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DEPARTMENT OF THE NAVY NFGS-16402L (July 1981)
NAVAL FACILITIES !
ENGINEERING COMMAND * Use in lieu of

GUIDE SPECIFICATION TS=16402 (September 1978)

‘
SECTION 16402
INTERICR WIRING SYSTEMS
PART 1 - GENERAL G :
1.1 APPLICABLE PUBLICATIONS: The publicatioms listsd-below form a
part of this specification to the extent referenced. The publications

are rsferred to in the text by the basic designatiom omly.

1l.1.1 Federal Specifications (Fed. Spec.):

wW-C=-3758 Circuit Breaker, Molded Case, Branch=Circuit and
Sarvice -
W-3-896E(1) Switch, Toggle (Toggle and Lock), Flush Mounted

1.1.2 As=ricsn Rational Standards Institute (ANSI) Publications:

€30.1-1977 Spacification for Rigid Steel Conduict,
: Zinc-costed
C30.3~1977 Specification for Electrical Metallic Tubing,
Zinc-coated
C80.5~1977 Specification for Rigid Aluminum Conduit

1l.1.3 Americsn Society for Testing and Materials (ASTM) Publications:

B 1-70 Hard-Drawvan Copper Wire
(R 1976)
B 8=77 Coocentric~Lay-Stranded Copper Conductor, Hard,

¥edium=-Hard, or Soft

l.1.4 National Electrical Marufactursrs Association (NEMA)
Publications:

BU1-1978 Busways







ICS1-1978

ICS2-1978
(Rev. 2-80)

ICS4~1977
(Rav. 1-78)

ICS6-1978
___(Rav. 1-80)

KS1-1973

MGl-1978
(Rev. 5-80)

P82-1978

S§T20-1972
(R 1978)

TC2-1978
(Rev. 2-80)

TC3-1978
TC6~1978

TCS=1978
(Rav. 1-738)
VE1-1979

wD1-1979
(Rev. 1-79)

70-1981

1-1979
(ar 80)

5#%1979

50-1980
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General Standards for Induscrial Control and
Systems

Industrial Coutrol Devices, Controllers and
Assemblies

Terminal Blocks for Industrial Comtrol Equipment
and Systems

Enclosures for Industrial Controls and Systems

- Enclosed Switches

Motors and Generators

Deadfront Distribution Switchboards

Dry-Type Transformars for Genmeral Applications

Electrical Plastic Tubing (EPT) and Conduit
(EPC-40 and EPC-80)

PVC Fittings for Use with Rigid PVC Conduit and
Tubing

PVC and ABS Plastic Utilities Duct for
Underground Installation

Fittings for ABS or PVC Plastic Utilities Duect
for Underground Installation

Cable Tray Systems .

General Purpose Wiring Devices

1l.1.5 National Firas Protection Assocciation (NFPA) Publigation:

National Electrical Code (NEC)

1.1.6 Undervritars' Laboratories, Izc. (UL) Publications:

Flexible Metal Conduit

Surface Metal Raceways and Fitctings

Cabinets and Box=s
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67-1979 Panelboards
(Dec 80)
83-1980 - Thermoplastic-Insulated Wires and Cables
198B~1975 Class B Fuses
(Aug 78)
198C-19381 High=Interrupting Capacity Fuses, Current=-
(Mzy 81) limiting Type
198D-1978 Class K Fuses
(M2y 79) .
198E-1979 Class R Fuses
467-1972 Groundirg and Bonding Equipment
(May 79)
486A-1980 Wire Comnsctors a2nd Soldering Lugs for Use with
Coppar Conductors
486B~1978 Wire Connactors for Use with Alumioum Conductors
(Feb 81)
489-1980 ¥olded-Case Circuit Breakers and Circuit Breakar
Enclosurss
510-1976 Insulating Tape
(Jua 80)
514~1979 Outlet Boxes and Pittings
(4pr 80)
719=1979 Noumetallic-Shesthed Cables
854~1979 Service-Entrance Cables
(Nov 80)
869-1977 Service Equipment
(Nov 80)
943-1972 Ground-Fault Circuit Interrupters
(Jan 77)
984-1979 Hermetic Refrigerant Motor—-Compressors
1242-1977 Iotermediate Metal Conduit
(Draft) :
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1.2 GENERAL REQUIREMENTS: Sectiom 16011, "Electrical General (D)
Requirements," applies to this section with additioms and modifications
specified hersin. In each of the standards referred to hersin, comsider
the advisory provisions to be mandatory, as though the word "shall" had
been substituted for "should" vherever it appears. Intarpret raference
in these standards to the "authority having jurisdiction," or words of
similar mesning, to mean the Contracting Officer.

2. Uodarground Satvica: Undarground service into Build ngs snall
terminat a4 point 3 feet outside the building and prefections thereof,
except that serviee conductors shall be contimuo o the interior
terminating point ind d. The underground.gOrtion of the conduit
shall be encased in a concre nvelope be¥ing a wall thickness of not
less than three inches and shall De baTied not lass than 24 inches.

Where a conduit enters through oncrs floor, the curved portion shall
not be visible above the fipidhed floor and entire conduit below the
floor slab shall ba encae®d in a concrete envelopa~hgving a vall
thickness of not 1 than three inches. Ends of the Undgrground conduit
shall be protegsed by thresded metal caps until commections 2se made.
Underground <€@rvice from 5 feet ocutside the building to the comnaction to
the existing power system shall be provided under Section 16301,
"UondefRround Elect 0 "

% QR W

1.2.1 Overhead Service: Overhead service conductors into buildings
shall terminate at the service entrance fittings or weatherhead outside
the building. The overhead service conductors and support bracket for
the overhead conductors are included in Sectiom 16302, "Overhead
Electrical Work."

trical Charactiwistics: EPlectzi LS&EC¥ f9r this
R X [chre
connected and [DORA._)
[four] wire, = oy
istribueitn syscem at|the
te] [ POL E-—T"sha ngde by the
he-Cintracting Officer] (CESSriBENE=wai

volts

2iza - .

1.3 SUBMITTALS:

1.3.1 Manufacturer's Data:
a. Receptacles

¢, Circuit Breakers:
d. Switches
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e Intermediate Metal Conduit
g Conduit Supports

7 P;lltic Conduit

j.
1.3.2 Shop Drawings:

2. Panelbcards

b. Transformars -

Ce Busway

d. Wireway '
8.——Cable-Trgugh
-—fe——MNotor-Control-CIRter

g

1.3.3 Cartificates of Conformance or Compliance:

8. Conduit (except plastic and IMC)
b. Ground Rods :

€. Outlet and Junction Boxes

d. Ilasulating Tapas

e. Conduit Pictings

£. Device Plates

g Conductors

h.

1.3.4 Semplas:

d.
b.

.

1.4 TRARSFORMER TESTS AND TEST REPORTS: Perform tests classified as
"routine" per NEMA ST20 cun each transformer and submit the results for
spproval in report form. Submittal shall also contain the results of
FEMA "design” and "prototype'" tests that wera msde on transformers ~
electrically and mechanically equal to those specified.

PART 2 - PRODUCTS

2.1 MATERTALS AND EQUIPMENT: All materials, equipment, and devices
shall, as & minimm, mset the requirements of UL where UL Standards are

established for those items and the rasquirements of NFPA-70. All items
shall be new unless specified or indicated otherwise.

‘2.1.1 Coordination: Coordinate new equipment (fuses, circuit
breakers, relays, and other equipment) with existing station equipment.

The Comtracting Officer will provide the necessary information onm
existing equipment when rsquested.
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2.1.2 Conduit and Fic:ipgs:

2.1.2.1 Rigid Steel Conduit (Zinc—coated): ANSI C80.1

R R A e e TR P ANS T UL S

2:1.2.3 Rigid Normetallic Conduit for Dirmct Burial: NEMA TC2, Type
EPC=40, PVC only

2.1.2.4 Rigid Nommatallic Couduit for Concrete Encased Burial: NEMA—
TC§, type EB, FVC ouly

2.1.2.5 Intermediate Metal Conduit (IMC): UL 1242, zinc-coated steel
enly R '

2.1.2.6 Electrical Matallic Tubing (EMT): ANSI C80.3

r

2.1.2.7 Flexible Metal Conduit: UL 1, zinc—ccated steel only

2.1.2.8 Fittings for Matal Conduit, Electrical HeIallic Tubiﬁg, and
Flexible Maetal Conduit: Ul‘514. All ferrous fittings shall be cadmium—
or zinc-coated per UL 514, ;

2.1.2.8.1 FPittings for rigid matal conduit and IMC shall be threaded
type. Split couplings are not acceptzbla.

2.1.2.8.2 Fittings for electrical matallic tubing (EMT) sball be the
compression type.

2.1.2.9 Pittings for Rigid Nocmetallic Corduit: NEMA TC3 or NEMA TC3,
&3 required.

aririe - d Ricrings: UL 5, two=piac
paid steel, :o:ally-anclosnd snap-cover typ Provide
zulgi y with grgued -:ype receptaclc where
ind | e specified in this sectigan of the

4 Busways: REMA BUl. Buses shall be [copp
shall be [steel] {or] [alunumm] S

(circuic







.1‘5.1 rmgh ®
ingl [6=] (12-] [183

2.1.5.2 Laddez—~type cable ty shall

inal (6=] (12-] [18=] (2 {30-

of (6=] [5=] [12=} {1&=]Anches m‘xzmnn]

2.1.5.3 Chamngi<type cable trays shal
[$=] inches igFideh].

2.1.5 Solid bottom type cable trays
fof

e cable trays shall }
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NEMA Mangxkal“;hall be of [s:e (or] i
ays shall- ip zinc ’

Fz:::.ngs shall hnve not leds than tF

sizad as indicated]| [of a
inch width].

be [sized as indicated]|[of
] inch width with rung $pacing

1 be (sized indicated] \[(3-]

shall be [sized as indicaged]

Gomizal [6-] [12-] (18-] [26-] [30-] [36-] inch videh].

2.1.6 Outlet Boxss and Covers: UL 514, cadwmium or zinc—coated if of

farrous matal.

- - -
eUDe G ou

each Zutlet shall conaxa: of a cast-mata
conduits, adjustable ring, brass flinge

ggggn oYl - gne;

1 body with threaded opening or
ting, and cover plate

3/4~inch thresded plug. Telephone cutlets shall consise”8f a [surfaca-

mounted horizontal] [flus minum or
(one=inch bushed side opening] (374t

stainl eel housing with a
§ opening]. Outlets shall

hzve provisions to accom=odate a_fem*Snire tatephone terminal block. |
Baceptacle cutlets shall copns#¥t of [surface—=ocunteéd~horizontal] [flush] |
alumimm cr stain s€eel housing with a duplex recepta as

spccxfzed im~this section of the ggg;;ﬁ;;azxgna&‘_ggi;gts shall™ d |

oug

vhc- RacsssaTy t0 iLnsure vl:artzgh: installation.

 _ 2.1.5.7 Cto et ¥or use in other than @ wired clock system shall

consist of an outla: ol plaster cove

recsptacle with clock-outlet Ppiate. The

r wvhere requirsd g~ a single
recaptacle shall be recessed

sufficiently within the box to 2]llowc¥e completa insertion of a standard

cap, flush with the plat; suitable ¢
clock shall b gfed to the top plate.
plate sh be 28 specified—imparagrapt

p or support for hanging the
Kat l and finish of the

y o 5 Cabinets, Junction Boxes, and Pull Boxss (With Volume Grsater

than 100 Cubic Inches): UL 50, hot—dip

zinc—ccated if of sheet”steel.

2.1.8 Wirer and Cables: Wires and cables shall meet the applicable
requirements of NFPA 70 and UL for the .type of insulation, jacket, and

conductor specified or Lndxcated. Unles
otherwise, conductor sizes are based on

s indicated or specified
copper. Conductors No. 10 AWG

and smaller shall be solid copper. Conduczors No. 8 AWG and larger shail
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be stranded copper. [Conductors No. 6 AWG and smaller snall be copper.
Conductors No. 4 ANG and larger shall be esmiliaw copper oz= :
OnET: ﬂquqnq11!1]EEI][}1_.}]§‘||$
: . . 3oL o the folloWisg
a "Alun;nun Couductors.”] Wxa and-eabl¥§ manufactured more
%ﬁan azx] [:wn1vg_lmynn:ha_;sa.n-»u--doso--oi--do-L-i.uoey.&n_.:hn_ai:a...\hall.w
Dot beuseda :

i e boded-iluminum Conductors:. i - grs shall bde of an
uminum allog that is acceptable to UL 2s "componant alumiziss ;i
(tonductor material)y_Should the Contractor chocse to use Shas€Tumin
tion for conductors No. %-AWG and larger, the Contrz shall be ,
spousible for: increasing th onductor size ¥ave the szma ampacity
the coppar size indicated; incresding #conduit ahd pull box size
td accommodate the larger size alugis®® comductors in accordance with ghe
; insuring that the pullipg=fension rating & he z2luminum conductod
sufficient; relocatipg”@quipment, modifying equip@enf terminations,
xzxng equxpma ind resolving to the satisfaction of the Contracting

offi ) -r'"?TBtT!u’-th&&_lii.éiszgs_::f?1:s of tBe-uyse of S
~aTimi o | |

ouduc:ors in lieu of copper.

2.1.8.2 Color ccding is required for all service, feeder, branch,
control, and signalling circuit conductors. Color shall be white for
neutrals and green for grounding cocductors. The color of the ungrounded
conductors in different vol:aﬁi—sy{;ems shall be as follows:
7

a. 120/208 volt, 3-phase: red, black, and blue

b. 277/480 volt, 3-phase: yellow, browm, and orange

e. 120/240 volt, single phase: red and black

All ungrounded conductors of the same color shall be counected to the
sama ungrounded feedar conductor.

2.1.8.3 Conductor sizes are expressed in American Wire Gage (4%G) or
in circulgr mils. Mirimum size for branéh circuits shall be No. 12 AWG g

2.1.8.4 Pover and Lighting Conductors: UL 83, type TEW or IEWN (or
IEEd) ) y

241.8.5 Serv1ce Entrance and Undergrounn Secondar
854 ondug ,except that :ype =ay

‘ sed from meter-soéket to servic . Cable shall bYe
sui akle for direct burial in earth or for xns:allatzon ia conduit. l
oger

ASTM. B 1,

solid bare cdr

8

ok F)

(G’
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2.8.1.3 Minimum Conductor Sizes: Minimum size for branch circuits
shall be No. 12 AWGge i

; = No.
h&h~ﬂﬂ§?f§ﬂdtfh§iﬁlaesvQﬁlow—engtgy719mogggeQntﬁiJ' ptigeaimtinsiio
e DOw 16 AWG , ’

2.8.2 Color Coding: Provide for all service, feeder, branch, control,
and signaling circuit conductors. Color shall be green for grounding
conductors, and white for neutrals, except where neutrals of more than
one system are installed in same raceway or box, the other neutral shall
be white with a colored (not green) stripe. The color of the ungrounded
conductors in different voltage systems shall be as follows:

a. 120/208 volt, 3-phase: Phase A - black
Phase B - red
Phase C - blue

b. 277/480 volt, 3-phase: Phase A - brown
Phase B - orange
Phase C - yellow

c. 120/240 volt, single phase: red and black.

[d. On a 3-phase, 4-wire delta system, the high leg shall be orange
as required by NFPA 70.]

2.8.3 1Insulation: Unless specified or indicated otherwise, or (1)
required to be otherwise by NFPA 70, all power and lighting wires shall
be 600-volt, Type THW, THWN, XHHW, or RHW, except that grounding wire may
be Type TW; remote-control and signal circuits shall be Type TW, THW or

2.8.4 Bonding Conductors: ASTM B 1, solid bare copper wire for sizes
No. 8 AWG and smaller; ASTM B 8, Class B, stranded bare copper wire for
sizes No. 6 AWG and larger.

2.8.5 Service-entrance (SE) and Underground Service-Entrance (USE)
Cables: UL 854,

__2.8.7 Wire gad cuits:—Iasulated copper

2.9 SPLICES AND TERMINATION COMPONENTS: UL 486A and UL 486B, as
applicable for wire connectors, and UL 510 for insulating tapes.
Connectors for wires No. 10 AWG and smaller shall be insulated .
pPressure-type in accordance with UL 486A or UL 486C (twist-on splicing
connector). Provide solderless terminal lugs on stranded conductors.
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o

N1 8.7 Nommetallic-Sheathed Cablai-Uloill, type-di.Los-NHE £ ;

2.1.8°8_ Flaxible Conmecticmns: Connectiomns to movable equipffent shall
be [flexible. metal conduir with the oumber of conductors igdicated] -
[hesvy=duty tyPe SO cable having a green equipment ground’ comductor ia
additionm to the cigrent carrying comductors].

2.1.9 Splices and Tetmipation Components: ULG86A and UL 486B, as
spplicable for wire comnecfdgs, and UL 510 fop insulating tapes.
Connectors for wires No. 10 and“gmaller sh be insulated pressure-type
or wirenut-type. Provide solderle¥s tepxfnal lugs on stranded comductors.

2.1.10 Device Platas: Provide gefe—piede device plates for outlets and
fittings to suit the devices ingpflled. Plates on unfinished walls and
on fittings shall be of zinc—p€ated sheet steel™qr cast metal having
round or beveled edges. [PYates on finished walls“ghall be urea or
phenolic, minimm 0.10 iafh wall thickness, and U.L. isted. Plates
shall be tha sawe colpf as the receptacle or toggle swibgh with which it
_is mounted.] (Plage® on finished walls shall be satin fidish stainless
steel or brushed>finish alumimm, minimum 0.03 inch thick.] \Screws shall
be machine type€ vith countersunk heads in a color to match the\finish of
the plate. he use of sectional type devica plates will not be
permitted? Plates installed in wet locations shall ba gasketed. Device
plateg Zfor telephona and intezcs i ‘
oY openifi§ 13 center.

2.1.11 Switches:

2.1.11.1 Toggle Switches: Fed. Spec. W-5-896, totally enclosed with
bodies of thermosectting plastic and a mounting strap. EHandles sball be
[ivory). Wiring terminals shall be of the scraw type, side
wvired. Switches shall be rated quiet-type AC omly, 20 ampere, 120-277
volts, with the mumber of poles indicated.

m Colae 0

2.1.11.3 Discounect Switches: NEMA'RS1, [general] [hemy] dut
[oonfused], [single] feewiigmy] throw, quick-make quick-break,

[2 fowmiteet) volts, -ud the pumber of noleg ilndicted. FProvide
switches in NEMA ‘enclosure ¢ (Psoumsdemfned

. bt .] [Switches
serving as motor-disconnect msans shall be horsepcwer rated.]

2.1.11.4 Mark circuit breakers used as switches for 120 volt
fluorescent fixtures "SWD" per UL 489.

n
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«

2.1.12 BReceptacles: NEMA WD 1l,heavy duty, grounding type. Ratings
and configurations shall be as indicated. Bodies shall be of Ssaam
(ivory] thermosetting plastic supported on a metal mounting strap.
Wiring tarminals shall be of the screw type, side wired. Connect
grounding pola to the mounting strap.

L

2.1.12:1 Duplax Receptacles: 20 amperss, 125 volts, No. 5342

2.1.12.3 Weatherproof Racaptacles: Provide in a cast matal box with a
gasketed, weatherproof, cast-metal cover plate and a cap over each
recaptacle opening. The cap(s) shall be provided with a spring—hinged
flap. Raceptacle shall be UL approved for use in "wvat IocatiQni."

2.1.12.4 Ground Fault Circuit Interrupter Receptacles: . UL 943, is
applicable, and shall be duplex feedthrough-type for mounting in a
standard cutlet box. Thae device shall be capable of detecting a current
leak of S miliizwperase

2.1.12.3 Special Purpose Receptacles: Recaptacles serving
are considered special purposae for this project. [Provide in ratings
indicated] [NDMA configuration, rated * __ ampere,
volts.] [Furnish one matching plug with each receptacle.]

7. ;
2.1.12.6 Range Receptdcles: NEMA 142 configuration, rated 230 (1)
ampere, 125/250 volts. [Furnish one matching plug with each receptacle.]

e ¥al

Esceptacles: configuration, rated 30
smpers, i tacle.

2.1.12.8 Plugs: Prcvide beavy—duty rubber—covered 3, 4, or 5 wire
cord of the required siza, install the plugs therson, and attach to the
equipment, The plugs shall be as listed with the Teceptacles, complete
with grounding blzdes. Where equipment is not available, turn over the
plugs and cord assemblies to the Govermmant. -

2.1.13 Panelboayds: UL 67 and UL 50, as applicable. Panelboards for
use as service disconnecting means shall additionally conform to UL 869.
Papalboards shall be circuit breaker equipped [umbewemimsmrsed
- Sphestieed. Design complete pacelboard assembly so that any individual
breaker can be removed without disturbing adjacent units or without
loosening or removing supplemental insulation supplied as a means of
obtaining clearances as required by UL. Whers "space only" is indicaced,

make provisions for the future installation of a breaker sized as
indicated.

10
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2.1.13.1 Panelboard Buses: Provide &coppeth&bus bars

supported on bases independent of the circuit breakers. Design main
buses and back pans so that breakers may be changed without machining,
drilling, or tapping. Provide an insulatad neutral bus in each panel for
connection of circuit neutral comductors. Provide a separate ground bus
marked with a green stripe along its front and bonded to the stael
cabinet for connecting grounding conductors.

2.1.13.2 Circuit Breakers: Fed. Spec. W—C=375 {ambient-c ensaced]

thermal megnetic type with interrupting capacity Jas indicltzzs [of

10,000 a=peres symmstrical minimm). Design breakers to accept copper,
Plug=in circuit breakers are not

&ccaptable.

2.1.13.2.1 Multipole Breakars: Provida common-trip type with a single
operating handle. Design breskers so that an overload in one pole
sutomatically causes all poles to open. ¥ intain phase sequence
throughout each panel so that any :brne%é%twd{,adjacent breaker poles
are commected to Phases A, B, and A & ﬂ\.raspectively.

4 rod-Fs ircuit Interruptica Brez o) AL and PA
7 Provide with "push-to=test" Cutiomes Ore—indication of tripped
cddition, and abilj “detgce~f Current imbalance of approzizately P
miWli :

! ol
- 327 usible Switzh or-2anelbesrdss PMA™KST, Hinged door | 45

type. Switches serving =5tor disconnect means IMm horsepover ;)
rated. B0 ney
IS2.1.14 Puses: Provide a complete sat of fuses for each fusible (%)
[swicch] (panel] [and] [control center]. Tima=current characterissifs
curvesqf fuses serving motors or connactad in savies with cigefiit
ibreakers lox other circuit protective devices] shall be cpefdinarad for

‘proper operatleq. Fuses shall have 2 voltage rating o less than the
lcircuit voltage.

S

; 2.1.14.1 Cartridge Fus Standard . Type (€Tass H): UL 1983,
]

|
fon-rezewable, rated [250] [600] volts. ses shall be tire-—delay [type. ]
i

&

i 2.1.14.2 Cartridge Fuses, Currpafol iting type (Class J): UL 1§8C
B TR Cartridge FusegyCurrent-1imirim type (Class R): UL 1psD,
Class [R-1] [R~5] [E-9] ize—delay type]. Rathgzs shall be (250] [s00]
polts, and [50,000] [¥00,000] (200,000] 2zmps tms Sycmetrical

nterrupting. [Pg let-through current shall not e peed | ] ajpps. ]

2.1.14.4 7 Carcridge Fuses, Current-limiting Type (Class IM): UL JL98E,
:laaefjkxff [RRS] [time—delay type,] ratad [250] [600] volcs

~
>
.~

Y

T
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¥seding the zaaula:zon TAC1D§
7pe with an average sound level of ac

a—

.1.16 Motors: NEMA MGl [except sealed (harzn:ic-cype)
motor-comprassors: UL 984]. The approximate size of each motor is
indicated. Determine specific motor charactaristics to insure provisiom
of correctly sized starters and overload hesters. Motors for operatiom
on 208—volt, 3-phase circuits shall have a voltage rating of 200 volcs‘
aod those for operatiom on 480-vo};:, 3-phase shall have voltage rating

of 460 volts. Motors shall be dafigned to operate at full capacity with
a vol:agc variation of plus or mizus 10 percent of the motor voltage
rating. Motors skall ba of sufficient size for the duty to be performad
and shall not exceed their full load nameplate current rating whem driven
equipment is operated at specified capacity under the most severe
conditions likaly to be encountered.

Sl .. " controllers shal
ha¥ theruxl ovnrload pto:ectzon in each phase and short circuit
protechign. (Magnetic type motor controllers shall have under volfage
protectiocn™when used with momentary-comtact push-buttom statiogs’or

switches and fagll have under voltage release when used with
maintained-contads pushbutton stations or switches.] Whendsed with a
prassure, float, or™similar automatic—-type or maintaizeds€ontact switch,
the controller shsll h¥we a hand—-off-automatic selectpf switch.

Cotnections to the selectdg switch shall be such that only the normal
autcmatic regulatory controlNdevices will be byopéssed when the switch is
in tha "hand" position. All s¥sty control de¥ices such as [low and high
pressure cutouts] [high temperatudg cutoutsd [and] motor overload
protective devicas shall be connecteéd, igfhe motor control circuit in
both the "hand" and the "zutcmatic" pafigions. Control circuit
connections to any hand-off-sutcma r switch or to more thaa cne
autcmatic regulatory control dey 2
indicated] [a manufacturer's i iagmgm. The selector
switch shall have means foz iti for each motcr mot
in sight of the control eans shall be
capable of being locke@ gerated,
con-fused switch w :
shall be placed i i b1 ective
devices shall 4

thermal in

20 Case. The cover of a

lgudnnniq---p--;- - : :
e TPICI0H TOLO SEFE61ler and ‘manual IR ho.gr circuit breaker sh 1

12
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ETRRERE S L

I — )

be interlocked uizh’th€”353§g%§;£-handla of the switch oriéircui:_ﬁreqkir
so thit the- cover cannot be opened unless the handle of the switch oy’
circuil breaker is in the off positionm. - ( /

]

4

1 {
2.1.17.1\ Enclosures for Startars and Controllers: NEMA (11} ] per
NEMA ICS6, unless indicated otherwisae. /

2.1.17.2 Mamial Starters: {Singla] [Doubla] [Three] polydasigned for
(flush] | [surface] ‘mounting. _

2.1.17.3 Maltiple—3geed Motor Controllers and Reversible-Motor
Controllers: Across-thacline type, electrically and géchanically
in:arlocgad. Multiple~spagd controllaers shall have gompelling relays and
shall beithe multiple-button staticn type with pilo lights for each
speed. '

2.1.17.4 Combination Starters Provide with/integral [nonfusible
discomneck switch] [cirsuit breskaex].

2.1.17.5 Pushbutton Stations: Prowde with "start-szop" Womentary
contacts having one normally open and chg ormally closed seg of
contacts,|and ruby indicating lights to 1ddicata when the motor is
Tunning. |Stations shall be heavy-duty odlitight designed for ({flush]
(surface] |mounting.

: ) s :
2:1:17, Pilot and Indicating Lights: Provide transform r, resistor,
or diocde a.

2-1- 1701 Teminll Block.: > ¥ 1054.

2.1.17.8 Raduced=voltage cotrollers shall be provided flor poly-phase )
motors [ ] borsepower/and lirger. Reduced-voltdge dtarters shall
be of the pingle-step autotfansformar, Teactor, or resis{of type, or as
indicated,| 2and shall have A=z adjustable time interval bewkén application
of reducedjand full voltiges to the motors. Wye—delta redfced voltage
starter or|part winding/increment starter having an adjustghle time delay
batween apglication of/voltage to first and second wvinding| of motor may
be ugsed iaflieu of rgduced voltage starzars for scarting o
[motor=genefrator ser’s,] [centrifugally operazed equipment]| [or
[reciprocatfng cowbressors provided with autcmstic unloaders].

2.1.18 Mdtor/Countrel Centars: NEMA Standard Ne. ICs2, Flass [T\ [I1], (0,2
Type [(A] (B }, in NEMA Type [1] (3R] [12] emclosure. Chatrol cecers
shll be ratel at volts, phase, Hertz, ampere Lbus
braced Zfor 200] | amperes RMS sywnecrical. Inccming power
feeder sh: be [busway] [(cable] entering at [top] (bottom] of the
enclosur d terminating om [lugs] [main protective device]. [Main
e —"

Wy mm—

- 13
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pT® Ctive device shal be [molded case circuit breaker] [low—vel

power| ciTouit breaker] (fusible switch] rated at amp&Te RMS !
symoeitrical infErrestigng capacity.] Arrangs-br ing so that coptrol
center can be expanded from beekh < Bus shall be tin=- [silper—]
platgd copper. Intercong ag wires st be copper. Terminal blocks
shal]l be plug=in type~¥o that controllers may be rTemovedwithout
discgunecting individual comtrol wiring. >
.lﬁg: elephona Systex: TPfovide a system of condu withpd
virss, minal boxes, cutlet and junction boxes, and other Ties
for telephone ocutlets. Ths cczplete system shall be reag by
others/who willinstall wire and equipmant. —

2.14/19.1 Outlet Boges for Talephona System:
specified hereinbefore )\ Mount flush in finisfed walls at the hejght
[indicated] ([specified fo 3

2.1.19.2 Cover Plataes: Stax

iza conduits for talephod

ephone
8 bozas, distribution centers,

capinets, junctie
in .ic‘:‘de o

® z Eel.

*, hardvare, doors, and finishes to lighting panelboards.

2.1.20 Grounding and Bonding Equipment: UL 467

2.1.20.1 Eguipment Grounds: Provide a gresa~colored equipment
grounding conductor which shall be separate from the electrical system
neutral conductor. Provide equipment ground conductors in branch
circuits serving convenienca cutlets, receptacles, portable and
permanently installed electrical appliaznces, equipmant, apparatus, and
other miscellanecus metal-enclosing bodies (including light switeh bozes)

norazlly within contact of peTsonnel, SRidET i
="eqwiﬁmiﬁf“g:gpndﬂeousissing,qj A _SEDRTILEmAE tree—i <
equi : il CEIE Y remgrourding-connection. ~The
equipment end of-the z: 2ll consist g 1 gh-at

1845 “Eviee“aawiongw4§~¢bcﬁﬁer:i.gi' ;

-

2.1.20.2 Ground Rods: Copperweld type, 3/4 inch in dizmecer and 10
feat long unless otherwisa indicatad.

14
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.20.3 Hazardous Locatioms: Electrical materials, equipm
fevices fOr—imatallation in hazardous locations .
shall be specifically—aepp ers Laboratories or Factory
> "Division," and "Group" of hazarHous

y he ang sifications of hazardous
ball be as [indicated om the drawings —Sng

201 — Swmebke De feetoy

PART 3 - EXECUTION ___ .

3.1 INSTALLATION:

3.1.1 General Rsquirements: Elactrical installations shall conform to
the requiremsats of ANSI C2 and NFPA 70 and to the requirements specifiad
herain. Measurs mounting heights specified or indicated to the centar of
the device or cutlat. =

3.1.2 Hazardous locations: Perform work in hazardous locations as
dafined by KFPA 70 in strict sccordance with the NEC for the particular
"Class," "Division," and "Group" of hazardous locaticns involved.
Provide conduit and cable seals whers required by NFPA 70.

3.1.3 Wiring Mathods: Wiring method shall be insulated conductors
installed in conduit, except where specifically indicated or specified

othervise, or required by NFPA 70 to be installed otherwise. Conduit
shall be rigid matal conduit, intermediste meral conduit (IMC), or
electrical metallic tubing (EMT) except wvhere specified or indicared
othervise.

3.1.3.2 Electrical Metallic Tubing: Do not install underground,
erc2sa in concreta, use in areas vhere subject to severe physical damage,

oT use in outdoor work.
»

3.1.3.3 Normetallic Conduit: Usae only vhers specifically indicated or
specified for special situarions or systens,

3.1.3.4 TUnderground Conduit: [Rigid steel or steel IMC] (PVC, type
EB] and euncased in a minimum of 3 inches of concresta.

3.1.3.5 Conduit In or Under Floor Slabs: [Rigid stael or stael ~C]
lor] [PVC, type EPC-40]

15
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3.1.3.6 Service Entrance Conduit: [Rigid steel or IMC] [PVC, Type EZ]
from the service equipment Yto the outdoor :ransfomerw (eo
a point at least S5-feet beyond the building or projectionm thersof and not
less than 24~inches below grade] [to the service entrance fitting or
veatherhead outside the building].

3.1.4 Conduit Installation: Unless indicated otherwise, conceal
conduit withia finished walls,' ceilings, and floors. Reep conduit at
least 6 inches away from parallel runs of flues and stesm or hot-water
pipes. Install conduit parzllel with or at right angles to ceilings,
valls, eod structural members where located above accessible ceilings and
vhere conduit will be visible after completion of project.

3.1.4.1 Support Conduit by pipe straps, wall brackn:s, bangers, or
ceiling trapeze. Fasten by wood screws to wood; by toggle bolts on
bollow msusonry units; by concrete inserts or expansion bolts om concreste
or brick; by machine screws, welded threaded stud:, or spring=tension
clamps on steel work. [Thrasded studs driven in by a powder charge and
provided with lock wvashers and puts may ba used in lieu of expansion
bolts or machine or wood screws.] Threaded C—clamps may be used om rigid
steel conduit only. Do mot weld conduits or pipe straps to steel
stTuctures. The load applied to fastenars shall not exczed cme~fourth of
the proof test load. TFastaeners attachad to concrets ceiling shall be
vibratica and shock resistant. EHoles cut to a depth of core tham 1-1/2
znchen in reinforced concrete beems or to a depth of more thanm 3/4-inch
in concrate joints shall not cut the mein rl1nforc1ng bnrs. Fill holes

thn: are not used. M%ml* ot 2w :‘

‘#;: "“ y - = > 3 - 2t 4
3 ppovestm—susnaded ceilingin-dw ses.  {Sugpozz
—Epoe g DT s tOrF B Soe b a1 ¢
at_og -'-‘.. e -*rf_,_, _ .

3.1.4.2 Make changes in directionm of runs with sym=metrical bends or
csgt-matal fittings. Mske field—made bends and offsets with a hickey or
corduit=bending machina. Do not instzll crushed or deformed conduits.
&veid trapped conduits. Prevent plaster, di re, or trash frema lodging in
conduits, boxes, fittings, aand equipment during comstruction. Free
clegged conduits of all obstructions.

3 Yrles 3 -nstal‘ puiiual'us in eup_y cenduits in which w;re is to be
insta cel

or plastic having not less thapn 2066 ~oGod s th. Leave not

less ::;zfifﬁ;;saoe—uf'ilack at each end of the 5bilﬁx}re.

—
3.1.4.4 Telephcne 3
with the previous requir
Tequirene

e additiomnal
ength of rum shall exczed 150 feet for

16
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n more than two

21l pull or junction boxes|to
Inside radii of bends ia conduitsjome

‘ Tger sha tizes the nal
dizmatez..- nate conduit at bottom edge of backboard. T
3.1.4.5 Conduit Installed in Concrate Floor Slabs: Locates so as oot (s)

to adversely affect the structural strength of the slabs. Install
conduit within the middle one=third of the concrete slab. f{Do not stack
conduitsdk [Do-sot SEICK Conduirts i i i
mipimem verti — Spacs comnduits
horizontally not cleser than three diameters except at cabipet

locations. Curved portious of bends shall not be visible above the
£i{nish slab. Incrsase slab thickness as necessary to provide a minimum
ons inch cover over conduit. Whers embedded conduits cross expansion
joints, provide suitable watertight expansion fittings and bonding
jumpers. Conduit larger than oue inch trade siza shall be parallel with
or at right angles to tha msin reinforcement; when at right angles to the
reinforecement, tha conduit shall be close to oma of the supports of the
elsb. $Encsse conduit installed beneath floor slabs in a minimum of 3
inches of concrete.}

p——

3.1.4.6 Fasten conduits to sheet mstal Soxes and cabinets with two
locknuts whers required by NFPA 70, where insulated bushings are used,
end where bushings cammot be brought into firm comtact with the box;
otherwise, use at lesst a single locknut and bushing. Lockauts shall be
the type with sharp edges for digging into the wall of matal enclosures.
Install bushings on the ends of conduits and provide insulating type
vhere required by NFPA 70.

3.1.4.7 Stub~TUps: Provide couduits stubbed up through concrete floor
for cocnection to free—-standing equipment with an adjustable top or
coupling threaded insida for plugs, set flush with the finished flcor.
Pxtand conductors to equipmant in rigid steel comduit, except that
flexibla metal conduit msy be used 6 inches above the floor. Where oo
equipmant connecticns srs made, install screwdriver—operated threaded
flush plugs in cornduit end.

3.1.4.8 Plexible counections of short length shall be provided for
recesgsed and semi-recessed lighting fixturass, equipment subject to
vibration, moisa transmission, or movezent and for all motors.
Liquid—tight flexible conduit shall be used in vet locations. A separate
ground conductor shall ba provided across flexible connections.

3.1.5 3Busway Installation: Imstall busways parallel with, or at right

angles to, ceilings, walls, and structural members. Support busways at
intervals not exceeding 5 feet and brace to prevent lateral zovement.

17
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-

‘ 3J1.6 B 2v Installacion: Install cable trays _paz ~p 8 or

| at tight angles to, +lings, walls, and s g¥E] ce=bers. Suppor} (as
ind{cated] [at not more tham~{§6] | foot intervals]. ~[Contact
surdaces of alumirum commectigne™Sgall be ccated with an antioxidan
cocpound prior to asse=bly?] All edg® firtings, and hardware shball de
inished free frpom=BGrrs and sharp edges. ayide a No. 2 AWG bare
copper viz froughout the cable tray system and Bomd to ezch sectionm,
cToEp e Ho. 1/0 alu—imm wire if cazble trzy-is alu=imis : j

— 55 Bo=eeg, Outlets, zod Supports: FProvide bozes in the wvizizg or
rzeevsy systems vhareveT riquired for puilirg of wires, mciking
conzscticns, 224 mounting of devicaes or gizrures. Bozes for mecalli
rzceveys shzll be of the cast-metzl hub type when located in morz _zlly vet

on outgide of extazriof.surizoeg; iz

lc:xt10“3'~ku_ ; e
tess=dous sT3LE, zud wnen 1=stald zposed up to 7 feet zbcve AL TLOT
£Té=rg iv2 vollmzys. Zozes in otker 10:::10:3 shall Be sheet steel,

” el o] - S vbg uc 3 ~
B & © Ecech bexshall hz?e the velizma rt:u‘*ed by the NEC for the
to=tor of ecciuaters ¢zzleced in the box. Eczes for mounting lighting
e rot less thzn & irsbes ecusrs (or cctzgozmal), except
ttr= ¢-=1lcr bzrcs moy be installed zs required by fixzture
To

configurztices, &5 approved. TFrovide bozes installed for coacezlad

o2 vith suitzble extezeicm rirgs or plzster covers, as requirsed.
zrg for use in mercarj-block or tile walls shall be squarc—<o crrered
c—*ypc or stzpdzard b oxes having squ&re—cor:cred tile~ty
vide gzekets for czst—=atal boxes instzlled in vet lc
t21lcd fluczh vith the cutside of exterior surizzes.
egs for flush or recessed firtures whenm required by the

winel operzting tecperzture; fixcures sbzll be reszdily :;:cvable for:

csccss to the bores unlece ceilisg zeccees proels are provided. SewS@T_

i
)
&’

R L e ]
m ' D=1 ..l. U
" ﬂ Lw d

T =4 2ot v 4+ for rurfigemmmmrmtpdenf Sy 1T T ey 2 Lag)

independencly of theceiling suppoind or.cakssades bt P

dis PP I v S PR S — :

= sten bczes snd supports with wood scrzwe on wood, with bolts

z=d cxpzpsiocn chields oa ccoer=te or brick, with toggle bolts cn hollow
i

“Wwg OT "-lﬁed studs on steel work.

254 driven ia Yy charge znd provided with lockwsshers
zed tucts {or aril-tyce tylem szchots] may be used in lieuw of wood scruwe,
ex=ersion shields, cr =mzchica screwe.] In open cverhead spaces, cast

. tczes threzded to racswzys nced not be sepzrately supported except wheze
used for firsuzre support; support sheet zetal boxes directly fzcm the
twilding st—ucture or by tar hangers. Where bar hacgers are used, atiach
the bar to rzcsways on oppcsite sices of the box znd supportT the raceway
with an zpproved type £23zemer not more than 26 izches frcm the box.
¥hen pencfratlng reinforced—oncrete =s=bers, avoid cutting any

reinforcing steel.

18
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3.1.7.1 Boxes for use with raceway systems shall not be less than
1-1/2 inches deep excespt where shallower boxes required by structural
conditions are approved. Boxes for other than lighting=fixture outlets
shall be not lass than 4 inches squars excapt that &4 by 2 inch boxes may
be used vhers only one raceway enters the outlet.

3.1.7.2 Pull Boxas: Construct of not less thsn the minimum siza
required by the KEC of codt—m galvanizad shaet steel —
cicept vhers cast-matzl bozes are required in loecations specified above.
Furnish boxes with screw-fastened covars. Where several feeders pass
through & common pull box, tag the feeders to indicate clctrly‘fhu
electrical characteristics, circuit mmbaer, and panel desigrmaticm.

3.1.8 Mounting Baights: Mount panelboards so the height -of the top
operating handle will not exceed 78 inches from the floor. Mount

lighting switches 43 feet, 10 inches above finished floori; recaptacles,
sod other devices [as indicated]. ;

rfe of wood memberns;
Titted. Provide sleeves\through
Install exposed cable
ral members. ProtaAct
: ed cables less thza 4 above floors

y installation ia comnduit or tubing.™wken cabld
ed in ze?l stud ccustruction, insert plastic stud grommats ™
£ each point through vhich the cable passes.

7o8ed noomatallie

3.1.10 Conductor Identification: Provide cornductor identification
wvithin ezch enclosuras vhere a tap, splice, or tsrminagtion is made. Mzke
identification with color~coded insulated conductors, plastic-cozced
self-sticking printed markers, colorsd zylon cable ties and plates, or
beat-shrink type sleeves. Identify control eircuit terminations. -

3.1.11 Splices: Mske splices in 2ccessible locations. Maka splices
in cornductors No. 10 446 snd smaller with anm insulated pressure type
cenoector. Make splices in conductors No. 8 AWG arnd larger with a

solderlass conrector and cover with am insulation material equivalent to
the conductor insulation.

1 _Snlice avolving—AteriWGR Conductors: Make with solderies
i€ =ferentis omrp Tom—t3pe, aluminum bodied coca BTs UL listed
for AL/CU. Remove all surface oxida 3/ minum conductors by wire
brushing and immediate PPLY an oxide inhibiting joi cmpound and
insert in conneceo¥. After joint is made, wipe away excess Jjoin

compaound —-;1!6. ' paulace. »

e —
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