated 600 V or less.

3. Flexible galvanized steel conduit: Shall conform to UL 1.

4. Liguid-tight flexible metal conduit: Shall conform to UL 360.
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C. Conduit Fittings:

1. Rigid steel fittings:

Fittings shall meet the requirements of UL 514B and NEMA FBI1.
Standard threaded couplings, locknuts, bushings, conduit bodies,
and elbows: Only steel or malleable iron materials are
acceptable. Integral retractable type IMC couplings are also
acceptable.

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

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.

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.

2. Electrical metallic tubing fittings:

a.

Fittings and conduit bodies shall meet the requirements of UL
514B, ANSI C80.3, and NEMA FBI1.

Only steel materials are acceptable.

Set screw couplings and connectors: Use setscrews of case-
hardened steel with hex head and cup point, to firmly seat in
wall of conduit for positive grounding.

Indent-type connectors or couplings are prohibited.

Die-cast or pressure-cast zinc-alloy fittings or fittings made of

"pot metal" are prohibited.

3. Flexible steel conduit fittings:

a.

b.

Conform to UL 514B. Only steel materials are acceptable.
Clamp-type, with insulated throat.

4. Ligquid-tight flexible metal conduit fittings:

a.

b.

Fittings shall meet the requirements of UL 514B and NEMA FBI1.

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

Expansion and deflection couplings:

Conform to UL 467 and UL 514B.

b. Accommodate a 0.75 in [19 mm] 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 a low-impedance path for fault currents, in
accordance with UL 467 and the NEC tables for equipment grounding
conductors.

d. Jacket: Flexible, corrosion-resistant, watertight, moisture and
heat-resistant molded rubber material with stainless steel jacket

clamps.

Conduit Supports:

1.

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

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

Multiple conduit (trapeze) hangers: Not less than 1.5 x 1.5 in [38
mm x 38 mm], l2-gauge steel, cold-formed, lipped channels; with not
less than 0.375 in [9 mm] diameter steel hanger rods.

Solid Masonry and Concrete Anchors: Self-drilling expansion shields,

or machine bolt expansion.

Outlet, Junction, and Pull Boxes:

1.
2.

UL-50 and UL-514A.

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

Sheet metal boxes: Galvanized steel, except where otherwise shown.
Flush-mounted wall or ceiling boxes shall be installed with raised
covers so that the 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.

3 - EXECUTION

3.1 PENETRATIONS

A. Cutting or Holes:
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1. Cutting or drilling through structural elements such as beams or
columns shall not be allowed.

2. Cut holes through concrete and masonry in new and existing
structures with a diamond core drill or concrete saw. Pneumatic
hammers, impact electric, hand, or manual hammer-type drills are not
allowed, except where permitted by the Project Engineer.

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

A.

In accordance with UL, NEC, as shown, and as specified herein.
Essential (Emergency) raceway systems shall be entirely independent of
other raceway systems, except where shown on drawings.

Install conduit as follows:

1. In complete mechanically and electrically continuous runs before
pulling in cables or wires.

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

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

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

5. Cut square, ream, remove burrs, and draw up tight.

6. Independently support conduit at 8 ft [2.4 M] on centers. Do not use
other supports, i.e., suspended ceilings, suspended ceiling
supporting members, lighting fixtures, conduits, mechanical piping,
or mechanical ducts.

7. Support within 12 in [300 mm] of changes of direction, and within 12
in [300 mm] of each enclosure to which connected.

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

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.
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11. Conduit bodies shall only be used for changes in direction, and
shall not contain splices.

D. Conduit Bends:

1. Make bends with standard conduit bending machines.

2. Conduit hickey may be used for slight offsets and for straightening
stubbed out conduits.

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

E. Layout and Homeruns:

1. Install conduit with wiring, including homeruns, as shown on
drawings.

2. Deviations: Make only where necessary to avoid interferences and
only after drawings showing the proposed deviations have been
submitted approved by the Project Engineer.

3.3 EXPOSED WORK INSTALLATION

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

B. Conduit for Conductors 600 V and Below: Rigid steel or EMT. Mixing
different types of conduits indiscriminately in the system is
prohibited.

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

D. Install horizontal runs close to the ceiling or beams and secure with
conduit straps.

E. Support horizontal or vertical runs at not over 8 ft [2.4 M] intervals.

F. If conduit is routed through areas without ceilings, it shall be routed
as high as possible and in no case lower than any other utilities.
Exact route and location shall be approved in advance by the VA Project
Engineer.

G. Painting:

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

3.5 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,
constant-temperature rooms, air-conditioned spaces, building exterior

walls, roofs, or similar spaces.
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3.6 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.

Use liquid-tight flexible metal conduit for installation in exterior
locations, moisture or humidity laden atmosphere, corrosive atmosphere,
water or spray wash-down operations, inside airstream of HVAC units,
and locations subject to seepage or dripping of o0il, grease, or water.
Provide a green equipment grounding conductor with flexible metal

conduit.

3.7 CONDUIT SUPPORTS, INSTALLATION

A.

Safe working load shall not exceed one-quarter 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 and within 1 foot of all boxes and bends.
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 200 lbs [90 kg].
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 0.25 in [6 mm] bolt size
and not less than 1.125 in [28 mm] embedment.
b. Power set fasteners not less than 0.25 in [6 mm] diameter with
depth of penetration not less than 3 in [75 mm].
c. Use vibration and shock-resistant anchors and fasteners for
attaching to concrete ceilings.
Hollow Masonry: Toggle bolts.
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.
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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.

3.8 BOX INSTALLATION

A.

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.

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.

Outlet boxes mounted back-to-back in the same wall are prohibited. A

minimum 24 in [600 mm] center-to-center lateral spacing shall be

maintained between boxes.

Minimum size of outlet boxes for ground fault interrupter (GFI)

receptacles is 4 in [100 mm] square x 2.125 in [55 mm] deep, with

device covers for the wall material and thickness involved.

Stencil or install phenolic nameplates on covers of the boxes for

control wiring; for example "SIG-FA JB No. 1" or “Nurse Call.” All

control wiring shall be stenciled as to the type of system installed

within. In addition, the covers on all temperature controls related

junction boxes shall be painted blue.

On all branch circuit junction box covers, identify the circuits with

black marker. Provide stenciled labels where junction boxes are

installed in exposed finished areas.

Provide support for all outlet boxes installed within steel studs on

both sides of the outlet box, not just on the stud side of the box.

- - —-END - - -
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SECTION 26 24 19
MOTOR CONTROL CENTERS

PART 1 - GENERAL

1.1 DESCRIPTION

A.

This section specifies the furnishing, complete installation, and

connection of motor control centers.

1.2 RELATED WORK

A.

D.

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) : Cables and wiring.

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.

Section 26 29 11, MOTOR STARTERS: Control and protection of motors.

1.3 QUALITY ASSURANCE

A.

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

1.4 SUBMITTALS

A.

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

INSTALLATIONS.

Catalog Data: Submit catalog data and information as required to

demonstrate that materials conform to the specification requirements.

Data shall include features, characteristics, ratings, and settings of

all adjustable components.

Shop Drawings:

1. Clearly present sufficient information to determine compliance with
drawings and specifications.

2. Include electrical ratings, enclosure type, dimensions, weights,
mounting details, front view, side view, equipment and device
arrangement, running overcurrent protection, branch circuit
overcurrent protection, wiring diagrams, materials, connection
diagrams for each motor control center, and nameplate schedule.

3. For starters: a list of overload sizes for each motor and circuit
breakers sizes.

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

the following to the Project Engineer:

1. Complete maintenance, operating and testing manuals, including wiring

diagrams, technical data sheets, including load current, overload
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relay and settings of adjustable relays, and information for ordering

replacement parts:

a. Include complete "As Installed" diagrams that indicate all pieces
of equipment and their interconnecting wiring.

b. Include complete diagrams of the internal wiring for each piece of
equipment, including "As Installed" revisions of the diagrams.

c. The wiring diagrams shall identify the terminals to facilitate
installation, maintenance, operation, and testing.

d. Instructions for testing and adjusting overcurrent protective

devices.

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.

National Electrical Manufacturers Association (NEMA) :

ICS 1-05. ... Industrial Control and Systems: General
Requirements
ICS 2-05.. ... Industrial Control and Systems: Controllers,

Contactors, and Overhead Relays, Rated 600 volts

ICS 6-06. .t eeeeeeeennn Industrial Control and Systems: Enclosures

FU 1-02. ..., Low-Voltage Cartridge Fuses

250-03 .0t iiiieeee Enclosures for Electrical Equipment (1000 Volts
Maximum)

National Fire Protection Association (NFPA):

TO=05. . i e e National Electrical Code (NEC)
Underwriters Laboratories, Inc. (UL):
845-05. ... it Motor Control Centers

PART 2 - PRODUCTS

2.1 MOTOR CONTROL CENTERS

A.

Factory—-assembled motor control centers shall comply with NEC, NEMA, and
UL, and as shown on the drawings.

Motor control centers shall be complete, floor-mounted, dead-front
metal-enclosed, free-standing, grounded, indoor type.

Wiring: The motor control centers shall be NEMA Standard, Class 1, Type
B.

The components and the control wiring shall conform to the approved shop
drawings as furnished for the various applicable electrical and
mechanical sections of the specifications.

All steel parts shall be factory-phosphatized, painted with primer, and

baked enamel or lacquer finishes, except for ground connections. The
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paint and finish shall withstand a minimum of 1000 hours salt spray

test.

2.2 STARTERS

1.

Product of the same manufacturer as the motor control centers.

Factory tested, stab-on, draw-out type up through size 4. Size 5 and
above require bolted connections.

Shall conform to the requirements in Section 26 29 11, LOW-VOLTAGE MOTOR
STARTERS.

Interchangeable with starter of the same ratings in all of the motor
control centers being installed for this contract. Each motor starter
shall be provided with a label indicating all of its ratings.
Disconnecting devices shall be circuit breaker type with external
operating handle with lock-open padlocking positions and on-off position
indicator.

Circuit Breakers:

a. UL listed and labeled, in accordance with the NEC, as shown on the
drawings and as specified.

b. Bolt-on thermal-magnetic type with a minimum interrupting rating
to match existing.

c. Equipped with automatic, trip free, non-adjustable, inverse time,
and instantaneous magnetic trips for 100A or less. The magnetic
trips shall be adjustable from 3x to 10x for breakers greater than
100A frames. Factory setting shall be HI, unless otherwise noted.

d. Additional features shall be as follows:

1) A rugged, integral housing of molded insulating material.

2) Silver alloy contacts.

3) Arc quenchers and phase barriers for each pole.

4) Quick-make, quick-break, operating mechanisms.

5) 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.

6) Electrically and mechanically trip-free.

7) An overload on one pole of a multi-pole breaker shall
automatically cause all breaker poles to open.

Doors for each space shall be interlocked to prevent their opening
unless disconnect is open. A "defeater" mechanism shall be incorporated
for inspection by qualified personnel.

Identify each motor controller, circuit breaker, and switch with a
separate nameplate of laminated black phenolic resin with white core and
engraved lettering not less than 0.25 in [6 mm] high. Identify each

motor by its number or other designation, which indicates function
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fulfilled by the motor. Identify pilot light with ON and OFF

designation.

2.4 FEEDER UNITS

A.

Circuit breaker: Bolt-on thermal-magnetic type with a minimum
interrupting rating to match existing. Equipped with automatic, trip
free, non-adjustable, inverse time, and instantaneous magnetic trips for
100A or less. The magnetic trips shall be adjustable from 3x to 10x for
breakers greater than 100A frames. Factory setting shall be HI, unless

otherwise noted.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Installation shall be in accordance with NEC, written instructions of

the manufacturer, and as shown on the drawings.

3.2 ACCEPTANCE CHECKS AND TESTS

A.

Perform in accordance with the manufacturer's recommendations. Include
the following visual and mechanical inspections and electrical tests:
1. Visual and Mechanical Inspection

a. Compare equipment nameplate data with specifications and approved
shop drawings.

b. Inspect physical, electrical, and mechanical condition.

Verify appropriate anchorage and required area clearances.
Verify that fuse and circuit breaker sizes and types correspond to
approved shop drawings.

e. Use calibrated torque-wrench method to verify the tightness of
accessible bolted electrical connections, or perform a
thermographic survey after energization.

f. Confirm correct operation and sequencing of electrical and
mechanical interlock systems.

g. Clean motor control center.

h. Inspect insulators for evidence of physical damage or contaminated
surfaces.

i. Exercise all active components.

j. Verify the correct operation of all sensing devices, alarms, and
indicating devices.

k. If applicable, inspect control power transformers.

2. Electrical Tests

a. Perform insulation-resistance tests on each bus section.
Perform overpotential tests.

c. Perform insulation-resistance test on control wiring; do not

perform this test on wiring connected to solid-state components.
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3.3 FOLLOW-UP VERIFICATION
A. Upon completion of acceptance checks, settings, and tests, the
contractor shall demonstrate that the motor control center is in good
operating condition and properly performing the intended function.
3.4 TRAINING
A. Furnish the services of a competent, factory-trained engineer or
technician for a 2-hour period to instruct VA personnel in operation and
maintenance of the equipment, including review of the operation and
maintenance manual, on a date requested by the Project Engineer.

- - -END - - -
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SECTION 26 29 11
MOTOR STARTERS

1 - GENERAL

1.1 DESCRIPTION

A.

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.

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 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

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

FOR ELECTRICAL INSTALLATIONS.

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

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.

b. Wiring diagrams shall indicate internal wiring for each item of

equipment and interconnections between the items of equipment.
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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 Project
Engineer.

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.

B. Institute of Electrical and Electronic Engineers (IEEE):
5190 . . e e Recommended Practices and Requirements for

Harmonic Control in Electrical Power Systems

C37.90.1..cuiiineenenn. Standard Surge Withstand Capability (SWC) Tests

for Protective Relays and Relay Systems

C. National Electrical Manufacturers Association (NEMA) :

ICS L1t ie it ie e et Industrial Control and Systems General
Requirements
ICS 1.1 ittt Safety Guidelines for the Application,

Installation and Maintenance of Solid State
Control

ICS 2t ittt e e et et eeee Industrial Control and Systems, Controllers,
Contactors and Overload Relays Rated 600 Volts

DC

ICS B iiiii i Industrial Control and Systems Enclosures

ICS Tttt i ettt eeeenen Industrial Control and Systems Adjustable-Speed
Drives

ICS 7.1ttt iiieee.. Safety Standards for Construction and Guide for

Selection, Installation and Operation of
Adjustable-Speed Drive Systems

D. National Fire Protection Association (NFPA):

J0 e e e e e e e e e e e e National Electrical Code (NEC)
E. Underwriters Laboratories Inc. (UL):
508 . it e e e Industrial Control Equipment

PART 2 - PRODUCTS
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2.1 MOTOR STARTERS, GENERAL

A.

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

(I¢cs 1, 1¢cs 1.1, I1CSs 2, ICS 6, ICS 7 and ICS 7.1) and UL.

Shall have the following features:

1. Separately enclosed unless part of another assembly.

2. 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 position

3. Motor control circuits:

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
control circuits be isolated.

c. Incorporate a separate, heavy duty, control transformer withi

09-10

S.

the

n

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.

4. Overload current protective devices:
a. Overload relay (solid state type).
One for each pole.
d. Manual reset on the door of each motor controller enclosure.
e. 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 Project Engineer,

which indicates and adequately identifies every motor controller

installed. Include the catalog numbers for the correct sizes

protective devices for the motor controllers.

of

5. Hand-Off-Automatic (H-O-A) switch is required unless specifically

stated on the drawings as not required for a particular starter.

O-A switch is not required for manual motor starters.

H-

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

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

A. Shall be in accordance with applicable requirements of 2.1 above.

B. Motor starting switches.

1.

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

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

2.3 MAGNETIC MOTOR STARTERS

A. 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.
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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-1line 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.

2.6 VARIABLE SPEED MOTOR CONTROLLERS

A. Shall be in accordance with applicable portions of 2.1 above.

B. Shall be solid state, micro processor-based with adjustable frequency
and voltage, three phase output capable of driving standard NEMA B
design, three phase alternating current induction motors at full rated
speed. The drives shall utilize a full wave bridge design incorporating
diode rectifier circuitry with pulse width modulation (PWM). Other
control techniques are not acceptable. Silicon controlled rectifiers
(SCR) shall not be used in the rectifying circuitry. The drives shall
be designed to be used on variable torque loads and shall be capable of
providing sufficient torque to allow the motor to break away from rest
upon first application of power.

C. Unit shall be capable of operating within voltage parameters of plus 10
to minus 10 percent of line voltage, and be suitably rated for the full
load amps of the maximum watts (HP) within its class.

D. Operating and Design Conditions:

Elevation: 1000 feet AMSL
Temperatures: Maximum +90°F Minimum -10°F
Relative Humidity: 95%
Drive Location: Boiler Plant
E. Controllers shall have the following features:

1. Isolated power for control circuits.

2. Manually re-settable motor overload protection for each phase.

3. Adjustable current limiting circuitry to provide soft motor

starting. Maximum starting current shall not exceed 200 percent of

motor full load current.
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Independent acceleration and deceleration time adjustment, manually
adjustable from 2 to 30 seconds. (Set timers to the equipment
manufacturer's recommended time in the above range.)
Provide 4 to 20 ma current follower circuitry for interface with
mechanical sensor devices.
Automatic frequency adjustment from 20 Hz to 60 Hz.
Provide circuitry to initiate an orderly shutdown when any of the
conditions listed below occur. The controller shall not be damaged
by any of these electrical disturbances and shall automatically
restart when the conditions are corrected. The drive shall be able
to restart into a rotating motor operating in either the forward or
reverse direction and matching that frequency.

Incorrect phase sequence.

a
b. Single phasing.

Q

Over voltage in excess of 10 percent.

Q.

Under voltage in excess of 10 percent.
e. Running over current above 110 percent (shall not automatically
reset for this condition.)
f. Instantaneous overcurrent above 150 percent (shall not
automatically reset for this condition).
g. Surge voltage in excess of 1000 volts.
Short duration power outages of 12 cycles or less (i.e.,
distribution line switching, generator testing, and automatic
transfer switch operations.)
Automatic Reset/Restart: Attempt three restarts after drive fault
or on return of power after an interruption and before shutting down
for manual reset or fault correction; adjustable delay time between
restart attempts.
Power-Interruption Protection: To prevent motor from re-energizing
after a power interruption until motor has stopped, unless
"Bidirectional Autospeed Search" feature is available and engaged.
Bidirectional Autospeed Search: Capable of starting VFC into
rotating loads spinning in either direction and returning motor to
set speed in proper direction, without causing damage to drive,

motor, or load.

Minimum efficiency shall be 95 percent at 100 percent speed and

85percent at 50 percent speed.
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G. The displacement power factor of the controller shall not be less than
95 percent under any speed or load condition.

H. Controllers shall include a door interlocked fused safety disconnect
switch or door interlocked circuit breaker switch which will disconnect
all input power.

Controller shall include a 3% line reactor, and RFI/EMI filter.
J. The following accessories are to be door mounted:

1. AC Power on light.

2. Ammeter (RMS motor current).

3. HAND-OFF-AUTOMATIC switch.

4. Manual speed control in HAND mode.

5. System protection lights indicating that the system has shutdown and
will not automatically restart.

6. System protection light indicating that the system has shutdown but
will restart when conditions return to normal.

7. Manual variable speed controller by-pass switch.

8. Diagnostic shutdown indicator lights for each shutdown condition.

9. Provide two N.O. and two N.C. dry contacts rated 120 volts, 10
amperes, 60 HZ for remote indication of the following:

a. System shutdown with auto restart.
b. System shutdown without auto restart.
c. System running.

10. Incorporate into each control circuit a 120-volt, time delay relay
(ON delay), adjustable from 0.3-10 minutes, with transient
protection. Provide transformer/s for the control circuit/s.

11. Controller shall not add any current or voltage transients to the
input AC power distribution system nor shall transients from other
devices on the AC power distribution system affect the controller.
Controllers shall be protected to comply with IEEE C37.90.1 and
UL-508. Line noise and harmonic voltage distortion shall not exceed
the values allowed by IEEE 519.

K. Hardware and software to enable the BAS to monitor, control, and display
controller status and alarms.
L. Embedded BAS Protocols for Network Communications: As specified in

Division 22.

2.7 MOTOR CONTROL STATIONS

A. Shall have the following features:
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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.

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.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

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

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.
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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 ADJUSTING

A.

Set field-adjustable switches, auxiliary relays, time-delay relays,
timers, and overload-relay pickup and trip ranges.

Adjust overload-relay heaters or settings if power factor correction
capacitors are connected to the load side of the overload relays.
Adjust trip settings of MCPs and thermal-magnetic circuit breakers with
adjustable instantaneous trip elements. Initially adjust at six times
the motor nameplate full-load ampere ratings and attempt to start
motors several times, allowing for motor cooldown between starts. If
tripping occurs on motor inrush, adjust settings in increments until
motors start without tripping. Do not exceed eight times the motor
full-load amperes (or 11 times for NEMA Premium Efficient motors if
required). Where these maximum settings do not allow starting of a

motor, notify Resident Engineer before increasing settings.

3.3 ACCEPTANCE CHECKS AND TESTS

A. Perform in accordance with the manufacturer's recommendations. Include

the following visual and mechanical inspections and electrical tests:
1. Visual and Mechanical Inspection

a. Compare equipment nameplate data with specifications and approved
shop drawings.

b. Inspect physical, electrical, and mechanical condition.

Inspect contactors.

d. Clean motor starters and variable speed motor controllers.

e. Verify overload element ratings are correct for their
applications.

f. If motor-running protection is provided by fuses, verify correct
fuse rating.

g. Verify tightness of accessible bolted electrical connections by
calibrated torque-wrench method in accordance with manufacturer’s
published data.

2. Variable speed motor controllers:
a. Final programming and connections to variable speed motor

controllers shall be by a factory-trained technician. Set all
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programmable functions of the variable speed motor controllers to
meet the requirements and conditions of use.
b. Test all control and safety features of the variable frequency
drive.
3.4 FOLLOW-UP VERIFICATION
A. 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.
3.5 SPARE PARTS
A. 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

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

low voltage disconnect switches.
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.

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

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

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

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

1.3 QUALITY ASSURANCE

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

FOR ELECTRICAL INSTALLATIONS.
1.4 SUBMITTALS

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

B. Shop Drawings:

1. Clearly present sufficient information to determine compliance with
drawings and specifications.

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

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 two copies to

the Project Engineer two weeks prior to final inspection.
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2. Terminals on wiring diagrams shall be identified to facilitate
maintenance and operation.

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

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.

National Electrical Manufacturers Association (NEMA) :

FU 1-07. it iinnnnnn. Low Voltage Cartridge Fuses

KS 1-06.. ... Enclosed and Miscellaneous Distribution
Equipment Switches (600 Volts Maximum)

National Fire Protection Association (NFPA):

JO0=08 . it i e e e e e National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

98-04. .. ittt Enclosed and Dead-Front Switches
248-00. ...ttt Low Voltage Fuses
OT7T7=94 . . et e e e Fused Power-Circuit Devices

PART 2 - PRODUCTS

2.1 IDENTIFICATION SIGNS

A.

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

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.

2.2 LOW VOLTAGE FUSIBLE SWITCHES RATED 600 AMPERES AND LESS

A.

In accordance with UL 98, NEMA KS1, and NEC.

Shall have NEMA classification General Duty (GD) for 240 V switches and

NEMA classification Heavy Duty (HD) for 480 V switches.

Shall be HP rated.

Shall have the following features:

1. Switch mechanism shall be the gquick-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
have lock-open padlocking provisions.

5. Mechanical interlock shall permit opening of the door only when the

switch is in the OFF position, defeatable to permit inspection.
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6. Fuse holders for the sizes and types of fuses specified.
7. Solid neutral for each switch being installed in a circuit which
includes a neutral conductor.
8. Ground lugs for each ground conductor.
9. Enclosures:
Shall be the NEMA types shown on the drawings for the switches.
b. Where the types of switch enclosures are not shown, they shall be
the NEMA types most suitable for the ambient environmental
conditions. Unless 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).

2.3 LOW VOLTAGE UNFUSED SWITCHES RATED 600 AMPERES AND LESS

A.

Shall be the same as Low Voltage Fusible Switches Rated 600 Amperes and

Less, but without provisions for fuses.

2.4 LOW VOLTAGE CARTRIDGE FUSES

A.
B.
C.

In accordance with NEMA FULl.
Motor Branch Circuits: Class RK1l, time delay.

Control Circuits: Class CC, time delay.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

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

Label each double throw switch with the panel names and circuit numbers
contained and the item served (91S11-2,4,6 & EB91S2-2,4,6; Water
Heater). Labels shall be self-adhesive type to match those existing at
the hospital. Coordinate exact requirements with the Project Engineer.
Provide arc flash labels in accordance with NFPA 70E. Labels shall be
self-adhesive type to match those existing at the hospital. Coordinate
exact requirements with the Project Engineer.

Fusible disconnect switches shall be furnished complete with fuses.
Arrange fuses such that rating information is readable without removing

the fuse.

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 Project Engineer.

- - -END - - -
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