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SECTI ON 26 20 00

I NTERI OR DI STRI BUTI ON SYSTEM
02/14

NOTE: This gui de specification covers the

requi renents for the procurenent, installation, and
testing of electrical wiring systens for
construction projects.

Tel econmuni cations cabling is covered in Section

27 10 00, BUI LDI NG TELECOVMUNI CATI ONS CABLI NG
SYSTEM These wiring systens primarily involve

vol tages of 1,000 volts and |ess and mainly involve
interior systens. Wen voltages greater than 1,000
volts are brought into a facility, consult and use
Section 26 11 16 SECONDARY UNI T SUBSTATI ONS; Section
26 12 21 Sl NGLE- PHASE PAD- MOUNTED TRANSFORMERS; and
Section 33 71 01, OVERHEAD TRANSM SSI ON AND

DI STRIBUTION. Al so consult Section 33 71 02,
UNDERGROUND ELECTRI CAL DI STRI BUTI ON and Secti on

26 11 14.00 10 MAIN ELECTRI C SUPPLY STATI ON AND
SUBSTATI ON. Requirenents for materials and
procedures for special or unusual design should be
added as necessary to fit specific projects.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).
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NOTE: Show the followi ng information on the project
drawings:

1. Location of equipnent

2. Single-line diagrans elevations, limting
di mensi ons, and equi pnent ratings which are not
covered in the specifications

3. Renote indicating or control requirements.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1 GENERAL

1.1 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by the
basi ¢ designation only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

ANSI Cl12.1 (2008) Electric Meters Code for
El ectricity Metering

ASTM | NTERNATI ONAL ( ASTM

ASTM Bl (2013) Standard Specification for
Har d- Dr awn Copper Wre

ASTM B8 (2011; R 2017) Standard Specification for
Concentric-Lay- Stranded Copper Conductors,
Hard, Medium Hard, or Soft

ASTM D709 (2017) Standard Specification for
Lam nat ed Thernosetting Materials

SECTI ON 26 20 00 Page 7



| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS ( | EEE)

| EEE 100 (2000; Archived) The Authoritative
Di ctionary of |EEE Standards Terns

| EEE 81 (2012) Quide for Measuring Earth
Resistivity, G ound | npedance, and Earth
Surface Potentials of a Ground System

| EEE C2 (2017; Errata 1-2 2017; INT 1 2017)
National Electrical Safety Code

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)
NETA ATS (2017; Errata 2017) Standard for
Accept ance Testing Specifications for
El ectrical Power Equi pnent and Systens

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI Cl12.7 (2014) Requirenents for Watthour Meter
Sockets
ANSI C80.1 (2005) Anmerican National Standard for

El ectrical Rigid Steel Conduit (ERSC)

ANSI C80. 3 (2015) Anmerican National Standard for
El ectrical Metallic Tubing (EM)

ANSI CB80.5 (2015) Anmerican National Standard for
El ectrical Rigid A um num Conduit

NEMA 250 (2014) Enclosures for Electrical Equiprent
(1000 Volts Maxi num

NEVA BU 1.1 (2010) Ceneral Instructions for Proper
Handl i ng, Installation, Operation and
Mai nt enance of Busway Rated 600 V or Less

NEMA FU 1 (2012) Low Voltage Cartridge Fuses

NEMA I CS 1 (2000; R 2015) Standard for Industrial
Control and Systens: General Requirenents

NEMA | CS 2 (2000; R 2005; Errata 2008) Industrial
Control and Systens Controllers,
Contactors, and Overl oad Rel ays Rated 600 V

NEMA | CS 3 (2005; R 2010) Medium Voltage Controllers
Rated 2001 to 7200 V AC

NEMA | CS 4 (2015) Application Cuideline for Terninal
Blocks

NEMA | CS 6 (1993; R 2016) Industrial Control and

Systens: Encl osures

NEMA KS 1 (2013) Encl osed and M scel | aneous
Di stribution Equi pnent Switches (600 V

SECTI ON 26 20 00 Page 8



NEMA

NEMVA

NEMA

NEMVA

NEMVA

NEMA

NEMVA

NEMVA

NEMVA

NEMA

NENVA

NEMVA

NENVA

NFPA

NFPA

NFPA

Maximum)

o

(2016; SUPP 2016) Mdtors and Generators

o

10 (2017) Energy Managenent Quide for
Sel ection and Use of Fixed Frequency
Medi um AC Squirrel - Cage Pol yphase
I nducti on Mtors

MG 11 (1977, R 2012) Energy Managenent Guide for
Sel ection and Use of Single Phase Mtors

RN 1 (2005; R 2013) Pol yvinyl-Chloride (PVQ
External |y Coated Gal vani zed Rigid Steel
Conduit and Internedi ate Metal Conduit

ST 20 (1992; R 1997) Standard for Dry-Type
Transformers for General Applications

TC 14 (2002) Standard for Reinforced
Thernmosetting Resin Conduit (RTRC) and
Fittings

TC 2 (2013) Standard for Electrical Polyvinyl
Chl oride (PVC) Conduit

TC 3 (2016) Polyvinyl Chloride (PVC) Fittings
for Use Wth Rigid PVC Conduit and Tubi ng

TP 1 (2002) Quide for Determ ning Energy
Efficiency for Distribution Transforners

VE 1 (2017) Metal Cable Tray Systens

W 1 (1999; R 2015) Standard for General Col or
Requirements for Wring Devices

WD 6 (2016) Wring Devices Di nensions
Specifications

Z535. 4 (2011; R 2017) Anerican National Standard
for Product Safety Signs and Label s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14) National Electrical Code

70E (2018; TIA 18-1; TIA 81-2) Standard for
El ectrical Safety in the Wrkpl ace

780 (2017) Standard for the Installation of
Li ghtni ng Protection Systens

SECTION 26 20 00 Page 9



TELECOVMUNI CATI ONS | NDUSTRY ASSOCI ATI ON (Tl A)

TIA-568-C.1 (2009; Add 2 2011; Add 1 2012) Conmerci al
Bui | di ng Tel econmuni cati ons Cabling
Standard

TIA-569 (2015d) Conmercial Building Standard for

Tel econmuni cati ons Pat hways and Spaces

TIA-607 (2011b) Generic Tel ecomuni cati ons Bondi ng

29

UL

uL

UL

UL

uL

UL

uL

UL

uL

UL

uL

UL

uL

and Grounding (Earthing) for Custoner
Premises

U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

CFR 1910. 147 The Control of Hazardous Energy (Lock

Qut/ Tag CQut)
UNDERWRI TERS LABORATORI ES (UL)

1 (2005; Reprint Aug 2017) UL Standard for
Safety Flexible Metal Conduit

1063 (2017) UL Standard for Safety Machi ne-Tool
Wres and Cabl es

1203 (2013; Reprint Apr 2018) UL Standard for
Saf ety Expl osi on- Proof and
Dust -1 gnition-Proof Electrical Equiprent
for Use in Hazardous (Cl assified) Locations

1242 (2006; Reprint Mar 2014) Standard for
El ectrical Internediate Metal Conduit --
Steel

1283 (2017) UL Standard for Safety
El ectromagnetic Interference Filters

1449 (2014; Reprint Jul 2017) UL Standard for
Saf ety Surge Protective Devices

1561 (2011; Reprint Jun 2015) Dry-Type General
Pur pose and Power Transforners

1569 (2018) UL Standard for Safety Metal -C ad
Cables

1660 (2014) Liquid-Tight Flexible Nonnetallic
Conduit

1699 (2017) UL Standard for Safety Arc-Fault
Circuit-Interrupters

198M (2018) UL Standard for M ne-Duty Fuses

20 (2010; Reprint Feb 2012) Ceneral -Use Snap
Switches

2043 (2013) Fire Test for Heat and Visible
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uL

UL

uL

UL

uL

uL

UL

uL

UL

uL

UL

uL

UL

uL

UL

UL

uL

UL

360

4248-1

4248-12

44

467

486A- 486B

486C

489

498

50

506

508

510

514A

514B

514C

Snmoke Rel ease for Discrete Products and
Their Accessories Installed in
Ai r-Handl i ng Spaces

(2013; Reprint May 2018) UL Standard for
Safety Liquid-Tight Flexible Metal Conduit

(2004; Reprint Feb 2018) Standard for
Arnored Cabl e

(2017) UL Standard for Safety Fusehol ders
- Part 1. General Requirenents

(2018) UL Standard for Safety Fusehol ders
- Part 12: dass R

(2018) Thernoset-Insul ated Wres and Cabl es

(2013; Reprint Jun 2017) UL Standard for
Saf ety G oundi ng and Bondi ng Equi pnent

(2018) UL Standard for Wre Connectors
(2018) Splicing Wre Connectors

(2016) UL Standard for Safety Ml ded-Case
Circuit Breakers, Ml ded-Case Sw tches and
Circuit-Breaker Encl osures

(2017; Reprint Nov 2017) UL Standard for
Safety Attachnent Plugs and Receptacl es

(2016) UL Standard for Safety Surface
Metal Raceways and Fittings

(2015) UL Standard for Safety Encl osures
for Electrical Equipnent,
Non- Envi ronnent al Consi derati ons

(2017) UL Standard for Safety Specialty
Transformers

(2018) UL Standard for Industrial Control
Equipment

(2017) UL Standard for Safety Pol yvinyl
Chl ori de, Pol yet hyl ene and Rubber
I nsul ati ng Tape

(2013; Reprint Aug 2017) UL Standard for
Safety Metallic Qutlet Boxes

(2012; Reprint Nov 2014) Conduit, Tubing
and Cable Fittings

(2014; Reprint Dec 2014) Nonnetallic
Cutl et Boxes, Flush-Device Boxes, and
Covers

SECTION 26 20 00 Page 11



UL 5A (2015) Nonnetal |l ic Surface Raceways and
Fittings

UL 6 (2007; Reprint Nov 2014) Electrical Rigid
Met al Condui t - St eel

UL 651 (2011; Reprint Jun 2016) UL Standard for
Saf ety Schedul e 40 and 80 Rigid PVC
Conduit and Fittings

UL 67 (2018) UL Standard for Safety Panel boards

UL 674 (2011; Reprint May 2017) UL Standard for
Safety Electric Mdtors and Generators for
Use in Hazardous (Cl assified) Locations

UL 6A (2008; Reprint Nov 2014) Electrical Rigid
Metal Conduit - Alum num Red Brass, and
St ai nl ess St eel

UL 719 (2015; Reprint Mar 2018)
Nonnet al | i c- Sheat hed Cabl es

uL 797 (2007; Reprint Mar 2017) UL Standard for
Safety Electrical Metallic Tubing -- Steel

UL 817 (2015; Reprint May 2017) UL Standard for
Safety Cord Sets and Power- Supply Cords

UL 83 (2017) UL Standard for Safety
Ther nopl astic-1nsulated Wres and Cabl es

UL 845 (2005; Reprint Jul 2011) Motor Control
Centers

UL 854 (2004; Reprint Nov 2014) Standard for
Servi ce- Entrance Cabl es

UL 857 (2009; Reprint Aug 2016) UL Standard for
Saf ety Busways

UL 869A (2006) Reference Standard for Service
Equipment

UL 870 (2016) UL Standard for Safety Wreways,

Auxiliary Gutters, and Associated Fittings

UL 943 (2016; Reprint Feb 2018) UL Standard for
Safety Ground-Fault Circuit-Interrupters

UL 984 (1996; Reprint Sep 2005) Hernetic
Refri gerant Mot or- Conpressors

.2  DEFINITIONS
Unl ess otherwi se specified or indicated, electrical and electronics terms

used in these specifications, and on the drawi ngs, are as defined in
| EEE 100.
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1.

3 SUBMITTALS
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NOTE: Review Subnmittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G'. Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a “G’ to an item if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
subnmittal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arnmy projects.

*% *% *% *% *% *% *% *% *%%

Government approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are[ for Contractor Quality Control
approval ][ for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Governnment]. Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the followi ng in accordance with Section 01 33 00.

SD- 02 Shop Drawi ngs

Panel boards; CG[, [___ 1]
Transformers; G, [ 1]
Busway; C[, [ 1]
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Cable trays; ¢, [ 11
Mot or control centers; C[, [___ 1]

Include wiring diagrans and installation details of equipnrent

i ndi cating proposed | ocation, |ayout and arrangenent, control
panel s, accessories, piping, ductwork, and other itens that nust
be shown to ensure a coordinated installation. Identify circuit
termnals on wiring diagrams and indicate the internal wiring for
each item of equi prent and the interconnecti on between each item

of equipnent. Indicate on the draw ngs adequate cl earance for
operation, maintenance, and repl acenent of operating equi prent
devices.

Wreways; C[, [ 11

[ Load centers for housing units; C[, | 111

Marking strips drawi ngs; C[, [ 1]

SD- 03 Product Data

Receptacles; G, [ 1]

Circuit breakers; ¢, [___ 1]

Switches;, ¢, [___ 1]

Transforners; C[, [___ 1]

Encl osed circuit breakers; ¢, [ 1]

Motor controllers; C[, [___ 1]

[ Conbi nation motor controllers; G, [ 1]]
[Load centers for housing units; G, [ 1]]
Manual notor starters; C[, [___ 1]
[Residential load centers; ¢, [ 111
[Metering; G, [___ 111

[Meter base only; ¢, [ 111

CATV outlets; ¢, [ 1]

Tel econmuni cati ons Grounding Busbar; G, [ 1]
Surge protective devices; C, [___ 1]

I ncl ude performance and characteristic curves.
SD-06 Test Reports
600-volt wiring test; C[, | 11

Gounding systemtest; ¢, [ ]]
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Transformer tests; ¢, [___ 1]
Ground-fault receptacle test; ¢, [ 1]
SD-07 Certificates
Fuses; C[, [___ 1]
SD- 09 Manufacturer's Field Reports
Transformer factory tests

SD- 10 Operation and Mii ntenance Data

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Coordinate with options under paragraphs
entitled "Miintenance" and "Metering."

*% *% *% *% *% *% *% *% *% *% *% *% *%%

El ectrical Systens, Data Package 5; ¢, [___ 1]
[Metering, Data Package 5; C[, [___ 11]

Submit operation and nmi ntenance data in accordance with Section
01 78 23, OPERATI ON AND MAI NTENANCE DATA and as specified herein.

11.4 QUALI TY ASSURANCE

1.4.1 Fuses

Submit coordination data as specified in paragraph, FUSES of this section
. 4.2 Regul at ory Requirenents

In each of the publications referred to herein, consider the advisory
provi sions to be mandatory, as though the word, "shall" or "nust" had been
substituted for "shoul d" wherever it appears. Interpret references in
these publications to the "authority having jurisdiction," or words of
simlar meaning, to nmean the Contracting O ficer. Provide equipnent,
materials, installation, and worknmanship in accordance with the nmandatory
and advi sory provisions of NFPA 70 unless nore stringent requirenents are
specified or indicated.

. 4.3 St andard Products

Provide materials and equi pnent that are products of manufacturers

regul arly engaged in the production of such products which are of equa

mat eri al, design and wor kmanshi p and:

a. Have been in satisfactory commercial or industrial use for 2 years
prior to bid opening including applications of equipnent and materials
under similar circunstances and of simlar size.

b. Have been on sale on the conmercial narket through advertisenents,
manuf acturers' catal ogs, or brochures during the 2-year period.

c. \Were two or nore itens of the same class of equi pnent are required
provi de products of a single manufacturer; however, the conponent parts
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of the item need not be the products of the sane nmanufacturer unless
stated in this section.

1.4.3.1 Alternative Qualifications
Products having |l ess than a 2-year field service record will be acceptable
if acertified record of satisfactory field operation for not |ess than
6000 hours, exclusive of the manufacturers' factory or |aboratory tests, is
furnished.

1.4.3.2 Mat eri al and Equi pnent Manufacturing Date

Products nmanufactured nore than 3 years prior to date of delivery to site
are not acceptable.

1.5 MAINTENANCE

NOTE: Select the option belowonly if the systemis
consi dered conmplex and there will be a need for
detail ed systeminformation

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

[1.5.1 El ectrical Systens

Submit operation and maintenance nmanual s for electrical systens that
provi de basic data relating to the design, operation, and mai ntenance of
the electrical distribution systemfor the building. Include the follow ng:

a. Single line diagramof the "as-built" building electrical system

b. Schematic diagram of electrical control system (other than HVAC,
covered el sewhere).

c. Manufacturers' operating and nai ntenance manual s on active electrica
equipment.

]11.6 WARRANTY

Provi de equi pnent itens supported by service organizations that are
reasonably convenient to the equipnent installation in order to render
satisfactory service to the equi pnrent on a regular and energency basis
during the warranty period of the contract.

[1.7 SEI SM C REQUI REMENTS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Do not use this paragraph for Navy projects.
When directed to neet Seism c Requirenents, 13 48 00
[ SEIl SM C] BRACI NG FOR M SCELLANEOUS EQUI PMENT and
Section 26 05 48.00 10 SElI SM C PROTECTI ON FOR
ELECTRI CAL EQUI PMENT nust be edited to suit the
project and be included in the contract docunents.
Edit the follow ng paragraph and include it in the
proj ect specification. Wen a Governnent designer
is the Engi neer of Record, provide seisnmc

requi renents on the draw ngs.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk
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Provi de seismic details[ conform ng to[ Section 13 48 00 [ SEI SM C] BRACI NG
FOR M SCELLANEQUS EQUI PMENT][ and to][ Section 26 05 48.00 10 SEISMC
PROTECTI ON FOR ELECTRI CAL EQUI PMENT] ][ as indicated].

] PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PVENT

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkik

NOTE: Choose the |ast bracketed sentence for Arny
projects.

*% *% *% *% *% *% *% *% *% *%

*% *% *%%

As a mninum neet requirements of UL, where UL standards are established

for those itens, and requirements of NFPA 70 for all materials, equipnent,
and devi ces.

2.2 CONDUI T AND FI TTI NGS

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkhkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Do not use Electrical Nonnetallic Tubing
(ENT. Refer to UFC 3-520-01, "Interior Electrical
Systens" for additional information.

Use mal |l eable iron seal electrical fittings in fuel
valve pits and sinilar |ocations where fittings are
exposed to potential freeze thaw environments.
Nonnetallic fittings have failed in these
environments.

*% *% *% *% *% *% *% *% *% *%

Conformto the follow ng:
2.2.1 Rigid Metallic Conduit

2.2.1.1 Ri gid, Threaded Zi nc- Coated Steel Conduit
ANSI C80.1, UL 6.

2.2.1.2 Ri gid Al umi num Conduit
ANSI C80.5, UL 6A.

2.2.2 Rigid Nonnetal lic Conduit

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkk

NOTE: Do not use fiberglass in buildings. Wth
advanced approval, for acceptable reasons, it nay be
used for service entrance or bel ow grade use.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhhkkkkkk

*kkkkkkkkkkkkkkkkkkk

PVC Type EPC-40[, and EPC-80] in accordance with NEMA TC 2, UL 651[, or
fiberglass conduit, in accordance with NEMA TC 14].

2.2.3 Internediate Metal Conduit (1M

UL 1242, zinc-coated steel only.
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2.2. 4 El ectrical, Zinc-Coated Steel Metallic Tubing (EM)
UL 797, ANSI C80. 3.
2.2.5 Pl astic-Coated Rigid Steel and | MC Condui t
NEMA RN 1, Type 40( 1 mm 40 mils thick).
2.2.6 FIl exi bl e Metal Conduit
UL 1.
2.2.6.1 Li qui d-Tight Flexible Metal Conduit, Stee
UL 360.
2.2.7 Fittings for Metal Conduit, EMI, and Flexi ble Metal Conduit

UL 514B. Ferrous fittings: cadmum or zinc-coated in accordance with
UL 514B.

2.2.7.1 Fittings for Rigid Metal Conduit and I M
Thr eaded-type. Split couplings unacceptable.

2.2.7.2 Fittings for EMI

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Mbisture absorbed within die-cast fittings
may cause themto deteriorate nmore rapidly than
steel fittings. Uilize steel fitttings in danp or
wet | ocations, or when requested by Activity on
Inatall ati ons and Bases that have hi gh anbi ent

humi dity environments.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Die Cast][ Steel]conpression type.

2.2.8 Fittings for Rigid Nonnmetallic Conduit

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Do not use fiberglass in buildings. Wth
advanced approval, for acceptable reasons, it nay be
used for service entrance or bel ow grade use.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NEMA TC 3 for PVC] and NEMA TC 14 for fiberglass], and UL 514B.

2.2.9 Li qui d-Ti ght Fl exi bl e Nonnetal |lic Conduit

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Do not use liquid-tight flexible nonmetallic
conduits in Continental United States (CONUS). In
overseas | ocations, only use when specifically

al l owed by the Authority Having Jurisdiction
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UL 1660.
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2.

2.

3 SURFACE RACEVWAY

3.1 Surface Metal Raceway

UL 5, two-piece painted steel, totally enclosed, snap-cover type.[ Provide

multiple outlet-type raceway with groundi ng-type receptacle where
indicated. Provide receptacles as specified herein, spaced a ni ni mum of
one every [455] [__ ] nmm[18] [__ ] inches.][ Wre alternate
receptacles on different circuits.]

. 3.2 Surface Nonnetal | i c Raceway

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Designer should coordinate with the Authority
Havi ng Juri sdiction responsible for the construction
contract regarding the use of this wiring nmethod in
t he project.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL 5A, nonnetallic totally enclosed, snap-cover type.[ Provide multiple
outlet-type raceway wth groundi ng-type receptacl e where indicated.
PProvi de receptacl es as specified herein, spaced a m ni mum of one every
[455] [__ ] nm([18] [__ ] inches.][ Wre alternate receptacl es on
different circuits.]

.4 BUSWAY

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: | ndicate phase sequence of voltages,
orientation, etc., on the draw ngs for existing
transfornmers, sw tchboards, sw tchgear, notor
control centers, etc

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NEMA BU 1.1, UL 857. Provide the foll ow ng:

a. Buses: [ copper][ or][ alum nun.

b. Busways: rated | ] volts, | ] continuous current anperes,
t hree-phase,[ three-][ four-]Jwire, and include integral or internal]
50- percent] ground bus.

c. Short circuit rating: [ | ] root mean square (rns) synmetrica
anperes mininmum [ as indicated].

d. Busway systens: suitable for use indoors.
e. Enclosures: [ steel][ alumnum [ netallic].
f. Hardware: plated or otherwi se protected to resist corrosion

g. Joints: one-bolt type with through-bolts, which can be checked for
ti ght ness w thout deenergizing system

h. Maxi mum hot spot tenperature rise at any point in busway at continuous

rated | oad: do not exceed 55 degrees C above maxi mum anbi ent
tenperature of 40 degrees Cin any position

i. Internal barriers to prevent novenent of superheated gases.
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j. Coordinate proper voltage phasing of entire bus duct system for
exanpl e where busway interfaces with transfornmers, sw tchgear
swi t chboards, notor control centers, and other system conponents.

2.4.1 Feeder Busways
Provide[ ventilated, except that vertical busways within 1830 mm 6 feet of
floors nmust be unventilated,][ unventilated, totally encl osed]
| owi npedance busway. Provide bus bars fully covered with insulating
materi al, except at stabs. Provide an entirely polarized busway system
2.4.2 Pl ug- I n Busways
Unventilated type. Provide the foll ow ng:
a. Plug-in units: [ fusible, handle-operated, switch type,
horsepower-rated][ circuit breaker-type][ handl e-operated, switch type,
equi pped with high interrupting-capacity, current-limting fuses].

b. Bus bars: covered with insulating naterial throughout, except at
joints and ot her connection points.

[ c. A hook stick of suitable Iength for operating plug-in units fromthe
floor.

12.5 CABLE TRAYS

NOTE: Show cable tray |ayout on the drawi ngs. Wen
using nmultiple types and sizes, indicate size and
type of cable trays on the drawi ngs. Wen using "as
i ndi cated" option, insure information required is
shown on the draw ngs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NEMA VE 1. Provide the foll ow ng:

a. Cable trays: forma wireway system with a nominal[ [75] [100] [150] nm
[3] [4] [6] inch] depth[ as indicated].

b. Cable trays: constructed of[ alum num[ copper-free alum nunj[ stee
that has been zinc-coated after fabrication].

c. Cable trays: include splice and end plates, dropouts, and
nm scel | aneous har dwar e.

d. Edges, fittings, and hardware: finished free fromburrs and sharp
edges.

e. Fittings: ensure not |less than |oad-carrying ability of straight tray
sections and have manufacturer's m ni num standard radi us.

[ f. Radius of bends: [305] [610] [915] mm [12] [24] [36] inches.][ Radius
of bends: as indicated.

1]2.5.1 Basket - Type Cable Trays

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: Basket cable tray is a fabricated structure
consisting of wire mesh bottom and side rails.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Provide[ size as indicated][ of nominal[ 50,][ 100,][ 150,][ 200,][ 300,][
450,]1[ and][ 600] mmi 2,1 4,1[ 6,1[ 8, 1[ 212,]1[ 18,][ and][ 24] inch width
and [ 25,][ 50,][ and][ 100] nmmi 1,][ 2,][ and][ 4] inch depth] with
maxi mum wi re nesh spacing of 50 by 100 nm 2 by 4 inch.

2.5.2 Trough-Type Cable Trays

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Trough or ventilated cable tray is a
fabricated structure consisting of integral or
separate longitudinal rails and a bottom havi ng
openi ngs sufficient for the passage of air and
utilizing 75 percent or less of the plan area of the
surface to support cabl es.

*% *% *% *% *% *% *%

*% *% *% *% *% *%%

Provide[ size as indicated][ of nominal [150] [305] [455] [610] [760] [915]
mm [6] [12] [18] [24] [30] [36] inch width].

2.5.3 Ladder - Type Cabl e Trays

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NOTE: Ladder cable tray is a fabricated structure
consi sting of two |ongitudinal side rails connected
by individual transverse nenbers (rungs).

*% *% *% *% *% *% *% *%

*% *% *% *% *%%

Provide[ size as indicated][ of nominal [150] [305] [455] [610] [760] [915]
mm [6] [12] [18] [24] [30] [36] inch width] with maxi nrum rung spaci ng of
[150] [225] [305] [455] nm[6] [9] [12] [18] inches.

2.5. 4 Channel - Type Cable Trays

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: Channel cable tray is a fabricated structure
consi sting of a one-piece ventil ated-bottom or

sol i d-bottom channel section, not exceeding 152 mm 6
i nches in wdth.

*% *% *% *% *% *% *% *%

*% *% *% *% *%%

Provide [ size as indicated][ of nominal [75] [100] [150] mm [3] [4] [6]

inch width]. Provide trays with one-piece construction having slots spaced
not nore than 115 mm4 1/2 inches on centers.

2.5.5 Solid Bottom Type Cabl e Trays

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Solid bottomor non-ventilated cable tray is
a fabricated structure consisting of a bottom

wi t hout ventilation openings within integral or
separate |ongitudinal side rails.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Provide[ size as indicated][ of nominal [150] [305] [455] [610] [760] [915]
mm [6][12][18][24][30][36] inch width]. [Provide solid covers.][Do not
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provi de solid covers.]
2.5.6 [ Cantilever

Cantil ever-type, center-hung cable trays nay be provided at the
Contractor's option in lieu of other cable tray types specified.

1[2.6 OPEN TELECOVMUNI CATI ONS CABLE SUPPORT
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NOTE: Utilze open tel ecommunications cable supports
( J-Hooks / J-Supports / D-rings) only as
specifically permtted in UFC 3-580-01

Tel econmuni cati ons, Buil ding Cabling System

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

2.6.1 Open Top Cabl e Supports

Provi de open top cable supports in accordance with UL 2043. Provide [
gal vani zed] [ zinc-coated][ stainless] steel]open top cable supports[ as
indicated].

2.6.2 Cl osed Ring Cable Supports

Provide closed ring cable supports in accordance with UL 2043. Provide []
gal vani zed] [ zinc-coated][ stainless] steel]closed ring cable supports[ as
indicated].

12.7 QUTLET BOXES AND COVERS

UL 514A, cadmium or zinc-coated, if ferrous netal. UL 514C, if
nonmetallic.

2.7.1 Fl oor Qutl et Boxes
Provi de the foll ow ng:
a. Boxes: [ adjustable][ nonadjustable] and concrete tight.

b. Each outlet: consisting of[ nonnetallic][ or][ cast-nmetal] body with
t hreaded openings,[ or sheet-steel body with knockouts] for conduits,|
adjustable ][, ][ brass flange] ring, and cover plate with
[19][25][31.75][53.92] mm [3/4][1][1 1/4][2 1/8] inch threaded plug.

c. Telecommunications outlets: consisting of[ surface-nounted,
hori zontal ][ flush], alum num or stainless steel housing with a
receptacle as specified and[ 25 mm 1 inch bushed side opening][ 19 nmm
3/4 inch top opening].

d. Receptacle outlets: consisting of[ surface-munted, horizontal]]
flush] al umi num or stainless steel housing with dupl ex-type receptacle
as specified herein.

e. Provide gaskets where necessary to ensure watertight installation

[ f. Provide plugs with installation instructions to the Contracting O ficer

for [5] [ ] percent of outlet boxes for the capping of outlets upon
removal of service fittings.
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12.7.2 Qutl et Boxes for Tel ecomruni cati ons System

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkhkkkrkkkx

NOTE: Whien using "as indicated" option, ensure
information required is shown on the draw ngs.
Choose 100 mm 4 inch square boxes for single gang,
four outlet, copper telecomunications
configurations that do not have provision for fiber
optic cabling. Choose 120 mm 4 11/16 inch square
boxes for 35 nrm 1 1/4 inch conduit installations and
for outlet boxes that have or nmay require fiber
optic cabling. Larger boxes are required to neet
bend radii requirenents for fiber optic cable.

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkkkkrkkkx

Provi de the foll ow ng:

a.

e

102.7.

Standard type[ 100 mm square by 54 nmm deep][ 120 nm square by 54 mm
deep][ 4 inches square by 2 1/8 inches deep][ 4 11/16 inches square hy
2 1/8 inches deep].

Qutl et boxes for wall-nounted tel econmuni cations outlets: 100 by 54 by
54 mMm 4 by 2 1/8 by 2 1/8 inches deep.

Dept h of boxes: |large enough to all ow manufacturers' reconmended
conductor bend radii.

Qutl et boxes for fiber optic telecommunication outlets: include a
m nimum 10 nm 3/8 inch deep single or two gang plaster ring as shown
and installed using a mninmum 27 nm 1 inch conduit system

Qutl et boxes for handi capped tel ecomruni cations station: 100 by 54 by
54 m 4 by 2 1/8 by 2 1/8 inches deep.

3 Clock Qutlet for Use in Oher Than Wred Cl ock System

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Battery-operated cl ocks are Navy standard.
Retain this paragraph only under special conditions.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkkkkhkhhkkkkkkk

Provi de the foll ow ng:

a.

12.8

Qutlet box with plastic cover, where required, and single receptacle
with clock outlet plate.

Receptacle: recessed sufficiently within box to all ow conplete
insertion of standard cap, flush with plate.

Suitable clip or support for hanging clock: secured to top plate.

Material and finish of plate: as specified in paragraph DEVI CE PLATES
of this section.

CABI NETS, JUNCTI ON BOXES, AND PULL BOXES

Vol ume greater than 1640 nlL 100 cubic inches, UL 50, hot-dip, zinc-coated,
if sheet steel
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2.

Il

9 W RES AND CABLES

Provide wires and cables in accordance applicable requirenents of NFPA 70
and UL for type of insulation, jacket, and conductor specified or
indicated. Do not use wires and cabl es manufactured nore than 12 nonths
prior to date of delivery to site.

.9.1 Conductors
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NOTE: UFC 3-520-01 all ows the use of al um num
conductors of equival ent anpacity instead of copper
for #4 AWG and | arger sizes. |If only copper is
desired for these applications, select the bracketed
option below The second bracketed option follows

t he UFC gui dance.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: |In overseas locations, for conductors No. 10
AWG and snal |l er dianeter, consideration nmay be given
to the use of stranded wires, if suitable term na
devi ces can be applied which enabl e proper
connection. Also, stranded wires in sizes No. 10
AWG and snal |l er dianeter nmay be required for
projects involving uninterrupted power supply (UPS)
installations.
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Provi de the foll ow ng:

a. Conductor sizes and capacities shown are based on copper, unless
i ndi cated ot herw se.

b. Conductors No. 8 AWG and | arger dianeter: stranded.
c. Conductors No. 10 AWG and snal l er dianmeter: solid.

d. Conductors for renote control, alarm and signal circuits, classes 1
2, and 3: stranded unless specifically indicated otherw se.

e. Al conductors: copper.][ Conductors indicated to be No. 6 AWG or
smal | er diameter: copper. Conductors indicated to be No. 4 AWG and
| arger dianeter: either copper or alum num unless type of conductor
material is specifically indicated, or specified, or required by
equi prent manuf acturer.

2.9.1.1 Equi prent Manuf acturer Requirenents

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

NOTE: Use this paragraph only if al umi num
conductors are all owned.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

When manufacturer's equi pment requires copper conductors at the

term nations or requires copper conductors to be provided between
component s of equi pnent, provide copper conductors or splices, splice
boxes, and other work required to satisfy manufacturer's requirenents.
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12.9.1.2 Al um num Conduct ors
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NOTE: In certain instances it may be necessary to
requi re conpact stranding, i.e., when outside

di anmeter of cable nust be linted. Wen necessary,
specify the followi ng: "Provide conductors with
conpact stranded utilizing nethod of stranding
specified in ASTM B400/ B4A0OM however, provide
conductor naterial as specified herein."”

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de al um num conductors of AA-8000 series electrical grade al um num
all oy conductors. Type EC/ 1350 al uminumis not acceptable. [If Contractor
choosees to provide alunminumfor conductors No. 4 AWG and | arger dianeter,
Contractor is responsible for increasing conductor size to have sane
anpacity as copper size indicated; increasing conduit and pull box sizes to
acconmodat e | arger size al um num conductors in accordance with NFPA 70;
ensuring that pulling tension rating of alum numconductor is sufficient;
provi di ng panel boards[ and notor control centers] that are UL listed for
use with alunminum and so | abel ed; relocating equi pnent, nodifying
equi prent termninations, resizing equi pnent; and resolving problens that are
direct results of providing alum num conductors in |ieu of copper.

2.9.1.3 M ni nrum Conduct or Si zes
Provi de m ni num conductor size in accordance with the foll ow ng:
a. Branch circuits: No. 12 AWG
b. Cass 1 renpte-control and signal circuits: No. 14 AWG
c. Cass 2 lowenergy, rempte-control and signal circuits: No. 16 AWG

d. Cdass 3 |lowenergy, renpte-control, alarmand signal circuits: No. 22
AWG.

2.9.2 Col or Codi ng

Provi de col or coding for service, feeder, branch, control, and signaling
circuit conductors.

2.9.2.1 Ground and Neutral Conductors
Provi de col or coding of ground and neutral conductors as foll ows:
a. Gounding conductors: G een.
b. Neutral conductors: Wite.
c. Exception, where neutrals of nore than one systemare installed in sanme
raceway or box, other neutrals color coding: white with a different
colored (not green) stripe for each.

2.9.2.2 Ungr ounded Conductors

Provi de col or codi ng of ungrounded conductors in different voltage systens
as foll ows:
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a. 208/120 volt,

(1) Phase A - black
(2) Phase B - red
(3) Phase C - blue
b. 480/277 volt, three-phase
(1) Phase A - brown
(2) Phase B - orange
(3) Phase C - yellow

c. 120/240 volt,

t hr ee- phase

si ngl e phase:

Bl ack and red

[ d. On three-phase, four-wire delta system high |eg: as required
by NFPA 70.
1]2.9.3 Insulation
NOTE: Be sure conduit fill calcul ations are based

on | argest dianeter

i nsul ation type all owed.

Desi gner may sel ect ot her

i nsul ation types which nay

be nore suitable for a particular project. For
rewiring project where existing conduit is to be
utilized, specify types THHN and THWN. Use THWN
val ues (75 degrees C) for capacities of THAN THHN.

*k%
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Unl ess specified or indicated otherwi se or required by NFPA 70, provide
power and lighting wires rated for 600-volts,[ Type THWW THHN confornming to
UL 83][ or][ Type[ XHHW[ or][ RHW confornming to UL 44], except that
grounding wire may be type TWconfornmng to UL 83; renote-control and
signal circuits: Type TWor TF, confornming to UL 83. Were lighting
fixtures require 90-degree Centigrade (C) conductors, provide only
conductors with 90-degree C insulation or better.

2.9.4 Bondi ng Conductors
ASTM B1, solid bare copper wire for sizes No. 8 AWG and srmal |l er di aneter;
ASTM B8, Class B, stranded bare copper wire for sizes No. 6 AWG and | arger
diameter.

2.9.4.1 Tel econmuni cati ons Bondi ng Backbone (TBB)

*kkkkkhkkk *k% *kkkkkkkkkkkkk

NOTE: A Tel econmuni cati on Bondi ng Backbone (TBB)
requi red between the tel ecommunications main
groundi ng busbar (TM3EB) and all tel ecommunications
groundi ng busbars (TGBs). A TBB is not required for
installation with only a single TGB or

TMGB.

*kkk kkkkkkkkkkkkkkkkkkkkkkhkhkhkk

is
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Sizing of the TBB
TBB I ength linear m ft TBB Si ze (AWG
| ess than 4 13 6
4 - 6 14 - 20 4
6 - 821 - 26 3
8 - 10 (27 - 33) 2
10 - 13 34 - 41 1
13 - 16 (42 - 52) 1/0
16 - 20 53 - 66 2/0
greater than 20 66 3/0

Choose t he second bracketed options where |ightning
protection systemis provided in the job and
specified in other sections.

Choose insul ated TBB when pathway is a dissinmlar
net al than copper.

*% *% *% *% *% *% *% *% *% *% *% *%

Provi de a copper conductor TBB in accordance with TIA-607 with No. 6 AWG
m ni mum si ze, and sized at 2 kcnil per linear foot of conductor length up
to a maxi numsize of 3/0 AWG [ Provide insulated TBB with insulation as
specified in the paragraph | NSULATION and neeting the fire ratings of its
pathway.]
2.9.4.2 Bondi ng Conductor for Tel econmuni cations
Provi de a copper conductor Bondi ng Conductor for Tel econmuni cations between
the tel ecomuni cations mai n groundi ng busbar (TM3B) and the el ectrical
service ground in accordance with TIA-607 . Size the bondi ng conductor for
tel econmuni cati ons the same as the TBB.
[2.9.5 Service Entrance Cabl es
Service Entrance (SE) and Underground Service Entrance (USE) Cabl es, UL 854.
I 2.9.6 Nonnet al | i ¢ Sheat hed Cabl e
UL 719, Type NM or NMC
I 2.9.7 Wre and Cable for 400 Hertz (Hz) Circuits
I nsul at ed copper conductors.

I 29.8 Metal -Cl ad Cabl e

*% *% *% *% *% *% *% *% *% *% *% *% *%

NOTE: Type MC cable is UL listed and NFPA 70
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recogni zed for nost comon buil di ng applications.
Revi ew NFPA 70. MC cabl e does not protect
conductors as well as rigid conduit but is nore
flexible to install and relocate. For Navy
projects, consult w th NAVFAC cogni zant FEC

el ectrical design branch nanager and obtain witten
approval before specifying this wring nethod.
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UL 1569; NFPA 70, Type MC cabl e.

I 2.9.9 Arnored Cabl e
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NOTE: Type AC cable has nore restricted
applications than MC cable but offers the sane
advant ages. Review NFPA 70. For Navy projects,
consult wi th NAVFAC cogni zant FEC el ectrical design
branch manager and obtain witten approval before
speci fyi ng AC cabl e.
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UL 4; NFPA 70, Type AC cabl e.

I 2.9.10 M neral - I nsul at ed, Met al - Sheat hed Cabl e
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NOTE: Type M cable is used for |ow tenperature,
hi gh tenperature, hazardous locations, |ife safety,
and heating applications. Refer to NFPA 70.
Clearly showthe M cable on the drawings. If M
cable utilized in hazardous areas is likely to be
subj ect to high voltage surges, consider the use of
surge suppressors in electrical panels serving the
| oad fromoutside of the hazardous area. Locate
suppressors in appropriately rated enclosures within
the hazardous area only if there is no other

option. M cable is not available in ratings above
600 vol ts.
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UL |isted; NFPA 70, Type M cable. Do not use sheathing containing
asbestos fibers.

I 2911 FI at Conductor Cable

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Type FCC cabl e has been listed by UL and
recogni zed by NFPA 70 for under carpet tile
applications. Review NFPA 70. FCC cable is
avai l abl e of f the shelf for power and

t el econmuni cations transni ssion applications.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL |isted; NFPA 70, Type FCC
I 29 12 Cable Tray Cable or Power Limited Tray Cable

UL listed; type TC or PLTC
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I 2.9.13 Cord Sets and Power- Supply Cords
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NOTE: Include this paragraph when equi pment
utilizing cord sets is pernanently connected to
boxes in lieu of use of plug and receptacles.
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UL 817.

]12.10 SPLICES AND TERM NATI ON COVPONENTS
UL 486A-486B for wire connectors and UL 510 for insulating tapes.
Connectors for No. 10 AWG and snal |l er dianeter wires: insulated,
pressure-type in accordance with UL 486A-486B or UL 486C (twi st-on splicing
connector). Provide solderless termnal |ugs on stranded conductors.

2.11 DEVI CE PLATES
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NOTE: Use last itembelow for brig facilities only.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de the foll ow ng:

a. UL listed, one-piece device plates for outlets to suit the devices
installed.

b. For metal outlet boxes, plates on unfinished walls: zinc-coated sheet
steel or cast netal having round or bevel ed edges.

c. For nonnetallic boxes and fittings, other suitable plates may be
provided.

[ d. Plates on finished walls: nylon or | exan, mninmum0.792 mm 0.03 i nch
wal I thickness and sane color as receptacle or toggle switch with which
t hey are nounted.

I e. Plates on finished walls: satin finish stainless steel or
brushed-fini sh al um num m ni nrum 0.792 nm 0. 03 inch thick.

] f. Screws: machine-type with countersunk heads in color to nmatch finish
of plate.

g. Sectional type device plates are not be permitted.

h. Plates installed in wet |ocations: gasketed and UL |listed for "wet
locations."

[ i. Device plates in areas nornmally accessible to prisoners: brown or
ivory finish nylon-device plates rated for high abuse. Test device
plates for conpliance with UL 514A and UL 514C for physical strength.
Attach device plates with spanner head bolts.
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12.12 SWITCHES

2.12.1 Toggle Sw tches

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Do not use solderless pressure type toggle
swi tches on Navy projects.
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NEMA WD 1, UL 20,[ single pole][, double pole][, three-way][, and
four-way], totally enclosed with bodies of thernoplastic or thernoset

pl astic and nounting strap with grounding screw. |Include the foll ow ng:
a. Handles: [ white][ ivory][ brown] thernoplastic.

b. Wring terminals: screwtype, side-wired[ or of the solderless
pressure type having suitable conductor-rel ease arrangenent].

c. Contacts: silver-cadmi um and contact arm - one-pi ece copper alloy.

d. Switches: rated quiet-type ac only, 120/277 volts, with current rating
and number of poles indicated.

2.12.2 Switch with Red Pilot Handle
NEMA WD 1. Provide the follow ng:

a. Pilot lights that are integrally constructed as a part of the switch's
handle.

b. Pilot light color: red and illum nate whenever the switch is closed or
"0n"_

c. Pilot lighted switch: rated 20 anps and 120 volts or 277 volts as
indicated.

d. The circuit's neutral conductor to each switch with a pilot |ight.
2.12.3 Breakers Used as Switches

For 120- and 277-Volt fluorescent fixtures, mark breakers "SWD' in
accordance with UL 489.

2.12. 4 Di sconnect Switches
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NOTE: Sel ect heavy duty-type for those switches
requiring frequent operation indicate as such on the
drawings.
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NEMA KS 1. Provide heavy duty-type switches where indicated, where
switches are rated higher than 240 volts, and for doubl e-throw switches.
Uilize dass R fusehol ders and fuses for fused sw tches, unless indicated
otherw se. Provide horsepower rated for switches serving as the

nmot or - di sconnect nmeans. Provide switches in NEMA] 1][ 3R [
encl osure[ as indicated] per NEMA |ICS 6.
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2.

13 FUSES
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NOTE: For the Designer, determine the proper fuse
class and type based on the requirenents of the

el ectrical systemand the equi pnent serviced. This
note briefly summari zes sone of the UL fuse
standards and their application. |In addition to
200, 000 anpere rms symetrical UL listing, 300,000
anpere rms symmetrical special purpose rating has
been wi tnessed on UL tested and certified O ass RK1l
J and O ass L.

UL 198, Cass R 200,000 anpere, rns synmetrica
interrupting rating, RKLl is |abeled current
limting, and is avail able in dual-el ement

ti me-del ay and non-tinme-delay options. RK5 fuses
are dual -el enent time-delay and | abel ed
current-limting. Both RKL and RK5 fuses are
rejection type which should be used with rejection
nmounti ng on new equi pnent to satisfy high current
interrupting listing by UL.. However, these fuses
may be used on existing equi pnent that is

non-rej ection type as a direct replacenent for UL
198 fuses.

UL 198, Casses J, L, and CC. 200,000 anpere, rms
symmetrical interrupting rating is available with
time-delay option, is not interchangeable with any
other UL fuse class, is labeled current-limting,

and is rated 600 volts ac.

UL 198, Class H  Maxi mum 10, 000 anpere, synmetrica
interrupting rating. Use only in existing equiprent
where the available fault is known to be less than
10, 000 anperes.

UL 198, Cass T: Maxi mum 200, 000 anpere symetrica
interrupting rating. |[|s not interchangeable with
other UL fuse cl asses.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NEMA FU 1. Provide conplete set of fuses for each fusible[l switch]]
panel ][ and control center]. Coordinate time-current characteristics
curves of fuses serving notors or connected in series with circuit
breakers[ or other circuit protective devices] for proper operation. Subnit
coordi nation data for approval. Provide fuses with a voltage rating not

|l ess than circuit voltage.

.13.1 Fuseholders

Provide in accordance with UL 4248-1.

.13.2 Cartridge Fuses, Current Limting Type (dass R

UL 198N, Cass[ RK-1][ RK-5][ tine-delay type]. Provide only Cass R
associ ated fusehol ders in accordance with UL 4248-12.
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2.13.3 Cartridge Fuses, Hi gh-Interrupting Capacity, Current Limting Type
(A asses J, L, and CQ)

UL 198N, Cass J for zero to 600 anperes, Class L for 601 to 6,000 anperes,
and Class CC for zero to 30 anperes.

2.13. 4 Cartridge Fuses, Current Limting Type (Cass T)

UL 198N, Cass T for zero to 1,200 anperes, 300 volts; and zero to 800
anperes, 600 volts.

2.14 RECEPTACLES

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: 1. Designer will select the proper grade for
the application. Hard use receptacles (called heavy
duty receptacles by sone nanufacturers)are suitable
for normal use and heavy use. Use hospital grade
receptacles only for those applications that exceed
capabilities of hard use. Residential-grade
receptacl es are not acceptable.

2. Thernopl astic conponents provide superi or

resi stance to inpacts, chenicals and solvents as
conpared to thernoset materials. Nylon

Pol ycarbonate, Polyester, Acrylic and Pol ypropyl ene
are exanpl es of thernoplastic material. Phenolic.
Urea and Mel ani ne are exanpl es of thernpset

mat eri al s which do not provide high degrees of

resi stance to inpact.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de the foll ow ng:

a. [UL 498, hard use (al so designated heavy-duty),][ UL 498, hospita
grade,] groundi ng-type.

b. Ratings and configurations: as indicated.

c. Bodies: [ white][ ivory][ brown] as per NEMA WD 1.

d. Face and body: thernoplastic supported on a netal nmounting strap
e. Dinensional requirenments: per NEVA WD 6.

f. Screwtype, side-wired wiring terminals or of the solderless pressure
type having suitable conductor-rel ease arrangenent.

g. G ounding pole connected to nmounting strap

h. The receptacle: containing triple-w pe power contacts and doubl e or
triple-w pe ground contacts.

2.14.1 Swi t ched Dupl ex Receptacl es

Provi de separate term nals for each ungrounded pole. Top receptacle:
swi t ched when install ed.
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2.14.2 Weat her proof Recept acl es
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NOTE: Provide die-cast netal/al um num cover plate
when mat chi ng existing installation.

*% *% *% *% *% *% *% *% *% *% *% *%%

Provide receptacles, UL listed for use in "wet locations". Include cast
met al box with gasketed, hinged, |ockable and weat herproof while-in-use,
[ pol ycarbonate, UV resistant/stabilized][die-cast netal/al um nun] cover
pl at e.

2.14.3 Ground-Fault Crcuit Interrupter Receptacles
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NOTE: Gound-fault circuit interrupters are spelled
out rather than abbreviated as "GFCl" to avoid a
potential conflict with "governnent furnished,
contractor installed equi pment”.
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UL 943, duplex type for nounting in standard outlet box. Provide device
capabl e of detecting current leak of 6 mllianperes or greater and tri pping
per requirenents of UL 943 for Class A ground-fault circuit interrupter
devices. Provide screwtype, side-wired wiring termnals or pre-wred
(pigtail) I|eads

2.14. 4 Speci al Purpose Receptacl es
Receptacles serving [ ] are special purpose.[ Provide in ratings

indicated.][ NEMA | ] configuration, rated [ ] anperes, [ ]
volts.][ Furnish one matching plug with each receptacle.]

2.14.5 [ Plugs
Provi de heavy-duty, rubber-covered[ three-,][ four-,][ or][ five-]wire cord
of required size, install plugs thereon, and attach to equi pnent. Provide
UL listed plugs with receptacles, conplete with groundi ng bl ades. Where
equi prent is not available, turn over plugs and cord assenblies to the
Government.

12.14.6 Range Recept acl es

NEMA 14-50 configuration,[ flush mounted for housing units,] rated 50
anperes, 125/250 volts.[ Furnish one matching plug with each receptacle.]

2.14. 7 Dryer Receptacl es

NEMA 14-30 configuration, rated 30 anperes, 125/250 volts.[ Furnish one
mat chi ng plug with each receptacle.]

2.14.8 Tanper-Resistant Receptacles

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: NFPA 70 defines a tanper-resistant receptacle
as one which by its construction linits inproper
access to its energized parts.
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Provi de dupl ex receptacle with nechanical sliding shutters that prevent the
insertion of small objects into its contact slots.

2.15

PANELBOARDS

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For residential applications, use paragraph
RESI DENTI AL LOAD CENTERS or LOAD CENTERS FOR HOUSI NG
UNI TS i nstead of PANELBOARDS unl ess required by the
local Activity.

*% *% *% *% *% *% *% *% *% *% *% *%%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For Navy projects, use the first bracketed
paragraph. Select itemm below for unique
applications involving non-standard frequenci es or
voltages

*% *% *% *% *% *% *% *% *% *% *% *%%

Provi de panel boards in accordance with the follow ng:

[ a

UL 67 and UL 50 having a short-circuit current rating[ as indicated][
of 10, 000 anperes synmetrical m ninuny.

Panel boards for use as service disconnecting neans: additionally
conformto UL 869A.

Panel boards: circuit breaker-equi pped.

Desi gned such that individual breakers can be renpved w t hout

di sturbi ng adjacent units or w thout |oosening or renoving suppl enental
i nsul ation supplied as neans of obtaining clearances as required by UL.

"Specific breaker placenment” is required in panel boards to natch the
breaker placenent indicated in the panel board schedul e on the draw ngs.

Use of "Subfeed Breakers" is not acceptable unless specifically
i ndi cated ot herw se.

Mai n breaker: "separately" mounted[ "above"][ or][ "below'] branch
br eakers.

Where "space only" is indicated, make provisions for future
installation of breakers.

Directories: indicate |oad served by each circuit in panel board.

Directories: indicate source of service to panel board (e.g., Panel PA
served from Panel NDP)

Provide new directories for existing panels nodified by this project as
i ndi cat ed.

Type directories and mount in hol der behind transparent protective
covering.

Panel boards: listed and | abeled for their intended use.

Panel board nanepl ates: provided in accordance wi th paragraph FI ELD
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I a.

FABRI CATED NAMEPLATES.
UL 67 and UL 50.

Panel boards for use as service disconnecting: additionally conformto
UL 869A.

Panel boards: circuit breaker-equi pped.

Desi gned such that individual breakers can be renoved wi thout

di sturbi ng adjacent units or w thout |oosening or renoving suppl enental
i nsul ation supplied as neans of obtaining clearances as required by UL.

Wiere "space only" is indicated, nake provisions for future
installation of breaker sized as indicated.

Directories: indicate |oad served by each circuit of panel board.

Directories: indicate source of service (upstream panel, sw tchboard,
notor control center, etc.) to panel board.

Type directories and nount in holder behind transparent protective
covering.

Panel board nanepl ates: provided in accordance wi th paragraph FI ELD
FABRI CATED NAMEPLATES.

]2.15.1 Enclosure

Provi de panel board encl osure in accordance with the foll ow ng:

a.

b

UL 50.

Cabi nets nmounted outdoors or flush-nounted: hot-dipped gal vani zed
after fabrication.

Cabinets: painted in accordance w th paragraph PAI NTI NG

Qut door cabinets: NEMA 3R raintight with[ conduit hubs welded to the
cabinet][ a renovable steel plate 7 mm 1/4 inch thick in the bottom for
field drilling for conduit connections].

Front edges of cabinets: formflanged or fitted with structural shapes
wel ded or riveted to the sheet steel, for supporting the panel board
front.

Al'l cabinets: fabricated such that no part of any surface on the
fini shed cabinet deviates froma true plane by nmore than 3 nm 1/8 inch

Hol es: provided in the back of indoor surface-nmounted cabinets, with
out si de spacers and inside stiffeners, for nounting the cabinets with a
15 nm 1/ 2 inch clear space between the back of the cabinet and the wall
surface.

Fl ush doors: nounted on hinges that expose only the hinge roll to view
when the door is closed.

Each door: fitted with a conmbined catch and | ock, except that doors
over 600 nm 24 inches long provided with a three-point |latch having a
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knob with a T-handle, and a cylinder |ock
j. Keys: two provided with each lock, with all |ocks keyed alike.

k. Finished-head cap screws: provided for nounting the panel board fronts
on the cabinets.

2.15.2 Panel boar d Buses

Support bus bars on bases independent of circuit breakers. Design main
buses and back pans so that breakers nmay be changed wi t hout machi ni ng,
drilling, or tapping. Provide isolated neutral bus in each panel for
connection of circuit neutral conductors. Provide separate ground bus

i dentified as equi prrent groundi ng bus per UL 67 for connecting groundi ng
conductors; bond to steel cabinet.[ In addition to equi pment groundi ng
bus, provide second "isol ated" ground bus, where indicated.]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Select the bracketed option belowonly if the
non-linear | oads are expected to be a majority of
t he downst ream | oads.
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[2.15.2.1 Panel board Neutrals for Non-Linear Loads
Provide in accordance with the follow ng:

a. UL listed, with panel board type specifically UL heat rise tested for
use on non-linear | oads.

b. Panel board: heat rise tested in accordance with UL 67, except with the
neutral assenbly installed and carrying 200 percent of the phase bus
current during testing.

c. Verification of the testing procedure: provided upon request.

d. Two neutral assenblies paralleled together with cable is not acceptable.

e. Nanmepl ates for panel board rated for use on non-linear |oads: marked
"SUl TABLE FOR NON- LI NEAR LOADS" and in accordance with paragraph FlIELD
FABRI CATED NAMEPLATES.

f. Provide a neutral label with instructions for wiring the neutral of
panel boards rated for use on non-linear |oads.

]2.15.3 Crcuit Breakers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For residential and BEQ BOQ facility
applications, paragraph RESIDENTI AL LOAD CENTERS or
LOAD CENTERS FOR HOUSI NG UNI TS shoul d be used

i nstead of PANELBQARDS unl ess panel boards with
bolt-on breakers are required by the local Activity.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL 489,[ thernmal magnetic-type][ solid state-type] having a ninimm
short-circuit current rating equal to the short-circuit current rating of
the panel board in which the circuit breaker will be nmounted. Breaker
termnals: UL listed as suitable for type of conductor provided.[ Were
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i ndicated on the drawi ngs, provide circuit breakers with shunt trip
devices.] Series rated circuit breakers and plug-in circuit breakers are
unacceptable.

2.15.3.1 Mul ti pol e Breakers
Provi de common trip-type with single operating handle. Design breaker such
that overload in one pole automatically causes all poles to open. Miintain
phase sequence throughout each panel so that any three adjacent breaker
pol es are connected to Phases A, B, and C, respectively.

2.15.3.2 Circuit Breaker Wth Ground-Fault Circuit Interrupter
UL 943 and NFPA 70. Provide with "push-to-test" button, visible indication
of tripped condition, and ability to detect and trip on current inbal ance
of 6 millianperes or greater per requirements of UL 943 for Cass A
ground-fault circuit interrupter

2.15.3.3 Circuit Breakers for HVAC Equi prment

Provide circuit breakers for HVAC equi pment having notors (group or
i ndi vidual) marked for use with HACR type and UL listed as HACR type

2.15.3. 4 Arc-Fault Circuit Interrupters

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NOTE: NFPA 70 requires that all branch circuits
that supply 120 volt, single phase, 15 and 20 anpere
outlets installed in dwelling unit famly roons,
dining roons, living roons, parlors, libraries,

dens, bedroons, sunroons, recreation roons, closets,
hal | ways, or simlar roonms or areas are protected by
an arc-fault circuit interrupter to provide
protection of entire branch circuit.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The one pole arc-fault circuit-interrupter is
not designed for use on circuits in which the
neutral conductor is shared with other circuits
(defined as a multiwire branch circuit in NFPA 70)
and will nuisance trip on shared neutral circuits.
Provi de and indicate on the draw ngs one pole
arc-fault circuit-interrupter breakers for each
circuit, and do not use shared neutral for these
circuits in new construction projects. Were wiring
is existing and not replaced and where a shared
neutral exists, a two pole, 120/240 volt arc-fault
circuit-interrupter for shared neutral circuits may
be required. It may also be required in new
construction if 120/240 volt equi pnent or circuit is
| ocated in the bedroom Coordinate the requirenent
with the cognizant Activity.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL 489, UL 1699 and NFPA 70. Mol ded case circuit breakers: rated as
indicated.[ Two pole arc-fault circuit-interrupters: rated 120/240
volts. The provision of (two) one pole circuit breakers for shared neutra
circuits in lieu of (one) two pole circuit breaker is unacceptable.]
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Provide with "push-to-test" button.
[2.15.4 Fusi bl e Swi tches for Panel boards

NEMA KS 1, hinged door-type. Provide switches serving as notor disconnect
means rated for kilowatt horsepower.

I 2.15.5 400 Hz Panel board and Breakers

Provi de panel boards and breakers for use on 400 Hz systens rated and
| abel ed "400 Hz."

1[2.16 RESI DENTI AL LOAD CENTERS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: Use the follow ng paragraph and subparagraphs
in lieu of the paragraph PANELBOARD and its

subpar agraphs i f designer has chosen to specify
residential load centers in the design. Load
centers are pernitted only for famly housing
construction/repair projects. Delete for other
projects.

*% *% *%

*% *% *% *% *% *% *% *% *%%

Provide residential |load centers (RLCs) in accordance with the foll ow ng:
a. UL 67 and UL 50.

b. RLCs for use as service disconnecting neans: additionally conformto
UL 869A.

c. Circuit breaker equipped.

d. Designed such that individual breakers can be renpoved without
di sturbi ng adjacent units or w thout |oosening or renoving suppl enental
i nsul ation supplied as neans of obtaining clearances as required by UL.

e. Wiere "space only" is indicated, make provisions for future
installation of breakers sized as indicated.

[ f. Provide load centers with keyed | ocks.

] g. Provide printed directori es.

2.16.1 RLC Buses
Support bus bars on bases independent of circuit breakers. Design main
buses and back pans so that breakers nmay be changed wi t hout machi ni ng,
drilling, or tapping. Provide isolated groundable neutral bus in each
panel for connection of circuit neutral conductors. Provide separate
ground bus identified as equi pnent groundi ng bus per UL 67 for connecting
groundi ng conductors; bond to steel cabinet.

2.16.2 Crcuit Breakers
UL 489, thernal nmagnetic-type with interrupting capacity[ as indicated][ of

10, 000 mi ni mum anperes rns symetrical]. Breaker terminals: UL listed as
suitable for the type of conductor provided.
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2.16.2.1 Mul ti pol e Breakers

Provi de common trip-type with single operating handle. Provide a breaker
design such that overload in one pole automatically causes all poles to
open. Mintain phase sequence throughout each panel so that any two

adj acent breaker poles are connected to alternate phases in sequence.

[2.16.2.2 Circuit Breaker Wth Gound-Fault Circuit Interrupter

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: Include for all locations required by NFPA 70.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL 943 and NFPA 70. Provide with "push-to-test" button, visible indication
of tripped condition, and ability to detect and trip on current inbal ance
of 6 millianperes or greater per requirements of UL 943 for Cass A
ground-fault circuit interrupter devices.

12.16.2.3 Arc-Fault Crcuit-Interrupters

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: NFPA 70 requires that all branch circuits
that supply 120 volt, single phase, 15 and 20 anpere
outlets installed in dwelling unit famly roons,
dining roons, living roons, parlors, libraries,

dens, bedroons, sunroons, recreation rooms, closets,
hal | ways, or similar roonms or areas are protected by
an arc-fault circuit interrupter to provide
protection of entire branch circuit.

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: The one pole arc-fault circuit-interrupter is
not designed for use on circuits in which the
neutral conductor is shared with other circuits
(defined as a multiwire branch circuit in NFPA 70)
and will nuisance trip on shared neutral circuits.
Provi de and indicate on the draw ngs one pole
arc-fault circuit-interrupter breakers for each
circuit, and do not use shared neutral for these
circuits in new construction projects. Were wiring
is existing and not replaced and where a shared
neutral exists, a two pole, 120/240 volt arc-fault
circuit-interrupter for shared neutral circuits my
be required. It may also be required in new
construction if 120/240 volt equi pnent or circuit is
| ocated in the bedroom Coordi nate the requirenent
wi th the cognizant Activity.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

UL 489, UL 1699 and NFPA 70. Mblded case circuit breakers: rated as
indicated.[ Two pole arc-fault circuit-interrupters: rated 120/240
volts. The provision of (twd) one pole circuit breakers for shared neutra
circuits in lieu of (one) two pole circuit breaker is unacceptable.]
Provide with "push-to-test" button.

I 217 LOAD CENTERS FOR HOUSI NG UNI TS

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: UFC 3-520-01 allows | oad center style
panel boards, with plug-in breakers, which can be
used in housing units and BEQ BOQ r oons.
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Provi de singl e-phase panel boards for housing units on this project in
accordance with the foll ow ng:

a. Load center type, circuit breaker equipped, conforning to UL 67 and
UL 50.

b. Panel boards series short-circuit current rating: 22,000 anperes
symetrical mninmumfor the nain breaker and the branch breakers.

c. Panel boards for use as service disconnecting neans: additionally
conformto UL 869A.

d. DDesigned such that individual breakers can be renoved wi thout
di sturbi ng adjacent units or w thout |oosening or renoving suppl enental
i nsul ation supplied as neans of obtaining clearances as required by

UL.

e. "Specific breaker placenment"” is required in panel boards to match the
breaker placenent indicated in the panel board schedul e on the
dr awi ngs.

f. \Wiere "space only" is indicated, nake provisions for future
installation of breakers.

g. Provide cover with | atching door
h. Directories: indicate |oad served by each circuit in panel board.

i. Directories: indicate source of service to panelboard (e.g., Panel PA
served from panel NDP)

j. Type directories and nmount behind in holder with transparent protective
covering on inside of panel door.

.17.1 Panel boar d Buses

Support bus bars on bases independent of circuit breakers. Design main
buses and back pans so that breakers nmay be changed wi t hout machi ni ng,
drilling, or tapping. Provide copper or alum numbus bars, either tin
pl ated or silver plated. Provide isolated neutral bus in each panel for
connection of circuit neutral conductors. Provide separate ground bus
identified as equi pnent groundi ng bus per UL 67 for connecting groundi ng
conductors; bond to steel cabinet.

L17.2 Circuit Breakers

UL 489 thermal magnetic type having a mininumshort-circuit current rating
equal to the short-circuit current rating of the panelboard in which the
circuit breaker will be nounted. Breaker terminals: UL listed as suitable
for type of conductor provided. Half-size and tandem breakers are not
acceptable. Provide switch duty rated 15 and 20 anpere breakers. Breakers
must not require use of panel trimto secure themto the bus.
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2.17.2.1 Mul ti pol e Breakers

Provi de common trip-type with single operating handle. Design breaker such
that overload in one pole automatically causes all poles to open. Miintain
phase sequence throughout each panel so that any two adjacent breaker poles
are connected to Phases A and B respectively.

2.17.2.2 Arc-Fault Circuit-Interrupters

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: NFPA 70 requires that all branch circuits
that supply 120 volt, single phase, 15 and 20 anpere
outlets installed in dwelling unit famly roons,

di ning roons, living roonms, parlors, libraries,

dens, bedroomns, sunroons, recreation rooms, closets,
hal | ways, or simlar roonms or areas are protected by
an arc-fault circuit interrupter to provide
protection of entire branch circuit.

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: The one pole arc-fault circuit-interrupter is
not designed for use on circuits in which the
neutral conductor is shared with other circuits
(defined as a multiwire branch circuit in NFPA 70)
and wi |l nuisance trip on shared neutral circuits.
Provi de and indicate on the draw ngs one pole
arc-fault circuit-interrupter breakers for each
circuit, and do not use shared neutral for these
circuits in new construction projects. Were wiring
is existing and not replaced and where a shared
neutral exists, a two pole, 120/240 volt arc-fault
circuit-interrupter for shared neutral circuits my
be required. It may also be required in new
construction if 120/240 volt equipnent or circuit is
| ocated in the bedroom Coordinate the requirenent
wi th the cognizant Activity.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

UL 489, UL 1699 and NFPA 70. Mblded case circuit breakers: rated as
indicated.[ Two pole arc-fault circuit-interrupters: rated 120/240
volts. The provision of (twd) one pole circuit breakers for shared neutra
circuits in lieu of (one) two pole circuit breaker is unacceptable.]
Provide with "push-to-test" button.

]12.18 ENCLOSED Cl RCUI T BREAKERS

UL 489. Individual nolded case circuit breakers with voltage and
continuous current ratings, nunber of poles, overload trip setting, and
short circuit current interrupting rating as indicated. Enclosure type as
indicated.[ Provide solid neutral.]

[2.19 MOTOR SHORT- Cl RCUI T PROTECTOR ( MSCP)

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: MSCPs, also called notor circuit protectors
(MCPs), are conponents of conbination notor
controllers rather than fuses or circuit breakers
and are permtted if the notor short-circuit
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protector is part of a |listed conbination notor
controller.
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Mot or short-circuit protectors, also called notor circuit protectors
(MCPs): UL 508 and UL 489, and provided as shown. Provide MSCPs that
consi st of an adjustable instantaneous trip circuit breaker used only in
conjunction with a conbination nmotor controller which provides coordinated
mot or branch-circuit overload and short-circuit protection. Rate MSCPs in
accordance with the requirenents of NFPA 70.

]12.20 TRANSFORMERS

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Coordi nate the | ocation of dry-type
transformers with the nechani cal designer to ensure
adequate ventilation. This specification does not
apply to transforners over 500 kVA, substation
transfornmers, and transformers rated greater than
600 volts; for these types, see Section 26 12 19.10
THREE- PHASE PAD- MOUNTED TRANSFORMERS, Section

26 12 21 SI NGLE- PHASE PAD- MOUNTED TRANSFORMERS, or
Section 26 11 16 SECONDARY UNI T SUBSTATI ONS for al
projects; or Section 26 11 13.00 20 PRI MARY UNI T
SUBSTATI ONS for Navy projects; or Section

26 11 14.00 10 MAIN ELECTRI C SUPPLY STATI ON AND
SUBSTATI ON for Arny projects. Specify 80 C or 115 C
transformers when transformer is | oaded above 60
percent of nanepl ate and has conti nuous duty

cycle. Del ete quiet type where noise | evel does
not affect personnel. Relative to noise: the |east
desirable location for the transforner is in a
corner of a room especially when there is a |l ow
ceiling.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: NEMA ST 20 is used below as a requirenent for
general purpose dry-type transforners. Al though
this docunent has been w thdrawn by NEMA, it is
still used as a requirenent because nmanufacturers
still use it as a design guide.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de transforners in accordance with the foll ow ng:

a. NEMA ST 20, general purpose, dry-type, self-cooled,[ ventilated]]
unventil ated][ seal ed].

b. Provide transfornmers in NEMA[ 1][ 3R] | ] encl osure.
c. Transforner insulation system
(1) 220 degrees C insulation systemfor transforners 15 kVA and
greater, with tenperature rise not exceeding[ 150][ 115][ 80]
degrees C under full-rated [oad in nmaxi num anbi ent of 40 degrees C.
(2) 180 degrees Cinsulation for transformers rated 10 kVA and | ess,

with tenmperature rise not exceeding[ 150][ 115][ 80] degrees C
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under full-rated load in maxi rum anbi ent of 40 degrees C.

d. Transformer of 150 degrees C tenperature rise: capable of carrying
continuously 100 percent of naneplate kVA w thout exceeding insulation
rating.

Il e. Transformer of 115 degrees C tenperature rise: capable of carrying
continuously 115 percent of naneplate kVA w thout exceeding insulation
rating.

I f. Transformer of 80 degrees C tenperature rise: capable of carrying
continuously 130 percent of naneplate kVA w thout exceeding insulation
rating.

I g. Transformers: quiet type with maxi num sound |evel at |east 3 decibels
| ess than NEMA standard | evel for transforner ratings indicated.

]2.20.1 Specified Transforner Efficiency
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NOTE: Energy Star or energy efficient transformers
are generally only available in ventilated
encl osures, and not available in K-rated or qui et

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Transforners, indicated and specified with: 480V prinmary, 80 degrees C or
115 degrees C tenperature rise, kVAratings of 37.5 to 100 for single phase
or 30 to 500 for three phase, energy efficient type. M ninmum efficiency,
based on factory test results: not be Iess than NEMA Class 1 efficiency as
defined by NEMA TP 1.

2.20.2 [ Transformers Wth Non-Linear Loads

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Conplete an analysis of the connected | oads
to determ ne the harnmonic contents and the
appropriate K-Factor rating. K-Factor is defined as

the sumfromh=1 to infinity of I,(pu) 2h2 where I
(pu) is the rns current at harmonic "h" (per unit of
rated rns load current) and h is the harnonic

order. Use K-4 rating when connected | oads are
conprised of a large nunber of 100 percent
non-1linear single phase electronic equipnent. Use
K-13 rating when connected | oads are conprised of
single, large electronic |oads, or small nunbers of
conparatively large single phase |oads (i.e.

mai nfrane conmputers or on-line UPS systens).

Cauti on shoul d be used in specifying K-ratings above
K-13, as the inpedance generally decreases as the
K-ratings increase. |npedances below 3 percent are
not reconmended for conmputer | oads connected to
transformers with high K-ratings, as even higher
neutral currents could result and possibly cause

mal functions or damage sensitive | oad equi pnent.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide transformers for non-linear |loads in accordance with the foll ow ng:
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a. Transforner insulation: UL recognized 220 degrees C system Neither
the primary nor the secondary tenperature is allowed to exceed 220
degrees C at any point in the coils while carrying their full rating of
non- si nusoi dal | oad.

b. Transfornmers are to be UL listed and labeled for[ K-4][ K-9][ K-13]]
K-Factor rating as indicated] in accordance with UL 1561

c. Transforners evaluated by the UL K-Factor evaluation: |listed for]
115][ 80] degrees C average tenperature rise only.

d. Transforners with K-Factor ratings with tenperature rise of 150 degrees
Crise are not acceptable.

e. K-Factor rated transforners inpedance: allowed range of 3 percent to 5
percent, with a mininumreactance of 2 percent to prevent excessive
neutral current when supplying loads with |arge anounts of third
harmonic.

]2.21  MOTORS
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NOTE: Motor and notor controller specifications
nust be thoroughly coordi nated with and
cross-referenced in all affected nechanica
sections.
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Provide notors in accordance with the foll ow ng:

a. NEMA MG 1] except provide fire punp notors as specified in Section
21 30 00] FI RE PUWMPS.

b. Hernetic-type sealed nmotor conpressors: Also conply with UL 984.

c. Provide the size in terms of KWHP, or kVA, or full-load current, or a
conbi nati on of these characteristics, and other characteristics, of
each nmotor as indicated or specified.

d. Determine specific notor characteristics to ensure provision of
correctly sized starters and overl oad heaters.

e. Rate notors for operation on 208-volt, 3-phase circuits with a term na
vol tage rating of 200 volts, and those for operation on 480-volt,
3-phase circuits with a termnal voltage rating of 460 volts.

f. Use nmotors designed to operate at full capacity with voltage variation
of plus or mnus 10 percent of notor voltage rating.

g. Unless otherw se indicated, use continuous duty type notors if rated
745 Watts 1 HP and above.

h. \Where fuse protection is specifically recomended by the equi prent
manuf acturer, provide fused switches in |lieu of non-fused switches
indicated.

2.21.1 Hi gh Efficiency Single-Phase Mdtors

Si ngl e- phase fractional - horsepower alternating-current notors: high
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2.

efficiency types corresponding to the applications listed in NEMA MG 11.
In exception, for notor-driven equipnent with a mninum seasonal or overal
efficiency rating, such as a SEER rating, provide equiprment with nmotor to
meet the overall systemrating indicated.

.21.2 Prenmi um Ef fi ci ency Pol yphase Mdtors

Sel ect pol yphase notors based on high efficiency characteristics relative
to typical characteristics and applications as listed in NEMA MG 10. In
addi tion, continuous rated, polyphase squirrel-cage nmedi uminduction notors
must nmeet the requirenents for premumefficiency electric notors in
accordance with NEMA MG 1, including the NEMA full |oad efficiency

ratings. In exception, for notor-driven equi pnent with a mni num seasona
or overall efficiency rating, such as a SEER rating, provide equipnent with
motor to neet the overall systemrating indicated.

.21.3 Mot or Si zes

Provide size for duty to be perforned, not exceeding the full-Ioad

nanepl ate current rating when driven equi prment is operated at specified
capacity under nost severe conditions likely to be encountered. Wen notor
size provided differs fromsize indicated or specified, nake adjustnents to
wiring, disconnect devices, and branch circuit protection to accombdate
equi pnent actually provided. Provide controllers for notors rated 1-hp and
above with el ectronic phase-voltage nonitors designed to protect notors
from phase-1 oss, undervoltage, and overvoltage. Provide protection for
motors fromimrediate restart by a tinme adjustable restart rel ay.

.21.4 Wring and Conduit

Provide internal wiring for conponents of packaged equi pnent as an integra
part of the equipnent. Provide power wiring and conduit for
field-installed equipnent[, and notor control equi prment forming part of
nmotor control centers or sw tchgear assenblies, the conduit and wring
connecting such centers, assenblies, or other power sources to equipnent]
as specified herein. Power wiring and conduit: conformto the
requirenents specified herein. Control wiring: provided under, and
conformto, the requirements of the section specifying the associated
equipment.

22 MOTOR CONTROLLERS

NOTE: Mbtor and notor controller specifications
nmust be thoroughly coordi nated with and
cross-referenced in all affected nechani ca
sections. Indicate NEMVA size of controller on
mechani cal draw ngs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide notor controllers in accordance with the foll ow ng:

a. UL 508, NEMA ICS 1, and NEMA ICS 2,[ except fire punp controllers as
specified in Section 21 30 00 FI RE PUMPS]

b. Provide controllers with thermal overload protection in each phase, and

one spare normally open auxiliary contact, and one spare normally
cl osed auxiliary contact.
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Il o

Provide controllers for notors rated 1-hp and above with electronic
phase-vol tage nonitors designed to protect motors from phase-1 oss,
undervol t age, and overvol t age.

Provide protection for nmotors fromimediate restart by a tine
adj ustabl e restart rel ay.

Wien used with pressure, float, or simlar automatic-type or
mai nt ai ned-contact switch, provide a hand/off/automatic selector swtch
with the controller.

Connections to selector switch: wred such that only normal automatic
regul atory control devices are bypassed when switch is in "hand"
position.

Saf ety control devices, such as |ow and high pressure cutouts, high
tenperature cutouts, and notor overload protective devices: connected
in nmotor control circuit in "hand" and "autonatic" positions.

Control circuit connections to hand/off/automatic selector switch or to
nore than one autonmatic regulatory control device: nade in accordance
with indicated or manufacturer's approved w ring di agram

Provi de selector switch with the neans for |ocking in any position.

Provi de a di sconnecting neans, capable of being | ocked in the open
position, for the notor that is located in sight fromthe notor

| ocation and the driven nachinery location. As an alternative, provide
a notor controller disconnect, capable of being |ocked in the open
position, to serve as the disconnecting neans for the notor if it is in
sight fromthe notor location and the driven machinery | ocation

Overload protective devices: provide adequate protection to notor
wi ndi ngs; be thermal inverse-tine-limt type; and include manual
reset-type pushbutton on outside of notor controller case.

Cover of conbination nmotor controller and manual switch or circuit
breaker: interlocked with operating handle of switch or circuit
breaker so that cover cannot be opened unl ess handle of switch or
circuit breaker is in "off" position.

M ni mum short circuit withstand rating of conbination notor
controller: [___ ] rnms symetrical anperes.

Provide controllers in hazardous | ocations with classifications as
indicated.

12.22.1 Control Wring

Provi de control wiring in accordance with the foll ow ng:

a.

Al control wire: stranded tinned copper switchboard wire with

600-volt flane-retardant insulation Type SIS neeting UL 44, or Type MIW
meeting UL 1063, and passing the VW1 flane tests included in those
standards.

Hinge wire: Cl ass K stranding.

Current transforner secondary |eads: not smaller than No. 10 AWG
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2.22.2

Control wire mnimmsize: No. 14 AWG

Power wiring for 480-volt circuits and below. the same type as control
wiring with No. 12 AWG m ni num si ze.

Provide wiring and term nal arrangenent on the term nal blocks to
permit the individual conductors of each external cable to be
term nated on adjacent terminal points.

Control Circuit Term nal Bl ocks

Provide control circuit termnal blocks in accordance with the foll ow ng:

a.

b.

NEMA | CS 4.

Control circuit termnal blocks for control wiring: nolded or
fabricated type with barriers, rated not |ess than 600 volts.

Provide terninals with renovable binding, fillister or washer head
screw type, or of the stud type with contact and | ocking nuts.

Terminals: not less than No. 10 in size with sufficient |ength and
space for connecting at least two indented ternminals for 10 AWG
conductors to each termnal.

Term nal arrangenent: subject to the approval of the Contracting
Oficer with not less than four (4) spare terminals or 10 percent,
whi chever is greater, provided on each bl ock or group of bl ocks.

Modul ar, pull apart, terninal blocks are acceptable provided they are
of the channel or rail-nmunted type.

Submit data showing that any proposed alternate will accommodate the
speci fied nunber of wires, are of adequate current-carrying capacity,
and are constructed to assure positive contact between current-carrying
parts.

2.22.2.1 Types of Term nal Bl ocks

a.

Short-Circuiting Type: Short-circuiting type term nal bl ocks:
furnished for all current transformer secondary |eads with provision
for shorting together all |leads fromeach current transforner wthout
first opening any circuit. Terminal blocks: conply with the

requi renents of paragraph CONTROL CI RCUI T TERM NAL BLOCKS above.

Load Type: Load terminal blocks rated not |ess than 600 volts and of
adequat e capacity: provided for the conductors for NEMA Size 3 and
smal l er notor controllers and for other power circuits, except those
for feeder tap units. Provide terminals of either the stud type with
contact nuts and | ocking nuts or of the renpvable screw type, having

| ength and space for at |least two indented termnals of the size
required on the conductors to be termnated. For conductors rated nore
than 50 anperes, provide screws with hexagonal heads. Conducting parts
bet ween connected term nals nust have adequate contact surface and
cross-section to operate without overheating. Provide eEach connected
termnal with the circuit designation or wire nunber placed on or near
the term nal in permanent contrasting col or
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2.22.3 Control Circuits
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NOTE: Choose one of the follow ng options.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Control circuits: maxi mumvoltage of 120 volts derived fromcontro
transforner in same enclosure. Transfornmers: conformto UL 506, as
applicable. Transformers, other than transfornmers in bridge circuits:
provide primaries wound for voltage avail able and secondari es wound for
correct control circuit voltage. Size transformers so that 80 percent of
rated capacity equals connected |oad. Provide disconnect switch on prinary
side.[ Provide fuses in each ungrounded prinmary feeder]. Provide one
fused secondary lead with the other |ead grounded.[ For designated
systems, as indicated, provide backup power supply, including transforners
connected to[ emergency power source][_ ]. Provide for automatic

swi tchover and al arm upon failure of primary control circuit.]]

[Control circuits: maxi mumvoltage of 120 volts derived froma separate
control source. Provide termnals and terminal boards. Provide separate
control disconnect switch within controller. Provide one fused secondary
lead with the other |ead grounded.[ For designhated systens, as indicated,
provi de backup power supply, including connection to[ energency power
source][ ]. Provide for automatic sw tchover and al arm upon failure of
primary control circuit.]]

2.22. 4 Encl osures for Motor Controllers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Indicate NEMA type of enclosure on the
nmechani cal drawing to suit the application
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NEMA | CS 6.

2.22.5 Mul ti pl e- Speed Motor Controllers and Reversible Mdtor Controllers
Across-the-line-type, electrically and nechanically interl ocked.
Mul tipl e-speed controllers: include conpelling relays and multipl e-button,
station-type with pilot lights for each speed.

2.22.6 Pushbutton Stations
Provide with "start/stop" nonentary contacts having one normally open and
one normally closed set of contacts, and red lights to indicate when notor
is running. Stations: heavy duty, oil-tight design

2.22.7 Pilot and Indicating Lights

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

NOTE: Choose one of the follow ng bracketed itens.
LED cluster lanmps have an approximate life of 20,000
hours and will fit incandescent |anp bases.

I ncandescent | anps have an approxinate |ife of 1,000
hours. LED colors are red, anber, yellow, and green
and are not available in clear or white.
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[Provide LED cluster lanps.][Provide transformer, resistor, or diode type.]
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[2.22.8 Reduced- Vol t age Controllers
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NOTE: The desi gner deternines, based on the power
system characteristics, nmotor usage, and voltage
drop where reduced-voltage controllers are
necessary. See UFC 3-520-01 for additiona

i nformati on on sel ection and application
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Provi de for polyphase notors [ ] kilowatt horsepower and | arger.
Reduced-voltage starters: single-step, closed transition|
autotransforner,][ reactor,][ primary resistor-type,][ solid state-type,]
or as indicated, with an adjustable tine interval between application of
reduced and full voltages to notors.[ We-delta reduced voltage starter or
part winding increment starter having adjustable tine delay between
application of voltage to first and second w nding of notor may be used in
lieu of the reduced-voltage starters for starting of[ notor-generator
sets,][ centrifugally operated equipnment,][ or][ reciprocating conpressors
provided with autonmatic unl oaders].]

]12.23 MANUAL MOTOR STARTERS ( MOTOR RATED SW TCHES)

[ Singl e] [ Doubl e] [ Three] pol e designed for[ flush][ surface] nounting with
overl oad protection[ and pilot Iights].

2.23.1 Pilot Lights

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose either the incandescent or LED
bracket ed sent ence.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

[ Provide yoke-nounted, seven el enment LED cluster |ight nodule. Color:]|
green][ red][ amber][ in accordance with NEVA | CS 2].][Provide
yoke- mount ed, candel abr a- base sockets rated 125 volts and fitted with gl ass
or plastic jewels. Provide clear, 6 watt lanp in each pilot switch
Jewel s for use with switches controlling notors: green; jewels for other
purposes:[ white][ red][ amber].

12.24 MOTOR CONTROL CENTERS
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NOTE: Modtor control center should be specified for
groups of large notors requiring coordinated
control. In other applications, individua
controllers or notor control panel boards should be
used. Cenerally, notor control centers should be
NEMA, Class |, Type B. Coordinate controller
specifications with the mechani cal equi prent
requirements.

NOTE: Cass | motor control centers consist of
mechani cal groupi ngs of conbi nati on notor-control
units, feeder-tap units, other units and el ectrica
devices arranged in a conveni ent assenbly. Cass |
nmotor control centers are the same as Cass | except
with the addition of nanufacturer-furnished
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Il

2.

electrical interlocking and wiring between units as
specifically described by the designer on the
construction draw ngs
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Provi de notor control centers in accordance with the foll ow ng:
a. UL 845, NEMA ICS 2, NEMA ICS 3.

b. Wring: Cdass[ I]][ Il], Type[ AI[ B[ C], in NEMA Type[ 1][ 3R [

12] ] encl osure.

c. Provide control centers suitable for operation on | ]-volt,
[ ] - phase, | ]-wire, [ ] Hz systemwi th mininum
short-circuit withstand and interrupting rating of[ 100, 000][ 65, 000] [
42, 000][ 25,000]] ] anperes rns synmetrical

d. Incomng power feeder: [ bus duct][ cable] entering at the[ top]]

botton] of enclosure and termnating on[ ternminal lugs][ nain
protective device].

e. Min protective device: [ nolded case circuit breaker][ |ow voltage
power circuit breaker][ fusible switch] rated at | ] anperes rns
symmetrical interrupting capacity.

f. Arrange busing so that control center can be expanded from both ends.

g. Interconnecting wires: copper

h. Term nal blocks: plug-in-type so that controllers may be renoved
wi t hout di sconnecting individual control wring.

.24. 1 Bus Systens

Provide the follow ng bus systens. Power bus: be braced to wthstand
fault current of[ 100,000][ 65,000][ 42,000][ 25,000][_ ] anperes rns
symmetrical. Wring troughs: isolated fromhorizontal and vertical bus
bars.

.24. 1.1 Hori zontal and Mai n Buses

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: 1, 600-anpere, 2,000-anpere, and 2, 500-anpere
ratings are al so avail able. However, equipnent at
those ratings may not be UL |isted andhave not been
i ncluded as an option

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Hori zontal bus: continuous current rating of[ 600][ 800][ 1000]]

12001 ___ ] anperes. Main bus: [ aluminum tin-plated][ copper
silver-plated] enclosed in isolated conpartnment at top of each verti cal
section. Main bus: isolated fromw re troughs, starters, and other areas.

24.1.2 Vertical Bus
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NOTE: Select fromthe bracketed options bel ow
Hi gher ratings mght be avail able; however,
equi pnent at those ratings may not be UL |isted and
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have not been included as an option

*kkkkkkkkkkkkkkkkkkkkkkk
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Vertical bus: continuous current rating of[ 300][ 450][ 600][__ ]
anperes, and [ aluminum tin-plated][ copper, tin-plated][ copper

silver-plated]. Vertical bus: enclosed in flanme-retardant, polyester
gl ass "sandwi ch."

2.24.1.3 G ound Bus

Copper ground bus: provided full width of notor control

center and
equi pped with necessary | ugs.

[2.24.1.4 Neutral Bus

I nsul ated neutral bus: provided continuous through the notor contro

center; neutral full rated. Provide lugs of appropriate capacity, as
required.

1[2.24.2 Conbi nati on Motor Controllers

*kkkkkkkkkhkkkkkkkk
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NOTE: Sel ect Conbination Mdtor Controllers if
required by project docunents. Sel ect options bel ow
and include short circuit rating requiremnent.

*kkkkkkkkkhkkkkkkkk
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UL 508 and ot her requirenments in paragraph, MOTOR CONTROLLERS. Provide in
controller a[ nolded case circuit breaker][ fusible switch with clips for
[ ]-type fuses for branch circuit protection].[ Mninmmshort circuit
wi thstand rating of conbination notor controller: [ ] rns symetrica

anperes.][ Circuit breakers for conbination controllers: [ thernal
magnetic][ magnetic only].]

I 2.24.3 Space Heaters

*% *% *%

*% *% *% *% *% *% *% *% *% *%%

NOTE: Heaters should be connected to an externa
power source in installations where the notor
control center will not be energized continuously.

*% *% *%

*% *% *% *% *% *% *% *% *% *%%

Provi de space heaters where indicated on the draw ngs, controlled using an
adjustable 10 to 35 degrees C 50 to 90 degrees F thernostat, nagnetic
contactor, and a nol ded-case circuit breaker[ and a 480-120 volt
singl e-phase transformer]. Provide space heaters equi pped with 250-watt,
240 volt strip elements operated at 120 volts and [ supplied fromthe notor
control center bus][ wired to term nal blocks for connection to 120-volt

si ngl e- phase power sources |ocated external to the control centers].

Contactors: open type, electrically-held, rated 30 anperes, 2-pole, with
120-volt ac coils.

]12.25 LOCKQUT REQUI REMENTS

Provi de di sconnecting neans capabl e of being | ocked out for nachi nes and

ot her equi pment to prevent unexpected startup or rel ease of stored energy
in accordance with 29 CFR 1910.147. Conmply with requirenents of Division
23, "Mechanical" for mechanical isolation of machines and ot her equipnent.
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2.26 TELECOVMUNI CATI ONS SYSTEM

*kkk
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NOTE: This paragraph provides information rel ated
to tel econmuni cati ons systemrequirenents for

pat hway and el ectrical service. Conplete system
cabling and interconnecting hardware are specified
in Section 27 10 00 BUI LDI NG TELECOVMUNI CATI ONS
CABLI NG SYSTEM and Section 33 82 00

TELECOVMUNI CATI ONS QUTSI DE PLANT (OSP). \here
Section 27 10 00 is not provided and an enpty
conduit systemis required for tel ecomunications
service, copy and paste the subparagraph BACKBOARDS
under the major paragraph COVMUNI TY ANTENNA

TELEVI SI ON ( CATV) SYSTEM as a subparagraph to this
paragraph.

*% *%

*%

*% *% *% *% *% *% *% *%%

Provi de system of tel ecomruni cati ons w re-supporting structures (pathway),

i ncl udi

ng:

outl et boxes, conduits with pull wires[ wreways,][ cable

trays,] and other accessories for tel ecomunications outlets and pathway in
accordance with TIA-569 and as specified herein.[ Additional

tel econmuni cations requirenents are specified in Section 27 10 00, BUI LDI NG
TELECOVMUNI CATI ONS CABLI NG SYSTEM ]

[2.27

COVMUNI TY ANTENNA TELEVI SI ON ( CATV) SYSTEM

*kkk
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NOTE: 1. Use paragraph CATV QUTLETS and CATV
FACEPLATES for enpty conduit systens only, where
cable is not provided in the project.

2. Designer: provide riser diagramof system
on drawi ngs and provide enpty conduit to exterior
| ocation for CATV service entrance.

3. Choose Section 27 54 00.00 20 COVWUNI TY
ANTENNA TELEVI SI ON ( CATV) SYSTEMS for Navy projects
and Section 27 05 14.00 10 CABLE TELEVI SI ON PREM SES
DI STRI BUTI ON SYSTEM for Arny projects where conplete
CATV systemis provided. Delete paragraphs CATV
QUTLETS and CATV FACEPLATES when section
27 54 00.00 20 COVMUNI TY ANTENNA TELEVI SI ON ( CATV)
or section 27 05 14.00 10 CABLE TELEVI SI ON PREM SES
DI STRI BUTI ON SYSTEM are used on the project.

*kkk
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[ Additional CATV requirenents are specified in[ Section 27 54 00.00 20,
COVMUNI TY ANTENNA TELEVI SI ON (CATV) SYSTEMS.][ Section 27 05 14.00 10,
CABLE TELEVI SI ON PREM SES DI STRI BUTI ON SYSTEM ]]

[2.27.1

CATV Qutlets

Provi de flush nmounted, 75-ohm F-type connector outlet rated from5 to 1000
MHz in standard electrical outlet boxes[ with isolation barrier] with
mount i ng frane.

I 2.27.2

CATV Facepl at es

Provi de nodul ar faceplates for mounting of CATV Qutlets.[ Faceplate:
i nclude designation | abels and | abel covers for circuit identification.]
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Facepl ate color: nmatch outlet and switch coverpl ates.

I 2.27.3 Backboards

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose the first bracketed sentence when
providing an enpty conduit system or choose the
second bracketed sentence when Section 27 10 00 is
used. \When using "as indicated" option, ensure
information required is shown on the draw ngs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Provide void-free, fire rated interior grade plywod, 19 mm 3/4 inch thick
[ 1200 by 2400 mmi[ 4 by 8 feet][ as indicated]. Do not cover the fire
stanp on the backboard.][ Coordinate CATV backboard requirenments with

tel econmuni cati ons backboard requirements as specified in Section 27 10 00,
BUI LDI NG TELECOVMUNI CATI ONS CABLI NG. ]

112.28 GROUNDI NG AND BONDI NG EQUI PMENT
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NOTE: Select ground rod type. Most applications
will only need copper-clad steel

In high resistivity soils, 3000 nm 10 foot sectiona
rods may be used to obtain the required resistance
to ground; however, where rock is encountered
additional rods, a ground ring el ectrode, or ground
grid may be necessary. Coordinate and standardize
rod selection for individual facilities with other
speci fication sections.
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2.28.1 G ound Rods

UL 467. Gound rods: [ copper-clad steel][ solid copper][ stainless
steel], with mininumdianeter of 19 mm 3/4 inch and m ninmum | ength[ of 3050
mM [ of 6100 mmM 10 feet. Sectional ground rods are permtted.

[2.28.2 G ound Bus

Copper ground bus: provided in the electrical equi pment roons as indicated.

12.28.3 Tel econmuni cati ons [and CATV] G oundi ng Busbar

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkk

NOTE: 1. Mnimumw dth for the tel ecommunications
mai n groundi ng busbar (TM3) is 100 nm 4 in and for
t he tel ecomuni cations groundi ng busbar (TGB) is 50
mm 2 in. Tel ecomruni cati ons groundi ng busbar
provides grounding termnation for voice, data and
vi deo (CATV) systens.

2. Choose the bracketed option for
Tel econmuni cati on Groundi ng Busbars (TGB) when there
are nore than one tel ecomunications room or
t el econmuni cati ons equi pnent roons included in the
project.

*% *% *%

*% *% *% *% *% *% *% *% *%%
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Provi de corrosion-resistant groundi ng busbar suitable for[ indoor]]

outdoor] installation in accordance with TIA-607 . Busbars: plated for
reduced contact resistance. |f not plated, clean the busbar prior to
fastening the conductors to the busbar and apply an anti-oxidant to the
contact area to control corrosion and reduce contact resistance. Provide a
t el econmuni cati ons nmai n groundi ng busbar (TMEB) in the tel econmunications
entrance facility[ and a (TGB) in all other teleconmunications roons and
equi pment roons]. The tel ecomuni cations main groundi ng busbar (TM3B)[ and
the tel ecomuni cations groundi ng busbar (TGB)]: sized in accordance with
the i medi ate application requirenents and with consideration of future
growt h. Provide tel ecommunicati ons groundi ng busbars with the foll ow ng:

a. Predrilled copper busbar provided with holes for use with standard
si zed | ugs,

b. Mnimmdinensions of 6 nm0.25 in thick by 100 mm4 in wide for the
TMEB[ and 50 m®2 in wide for TGs] with | ength as indicated,;

c. VListed by a nationally recognized testing | aboratory.

[2.29 HAZARDOUS LOCATI ONS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Indicate very clearly the limts of al
hazardous | ocations. Edit the |ast sentence for
actual equi pnent required in hazardous | ocations.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

El ectrical materials, equipnment, and devices for installation in hazardous
| ocations, as defined by NFPA 70: specifically approved by Underwriters'
Laboratories, Inc., or Factory Mitual for particular "Cass," "D vision,"
and "G oup" of hazardous |ocations involved. Boundaries and
classifications of hazardous |ocations: as indicated. Equipnent in
hazardous | ocations: conply with UL 1203 for electrical equiprment and

i ndustrial controls and UL 674 for notors.

]2.30 MANUFACTURER S NAMEPLATE
Provi de on each item of equi pnent a nanepl ate bearing the manufacturer's
nane, address, nodel nunber, and serial nunber securely affixed in a

conspi cuous place; the naneplate of the distributing agent will not be
acceptable.

2.31 FI ELD FABRI CATED NAMEPLATES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use the follow ng paragraph where nanepl at es
are fabricated to identify specific equi pment
designated on the drawi ngs. Provide note on

panel board schedules to indicate where red | abels
are required.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide field fabricated nameplates in accordance with the foll ow ng:
a. ASTM Dr709.

b. Provide |am nated plastic naneplates for each equi pnent encl osure,
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relay, switch, and device; as specified or as indicated on the draw ngs.

c. Each naneplate inscription: identify the function and, when
applicable, the position.

d. Naneplates: nelanmine plastic, 3 mm 0.125 inch thick, white with
[ bl ack] [ ] center core.

[ e« Provide red lanminated plastic [abel with white center core where
indicated.

] f. Surface: natte finish. Corners: square. Accurately align lettering
and engrave into the core.

g. Mnimmsize of naneplates: 25 by 65 nmone by 2.5 inches.

h. Lettering size and style: a mninmmof 6.35 nm0.25 inch high nornal
bl ock style.

2.32 WARNI NG SI GNS

Provide warning signs for flash protection in accordance with NFPA 70E and
NEMA Z535.4 for swi tchboards, panel boards, industrial control panels, and
nmotor control centers that are in other than dwelling occupancies and are
likely to require exam nation, adjustnent, servicing, or maintenance while
energized. Provide field installed signs to warn qualified persons of
potential electric arc flash hazards when warning signs are not provided by
the manufacturer. Provide marking that is clearly visible to qualified
persons before exam nation, adjustnment, servicing, or maintenance of the
equipment.

2.33 FI RESTOPPI NG MATERI ALS

Provide firestopping around el ectrical penetrations in accordance wth
Section 07 84 00, FIRESTOPPI NG .

2.34  WIREWAYS

UL 870. Material: steel[ epoxy painted][ galvanized] 16 gauge for heights
and depths up to 150 by 150 mm 6 by 6 inches, and 14 gauge for heights and
depths up to 305 by 305 nm 12 by 12 inches. Provide in length[ indicated]]|
required for the application] with[ hinged-][ screw] cover NEMA] 1][ 3R]

12] encl osure per NEMA | CS 6.

[2.35 METERING

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include "netering" information when a

si ngl e- phase self contai ned neter base is required.
Coordinate with Section 26 12 21 S| NGE- PHASE

PAD- MOUNTED TRANSFORMER and Section 33 71 01
OVERHEAD TRANSM SSI ON AND DI STRI BUTI ON.  Appropri ate
ver bi age should be added to identify the exterior
equi pnent (such as netering, supports, and

di sconnect switches) that would then be covered by
this section. Wen a three-phase service is

desi gned, nodify neter requirenents accordingly.

For the Air Force, delete this option and use
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Section 26 27 13.10 30 ELECTRI C METERS

For the Navy, delete this option and use Section
26 27 14.00 20 ELECTRICITY METERI NG

*% *% *% *% *% *% *% *% *% *% *% *% *%%

ANSI Cl2.1. Provide a self-contained, socket-nmounted, electronic
programuabl e out door watthour neter. Meter: either programred at the
factory or progranmed in the field. Turn field progranm ng device over
the Contracting O ficer at conpletion of project. Coordinate nmeter to
system requirenents.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Form 2S, in text below, is for single-phase,
three-wire systens. For other system configurations,
determ ne the appropriate form designation. d ass
200 nmeters are for 100A and 200A servi ces.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. Design: Provide watthour neter designed for use on a singl e-phase,
three-wire,[ 240/ 120][ 480/240] volt system |Include necessary KYZ
pul se initiation hardware for Energy Monitoring and Control System
(EMCS).

to

b. dass: 200; Form [ 29| ], accuracy: plus or mnus 1.0 percent;

Finish: dass |1

c. Cover: Polycarbonate and | ockable to prevent tanpering and
unaut hori zed renoval .

d. Kilowatt-hour Register: five digit electronic progranmmabl e type.
e. Denand Register:

(1) Provide solid state.

(2) Meter reading nultiplier: Indicate nultiplier on the nmeter face.

(3) Demand interval length: progranmred for[ 15][ 30][ 60] ninutes
with rolling demand up to six subintervals per interval.

f. Socket: ANSI Cl2.7. Provide NEMA Type 3R, box-nounted socket,
ringless, having[ nmanual circuit-closing bypass and having] jaws
conpatible with requirements of the meter. Provide manufacturers
standard encl osure col or unless otherw se indicated.

2.36 METER BASE ONLY

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use METER BASE ONLY paragraph for projects
where nmeters are not currently required, but may be
required in the future, for exanple, nilitary
housi ng units.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

ANSI Cl12.7. Provide NEMA Type 3R, box-nounted socket, ringless, having
jaws conpatible with requirenents of a class: 200 and Form [ 2S][__
sel f contained watthour nmeter. Provide gray plastic closing cover and
bypass |inks. Provide nanufacturers standard encl osure col or unl ess
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ot herwi se i ndi cat ed.

12.37 SURGE PROTECTI VE DEVI CES

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Surge protection should be provided for the
followi ng types of facilities: Medical facilities;
Air navigation aids and facilities; Petroleum oi
and lubricant (PCOL) storage and dispensing
facilities; Critical utility plants and systens;
Conmmmuni cation facilities and tel ephone exchanges;
Fire stations, including fire alarm fire control
and radi o equi pnent; Critical conmputer autonatic
data processing facilities; Air traffic control
facilities; Base weather stations; Surveillance and
warning facilities; Comrand and control facilities;
Weapon systens; Security lighting systens; M ssion
property and |ife support facilities at renote and
not readily accessible sites.

Consi der surge protection for all types of
facilities located in regions with a high Iightning
strike probability (refer to | EEE C62.41.1 and
C62.41.2) and facilities |ocated near comerci al
utility systens with routine substation capacitor
switching.

Refer to UFC 3-520-01 for additional criteria.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: \Whenever possible, connect surge protectors
to a spare circuit breaker in the associated panel
Locate the surge protectors inmedi ately adjacent to
t he protected equi pnent.

It is not necessary to provide surge protection on
all panel boards; the selection of which panel boards
shoul d have surge protective devices depends on the
i mportance of the |oads served and the sensitivity
of electronic equiprment connected to the circuits.

Swi tching | oads such as notor control centers should
have surge protection to linmt the transm ssion of
switching transients to the rest of the facility.

HVAC equi prent usually contain electronic controls
that are sensitive to surges.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de parallel type surge protective devices (SPD) which conmply with
UL 1449 at the service entrance[, |load centers] [, panelboards] [, MCC
[and] [__ ]. Provide surge protectors in a NEMA[ 1][ __ ] encl osure per
NEMA ICS 6. Use Type 1 or Type 2 SPD and connect on the |oad side of a
dedi cated circuit breaker.

Provi de the follow ng nodes of protection:

FOR SI NGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMs-
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Phase to phase ( L-L )

Each phase to neutral ( L-N)
[Neutral to ground ( NNG)]

[ Phase to ground ( L-G)]

FOR DELTA CONNECTI ONS-
Phase to phase ( L-L )
Phase to ground ( L-G)

] SPDs at the service entrance: provide with a mnimmsurge current rating
of 80,000 anperes for L-L node nmininumand 40,000 anperes for other nodes
(L-N, L-G and NG| and downstream SPDs rated 40,000 anperes for L-L node
m ni num and 20, 000 anperes for other nodes (L-N, L-G and NG ].
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NOTE: Select the first bracketed section bel ow when
surge protection is installed as part of a lightning
protection system per NFPA 780. Select the second
bracketed option below if the surge protection is
not part of a lightning protection system the
second bracketed option val ues are based on

manuf acturers' standard products and are not as
restrictive as NFPA 780.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[ Provide SPDs per NFPA 780 for the lightning protection system
Maxi mum L-N, L-G and N-G Vol tage Protection Rating:

[ 600V for 120V, single phase systeni

[ 600V for 120/ 240V, single phase system

[ 600V for 208Y/ 120V, three phase system

[ 1,200V for 480Y/ 277V, three phase systeni

Maxi mum L-L Vol tage Protection Rating:

[ 1,200V for 120V, single phase system

[ 1,200V for 120/ 240V, single phase systeni
[ 1,200V for 208Y/ 120V, three phase systeni
[ 1,200V for 480Y/ 277V, three phase systeni

[ Provide SPDs. Maximum L-N, L-G and N-G Voltage Protection Rating:

[ 700V for 120V, single phase systeni

[ 700V for 120/ 240V, single phase system

[ 700V for 208Y/ 120V, three phase system

[ 1, 200V for 480Y/ 277V, three phase systeni

Maxi mum L-L Vol tage Protection Rating:

[ 1,200V for 120V, single phase system

[ 1,200V for 120/ 240V, single phase systeni
[ 1,200V for 208Y/ 120V, three phase systeni
[ 2,000V for 480Y/ 277V, three phase systeni

] The ni ni mum MCOV (Maxi num Conti nuous Operating Voltage) rating for L-N and

L- G nodes of operation: 120% of nominal voltage for 240 volts and bel ow,
115% of noni nal vol tage above 240 volts to 480 volts.
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*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Provide EM/RFI filtering when required by
proj ect documrents.
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[ Provide EM/RFI filtering per UL 1283 for each node with the capability to
attenuate high frequency noise. Mninmm attenuation: 20db

]12.38 FACTORY APPLI ED FI NI SH

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: This paragraph covers only the basic painting
requirenents for nost electrical equipnent. |nclude
any special finishes for high or |ow tenperatures
and corrosive atnospheres.
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Provide factory-applied finish on electrical equipment in accordance with
the foll ow ng:

a. NEMA 250 corrosion-resistance test and the additional requirenments as
speci fied herein.

b. Interior and exterior steel surfaces of equipnent encl osures:
t horoughly cl eaned foll owed by a rust-inhibitive phosphatizing or
equi val ent treatnment prior to painting.

c. Exterior surfaces: free fromholes, seans, dents, weld marks, | oose
scal e or other inperfections.

d. Interior surfaces: receive not |ess than one coat of
corrosion-resisting paint in accordance with the manufacturer's
standard practice.

e. Exterior surfaces: prinmed, filled where necessary, and given not |ess
than two coats baked enanel with senigloss finish.

f. Equi pnrent |ocated indoors: ANSI Light Gay,[ and equi prent | ocated
outdoors: ANSI[ Light Gay][ Dark Gay]].

g. Provide nanufacturer's coatings for touch-up work and as specified in
par agraph FlI ELD APPLI ED PAI NTI NG

2.39 SOURCE QUALI TY CONTRCL

2.39.1 Transformer Factory Tests
Submttal: include routine NEMA ST 20 transforner test results on each
transformer and al so provide the results of NEMA "design" and "prototype"
tests that were made on transformers electrically and nechanically equal to
those specifi ed.

[2.40 COORDI NATED POVWER SYSTEM PROTECTI ON

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Do not use on Navy projects.

NOTE: The requirenent for studies in this paragraph
depends on the conplexity and extent of the power
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system Delete this requirenment for projects of
limted scope, projects having protective devices
whi ch are not adjustable or for which coordination
i s not possible (standard nol ded case circuit
breakers); projects involving sinple extension of
600 volt level service to a building or facility
froman existing transformer (750 kVA or less); or
projects involving sinple extension of 600 volt

| evel service to a building or facility froma new
transformer (750 KVA or |ess).

*% *% *% *% *% *% *% *% *% *% *%%

Prepare anal yses as specified in Section 26 28 01.00 10 COORDI NATED POVER
SYSTEM PROTECTI ON

] PART 3  EXECUTI ON

3.1 INSTALLATION

El ectrical installations, including weatherproof and hazardous | ocations
and ducts, plenunms and ot her air-handling spaces: conformto requirenents
of NFPA 70 and | EEE C2 and to requirenments specified herein.

[3.1.1 Under ground Servi ce
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NOTE: Choose this paragraph or the paragraph
OVERHEAD SERVI CE. When using this paragraph,
designer may insert additional details describing
the specific project.

*% *% *% *% *% *% *% *% *% *%%

Under ground service conductors and associ ated conduit: continuous from
service entrance equi pnent to outdoor power system connection

I 3.1.2 Over head Service

Il
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NOTE: Use Section 33 71 01 OVERHEAD TRANSM SSI ON
AND DI STRI BUTI ON for overhead service requirenents
(typical throughout this section).

*% *% *% *% *% *% *% *% *%%

Overhead service conductors into buildings: termnate at service entrance
fittings or weatherhead outside building. Overhead service conductors and
support bracket for overhead conductors are included in[ Section 33 71 01

OVERHEAD TRANSM SSI ON AND DI STRI BUTI ON. ]

3.1.3 Hazar dous Locati ons

Perform work in hazardous | ocations, as defined by NFPA 70, in strict
accordance with NFPA 70 for particular "Class," "Division," and "G oup" of
hazardous | ocations involved. Provide conduit and cabl e seals where
required by NFPA 70. Provide conduit with tapered threads.

13.1.4 Service Entrance ldentification

Service entrance di sconnect devices, switches, and enclosures: |abeled and
identified as such.
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3.1.4.1 Labels

Wherever work results in service entrance di sconnect devices in nore than
one enclosure, as permtted by NFPA 70, |abel each encl osure, new and

exi sting, as one of several enclosures containing service entrance

di sconnect devices. Label, at mininmum indicate nunber of service

di sconnect devi ces housed by encl osure and indicate total number of

encl osures that contain service disconnect devices. Provide |amnated
plastic | abels conforning to paragraph FlI ELD FABRI CATED NAMEPLATES. Use
lettering of at least 6.35 nmm 0.25 inch in height, and engrave on

bl ack-on-white matte finish. Service entrance di sconnect devices in nore
than one encl osure: provided only as pernmitted by NFPA 70.

3.1.5 Wring Methods

Provi de insulated conductors installed in rigid steel conduit, IMC rigid
nonnetal lic conduit, or EMI, except where specifically indicated or
specified otherwi se or required by NFPA 70 to be installed otherw se.
Groundi ng conductor: separate fromelectrical system neutral conductor
Provi de insul ated green equi pnent groundi ng conductor for circuit(s)
installed in conduit and raceways.[ Shared neutral, or nulti-wire branch
circuits, are not permtted with arc-fault circuit interrupters.] M ninmm
conduit size: 16 mm 1/2 inch in dianmeter for |ow voltage |lighting and
power circuits. Vertical distribution in nmultiple story buildings: nmade
with netal conduit in fire-rated shafts, with nmetal conduit extending

t hrough shafts for mininmumdistance of 150 mm 6 inches. Firestop conduit
whi ch penetrates fire-rated walls, fire-rated partitions, or fire-rated
floors in accordance with Section 07 84 00, FlIRESTOPPI NG

3.1.5.1 Pull Wre
Install pull wires in enpty conduits. Pull wire: plastic having mininm
890- N 200-pound force tensile strength. Leave mni mum 915 mm 36 i nches of
slack at each end of pull wre.

[3.1.5.2 Metal Clad Cabl e
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NOTE: Type MC cable is UL listed; NFPA 70 is
recogni zed for nost comon buil di ng applications.
MC cabl e does not protect conductors as well as
rigid conduit but is nore flexible to install and
relocate.
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Install in accordance with NFPA 70, Type MC cabl e.

I 3.1.5.3 Arnored Cabl e
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NOTE: Type AC cable has nore restricted
applications than MC cable but offers the sane
advant ages. Revi ew NFPA 70.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Install in accordance with NFPA 70, Type AC cabl e.

SECTION 26 20 00 Page 61



I 3.1.5. 4 Fl at Conductor Cable
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NOTE: Type FCC cable has been listed by UL and
recogni zed by NFPA 70 for under carpet tile
applications. FCC cable is available off the shelf
for power, and tel ecomunications transm ssion
applications
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Install in accordance with NFPA 70, Type FCC cable.

1]3.1.6 Conduit Installation
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NOTE: Whiere exposed conduit is installed and

subj ect to vandalismor msuse, such as in toilet or
| ocker roons, do not allow perpendicular or right
angle to ceiling structural nenbers. Provide
details on drawings to identify special treatnents
or offsets as needed.
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Do not install exposed conduit systems in inmate
housi ng areas and other areas normally accessible to
i nmates unl ess such installations are specifically

i ndi cated. Where exposed conduit is indicated,
provide rigid netallic type conduit and cast
net al -type outl et boxes with threaded hubs. |nstal
conduits flat against wall; offsets or "kicks" are
permitted only to enter outlet box. Support
conduits on 1525 nm 5 foot maxi mum centers and within
305 mm 12 inches of each outlet box using two-hole
conduit straps attached to surface with nonrenovabl e
break of f security type bolts.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Unl ess indicated otherw se, conceal conduit under floor slabs and within
finished walls, ceilings, and floors. Keep conduit mininmm 150 nm 6 inches
away fromparallel runs of flues and steamor hot water pipes. Instal
conduit parallel with or at right angles to ceilings, walls, and structura
menbers where | ocated above accessible ceilings and where conduit wll be
visible after conpletion of project.[ Run conduits[ in craw space][ under
floor slab] as if exposed.]

3.1.6.1 Restrictions Applicable to Al um num Conduit
a. Do not install underground or encase in concrete or nmasonry.
b. Do not use brass or bronze fittings.

c. Do not use when the enclosed conductors nust be shielded fromthe
effects of High-altitude El ectromagnetic Pul se (HEMP)

3.1.6.2 Restrictions Applicable to EMM

a. Do not install underground.
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b. Do not encase in concrete, nortar, grout, or other cenentitious
materials.

c. Do not use in areas subject to severe physical damage including but not
limted to equi pmrent roons where noving or replacing equi pnent could
physi cal | y damage t he EM.

d. Do not use in hazardous areas.

e. Do not use outdoors.

f. Do not use in fire punp roons.

g. Do not use when the encl osed conductors mnmust be shielded fromthe
effects of High-altitude El ectromagnetic Pul se (HEMP)

[3.1.6.3 Restrictions Applicable to Nonnetallic Conduit
a. PVC Schedul e 40 and PVC Schedul e 80
(1) Do not use in areas where subject to severe physical danage,
i ncluding but not Iimted to, mechanical equipment roons,
el ectrical equi pnment roons, hospitals, power plants, missile
magazi nes, and other such areas.
(2) Do not use in hazardous (classified) areas.

(3) Do not use in fire punp roonmns.

(4) Do not use in penetrating fire-rated walls or partitions, or
fire-rated floors.

(5) Do not use above grade, except where allowed in this section for
rising through floor slab or indicated otherw se.

(6) Do not use when the encl osed conductors nust be shielded fromthe
effects of High-altitude El ectromagnetic Pul se (HEMP)
13.1.6.4 Restrictions Applicable to Fl exible Conduit
Use only as specified in paragraph FLEXI BLE CONNECTI ONS. Do not use when
the encl osed conductors nust be shielded fromthe effects of High-altitude

El ectromagneti ¢ Pul se (HEMP)

3.1.6.5 Under ground Condui t

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Soil conditions in some |ocations require

t hat underground conduit be supported to prevent
damage due to settlement. The designer determnes
if the problemexists, and, if so, determnines the
best nethod for supporting the conduit.

*% *% *% *% *% *% *% *% *% *% *% *%%

Plastic-coated rigid steel; plastic-coated steel |IMC PVC, Type EPC- 40[; or
fiberglass. Convert nonnetallic conduit, other than PVC Schedul e 40 or 80,
to plastic-coated rigid, or IMC, steel conduit before rising through floor
slab.] Plastic coating: extend mnimm 150 nmm 6 inches above fl oor
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[3.1.6.6 Conduit Interior to Buildings for 400 Hz Circuits

Al um num or nonnetallic. Where 400-Hz circuit runs underground or through
concrete, provide PVC Schedul e[ 40][ 80] conduit.

13.1.6.7 Conduit for Circuits Rated Greater Than 600 Volts
Rigid metal conduit or | MC only.

3.1.6.8 Conduit Installed Under Floor S| abs

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Designer nust closely coordinate with the
design of building floor slab and soil conditions
and eval uate the acceptability of conduit being
installed directly beneath the fl oor slab. Consider
whet her it will be necessary to support conduit in
case of soil settlenment problens and vapor barrier
penetrations. Provide details on the drawings to
clarify specification.
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Conduit run under floor slab: located a minimumof [305] [__
[ ] inches bel ow the vapor barrier. Seal around conduits at
penetrations thru vapor barrier

] mm [12]

3.1.6.9 Condui t Through Fl oor Sl abs

Where conduits rise through floor slabs, do not allow curved portion of
bends to be visible above finished sl ab.

[3.1.6.10 Conduit Installed in Concrete Floor Slabs

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: When this option is included, (such as in
BEQ s and simlar projects with precast planks and
toppi ng slabs), indicate specific |locations and
provide installation details on the electrica
drawi ngs. Electrical designer must closely
coordinate this information with the designer of the
slab to ensure that slab thickness, conduit

pl acenent/ separation, and reinforcenment spacing is
sufficient to neet requirenents of this paragraph
Do not specify nmetal conduit in concrete that
contains coral aggregate or is made with salt or
brackish water. This type of concrete is rarely
allowed.

For Navy projects, use second bracketed option
l[imting conduit type to PVC EPC-40, unless required
otherwi se for medical facilities.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Rigid steel; steel IM fiberglass, or PVC, Type EPC-40.][PVC, Type

EPC- 40, unless indicated otherwise.] Locate so as not to adversely affect
structural strength of slabs. Install conduit within middle one-third of
concrete slab.[ Do not stack conduits.][ Do not stack conduits nore than
two dianeters high with mninmumvertical separation of | ] mminches.]
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Space conduits horizontally not closer than three dianeters, except at
cabinet locations. Curved portions of bends nust not be visible above
finish slab. Increase slab thickness as necessary to provide mni nrum25 nm
one inch cover over conduit. \Were enbedded conduits cross building and/or
expansi on joints, provide suitable watertight expansion/deflection fittings
and bondi ng junpers. Expansion/deflection fittings nust allow horizontal
and vertical novenent of raceway. Conduit |arger than 27 mm one inch trade
size: installed parallel with or at right angles to main reinforcenent;
when at right angles to reinforcenent, install conduit close to one of
supports of slab.[ Were nonnmetallic conduit is used, convert raceway to
plastic coated rigid steel or plastic coated steel |IMC before rising above
floor, unless specifically indicated.]

13.1.6.11 Stub-Ups

Provi de conduits stubbed up through concrete floor for connection to
free-standi ng equi pnent with adjustable top or coupling threaded inside for
pl ugs, set flush with finished floor. Extend conductors to equipnent in
rigid steel conduit, except that flexible netal conduit may be used 150 nm
6 i nches above floor. Were no equi pnment connections are made, instal
screwdri ver-operated threaded flush plugs in conduit end.

3.1.6.12 Condui t Support

Support conduit by pipe straps, wall brackets, threaded rod conduit

hangers, or ceiling trapeze. Fasten by wood screws to wood; by toggle bolts
on holl ow masonry units; by concrete inserts or expansion bolts on concrete
or brick; and by machi ne screws, welded threaded studs, or spring-tension
cl anps on steel work. Threaded C-clanps may be used on rigid steel conduit
only. Do not weld conduits or pipe straps to steel structures. Do not
exceed one-fourth proof test load for load applied to fasteners. Provide
vi bration resistant and shock-resistant fasteners attached to concrete
ceiling. Do not cut main reinforcing bars for any holes cut to depth of
more than 40 mm 1 1/2 inches in reinforced concrete beans or to depth of
nmore than 20 mm 3/4 inch in concrete joints. Fill unused holes. In
partitions of light steel construction, use sheet netal screws. 1In
suspended-cei ling construction, run conduit above ceiling. Do not support
conduit by ceiling support system Conduit and box systems: supported

i ndependently of both (a) tie wires supporting ceiling grid system and (b)
ceiling grid systeminto which ceiling panels are placed. Do not share
supporting nmeans between el ectrical raceways and nmechani cal piping or

ducts. Coordinate installationwi th above-ceiling nechanical systens to
assure maxi mum accessibility to all systens. Spring-steel fasteners may be
used for lighting branch circuit conduit supports in suspended ceilings in
dry locations.| Support exposed risers in wire shafts of nultistory
bui I di ngs by U-clanmp hangers at each floor |evel and at 3050 mm 10 f oot

maxi mumintervals.] Were conduit crosses building expansion joints,
provide suitable[ watertight] expansion fitting that naintains conduit

el ectrical continuity by bonding junpers or other nmeans. For conduits
greater than 63 M 2 1/ 2 inches inside dianmeter, provide supports to resist
forces of 0.5 tines the equipnent weight in any direction and 1.5 tines the
equi prrent wei ght in the downward direction

3.1.6.13 Directional Changes in Conduit Runs
Make changes in direction of runs with symetrical bends or cast-netal
fittings. Mke field-nmade bends and offsets with hickey or conduit-bending

machine. Do not install crushed or deforned conduits. Avoid trapped
conduits. Prevent plaster, dirt, or trash fromlodging in conduits, boxes,
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fittings, and equi pnent during construction. Free clogged conduits of
obstructions.

3.1.6.14 Locknuts and Bushi ngs

Fasten conduits to sheet metal boxes and cabinets with two | ocknuts where
required by NFPA 70, where insulated bushings are used, and where bushings
cannot be brought into firmcontact with the box; otherw se, use at |east
m ni mum si ngl e | ocknut and bushing. Provide |ocknuts with sharp edges for
digging into wall of metal enclosures. Install bushings on ends of
conduits, and provide insulating type where required by NFPA 70.

3.1.6.15 Fl exi bl e Connecti ons
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NOTE: For Navy projects, do not use flexible
nonnetal i c conduit.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide flexible steel conduit between 915 and 1830 nm 3 and 6 feet in

Il ength for recessed and senirecessed lighting fixtures[; for equipnent
subject to vibration, noise transm ssion, or novement; and for notors].
Install flexible conduit to allow 20 percent slack. Mninmumflexible stee
conduit size: 16 mm 1/2 inch diameter. Provide |liquidtight flexible[
nonnetal lic] conduit in wet and danp locations[ and in fire punp roons] for
equi prent subject to vibration, noise transm ssion, novenent or notors.
Provi de separate ground conductor across flexible connections.

3.1.6.16 Tel econmuni cati ons and Si gnal System Pat hway

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For guidelines on conduit sizing, see UFC
3-580- 01, "Tel econmuni cations Buil ding Cabling
System Pl anni ng, Design" and NFPA 70.

*% *% *% *% *% *% *% *%%

Install tel ecommunications pathway in accordance with TIA-569

a. Horizontal Pathway: Tel ecomrunications pathways fromthe work area to
the tel econmuni cations room installed and cabling length requirenents
in accordance with TIA-568-C.1 . Size conduits[, wireways][, and cable
trays] in accordance with TIA-569 [ and][ as indicated].

b. Backbone Pat hway: Tel econmuni cati on pathways fromthe
tel econmuni cations entrance facility to tel ecomrunications roons, and,
t el econmuni cati ons equi pnent roons (backbone cabling): installed in
accordance with TIA-569 . Size conduits[, wi reways][, and cable trays]
for tel ecommunications risers in accordance with TIA-569 [ and][ as
indicated].

[3.1.6.17 Conmmuni ty Antenna Tel evi sion (CATV) System Conduits

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose the bracketed item dependi ng on the
CATV system design. Delete this paragraph if an
enpty conduit CATV systemis not used.
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Install a system of CATV wire-supporting structures (pathway), including:
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outl et boxes, conduits with pull wires[ wireways,][ cable trays,] and ot her
accessories for CATV outlets and pathway in accordance with TIA-569 .

[ Provide distribution systemw th star topology with enpty conduit and
pullwire fromeach outlet box to the tel ecomuni cati ons room and enpty
conduit and pullwire fromeach tel ecomuni cations roomto the headend

equi pnent | ocation][Provide distribution systemw th star topology with
enpty conduit and pullwire fromeach outlet to the headend equi pnent
location].

13.1.7 Busway | nstallation

Il

Conply at minimumw th NFPA 70. Install busways parallel with or at right
angles to ceilings, walls, and structural nenbers. Support busways at 1525
mm 5 foot maxi mumintervals, and brace to prevent |ateral novenent.

Provide fixed type hinges on risers; spring-type are unacceptable. Provide
fl anges where busway nakes penetrations through walls and floors, and sea
to maintain snoke and fire ratings. Provide waterproof curb where busway
riser passes through floor. Seal gaps with fire-rated foam and caul k.
Provi de expansion joints, but only where bus duct crosses building
expansion joints. Provide supports to resist forces of 0.5 tines the

equi prrent weight in any direction and 1.5 times the equi prent weight in the
downwar d direction.

.1.8 Cable Tray Installation
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NOTE: For Navy projects, use the second bracketed
paragraph. Include bracketed second sentence where
cable tray is used for tel ecomunications system

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Install and ground in accordance with NFPA 70.[ 1In addition, install and
ground tel ecommunications cable tray in accordance with TIA-569 , and TIA-607
]. Install cable trays parallel with or at right angles to ceilings,

wal | s, and structural menbers. Support[ in accordance with manufacturer
recomendations but at not nore than [1830] [ ] mMmm[6] [
intervals][ as indicated].[ Coat contact surfaces of al unm num connections
with an antioxi dant compound prior to assenbly.] Adjacent cable tray
sections: bonded together by connector plates of an identical type as the
cable tray sections. For grounding of cable tray system provide No. 2 AWG
bare copper wire throughout cable tray system and bond to each section
except use No. 1/0 aluminumwre if cable tray is alum num Terninate
cable trays 255 mm 10 inches from both sides of snoke and fire partitions.
Install conductors run through snoke and fire partitions in 103 nm4 inch
rigid steel conduits with groundi ng bushi ngs, extending 305 mm 12 inches
beyond each side of partitions. Seal conduit on both ends to naintain
snmoke and fire ratings of partitions. Firestop penetrations in accordance
with Section 07 84 00, FIRESTOPPING Provide supports to resist forces of
0.5 tinmes the equi pnent weight in any direction and 1.5 tines the equi pnent
wei ght in the downward direction

Install cable trays parallel with or at right angles to ceilings, walls,
and structural menbers. Support[ as indicated][ at maxinum[1830] [ ]
mm[6] [ ] foot] intervals.[ In addition, install and ground

tel econmuni cations cable tray in accordance with TIA-569 , and TIA-607 ]|
Coat contact surfaces of alunmi num connections with an anti oxi dant conpound
prior to assenbly.] Ensure edges, fittings, and hardware are finished free
fromburrs and sharp edges. Provide No. 2 AWG bare copper wire throughout
cable tray system and bond to each section. Use No. 1/0 aluminumwre if
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cable tray is aluminum Install conductors that run though snoke and fire
partitions in 103 mm 4 inch rigid steel conduits w th groundi ng bushing,
extending 305 nm 12 i nches beyond each side of partitions. Seal conduit on
both ends to maintain snoke and fire ratings of partitions. Provide
supports to resist forces of 0.5 tines the equi pnent weight in any
direction and 1.5 times the equi pment weight in the downward direction

113.1.9 Tel econmuni cati ons Cabl e Support Installation
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NOTE: Utilze open tel ecommunications cable supports
( J-Hooks / J-Supports / D-rings) only as
specifically permtted in UFC 3-580-01

Tel econmuni cati ons, Buil ding Cabling System
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Install open top and closed ring cable supports on 1.2 m4 ft to 1.5 m5 ft
centers to adequately support and distribute the cable’'s weight. Use these
types of supports to support a maxi mumof 50 6.4 nm 0. 25 in dianeter

cables. Install suspended cables with at least 75 nm3 in of clear

vertical space above the ceiling tiles and support channels (T-bars). Open
top and closed ring cable supports: suspended fromor attached to the
structural ceiling or walls with hardware or other installation aids
specifically designed to support their weight.

13.1.10 Boxes, CQutlets, and Supports

Provi de boxes in wiring and raceway systems wherever required for pulling
of wires, making connections, and nmounting of devices or fixtures. Boxes
for metallic raceways: cast-netal, hub-type when located in wet |ocations,
when surface nounted on outside of exterior surfaces,[ when surface nounted
on interior walls exposed up to 2135 mm 7 feet above floors and wal kways, ][
or when installed in hazardous areas] and when specifically indicated.
Boxes in other locations: sheet steel, except that alum num boxes may be
used with alum num conduit, and nonnetallic boxes may be used with

nonnetal lic[ sheathed cable] conduit system Provide each box with vol une
required by NFPA 70 for nunber of conductors enclosed in box. Boxes for
mounting lighting fixtures: nmininmm 100 nm 4 inches square, or octagonal
except that smaller boxes may be installed as required by fixture
configurations, as approved. Boxes for use in masonry-block or tile

wal | s:  square-cornered, tile-type, or standard boxes having
square-cornered, tile-type covers. Provide gaskets for cast-netal boxes
installed in wet |ocations and boxes installed flush with outside of
exterior surfaces. Provide separate boxes for flush or recessed fixtures
when required by fixture term nal operating tenperature; provide readily
removabl e fixturesfor access to boxes unless ceiling access panels are
provi ded. Support boxes and pendants for surface-nounted fixtures on
suspended ceilings independently of ceiling supports. Fasten boxes and
supports with wood screws on wood, with bolts and expansion shields on
concrete or brick, with toggle bolts on hollow masonry units, and with
machi ne screws or wel ded studs on steel.[ Threaded studs driven in by
powder charge and provided with | ockwashers and nuts[ or nail-type nylon
anchors] nmay be used in lieu of wood screws, expansion shields, or nmachine
screws.] | n open overhead spaces, cast boxes threaded to raceways need not
be separately supported except where used for fixture support; support
sheet netal boxes directly frombuilding structure or by bar hangers.

Where bar hangers are used, attach bar to raceways on opposite sides of
box, and support raceway wi th approved-type fastener maxi rum 610 mm 24
inches frombox. Wen penetrating reinforced concrete nenbers, avoid
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cutting reinforcing steel
3.1.10.1 Boxes

Boxes for use with raceway systens: mnimum40 mm1 1/2 inches deep,

except where shall ower boxes required by structural conditions are
approved. Boxes for other than lighting fixture outlets: mininmm 100 mMm 4
i nches square, except that 100 by 50 nrm 4 by 2 inch boxes may be used where
only one raceway enters outlet. Telecomunications outlets: a nininmm of][
100 mm square by 54 mm deep][ 120 nm square by 54 mm deep][ 4 inches square
by 2 1/8 inches deep][ 4 11/16 inches square by 2 1/8 inches deep][, except
for [wall nounted tel ephones] [and] [outlet boxes for handicap tel ephone
stations]]. Mount outlet boxes flush in finished walls.

3.1.10.2 Pul | Boxes

Construct of at |east mninmumsize required by NFPA 70[ of code-gauge

al um num or gal vani zed sheet steel,][ and][ conpatible with nonnetallic
raceway systens,] except where cast-netal boxes are required in |ocations
specified herein. Provide boxes with screwfastened covers. Were severa
feeders pass through comon pull box, tag feeders to indicate clearly

el ectrical characteristics, circuit nunber, and panel designation

[3.1.10.3 Ext ensi on Ri ngs
Extension rings are not permitted for new construction. Use only on
exi sting boxes in concealed conduit systens where wall is furred out for

new fini sh.

13.1.11 Mounti ng Hei ghts
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NOTE: | n Hazardous Areas extending up to 455 nmm 18

i nches above the finished floor, the nmounting hei ght
of receptacles that are not expl osion-proof, must be
neasured to the bottom of the outlet box in lieu of

to the center. Coordinate the nmounting height with

t he height indicated on the drawi ngs and use the

| ast bracketed sentence.
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Mount panel boards,[ enclosed] circuit breakers,[ motor controller] and

di sconnecting switches so height of operating handle at its highest
position is maxi mum 1980 mm 78 i nches above floor. Munt lighting
swi t ches[ and handi capped tel ecomruni cations stations][ 1220 nm 48 i nches
above finished floor]. Munt receptacles[ and tel ecomuni cations outl ets]
460 nm 18 i nches above finished floor[, unless otherw se indicated].]

Wal | -mount ed tel econmuni cations outlets: nounted at height[ 1525 nm 60

i nches above finished floor][ indicated].] [ Munt other devices as
indicated.][ Measure nmounting heights of wiring devices and outlets[ in
non- hazardous areas ]Jto center of device or outlet.][ Measure nounting
hei ghts of receptacle outlet boxes in the[ hazardous area]| ] to the
bottom of the outlet box.]

[3.1.12 Nonnetal | i ¢ Sheat hed Cable Installation
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NOTE: Use this paragraph only when Type NM or NMC
cabl e is indicated.
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Where possible, install cables conceal ed behind ceiling or wall finish
Thread cabl es through hol es bored on approximate centerline of wood
menbers; notching of end surfaces is not pernitted. Provide sleeves
through concrete or masonry for threading cables. Install exposed cables
parallel to or at right angles to walls or structural nenbers. Protect
exposed nonnetal lic sheathed cables |l ess than 1220 mm 4 feet above floors
fromnechanical injury by installation in conduit or tubing. Wen cable is
used in metal stud construction, insert plastic stud gromets in studs at
each point through which cabl e passes, prior to installation of cable.

I 3.1.13 M neral Insul ated, Metal Sheathed (Type M) Cable Installation
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NOTE: Type M cable used for |ow tenperature, high
tenperature, hazardous locations, |life safety, and
heating applications. Refer to NFPA 70. Cearly
show on drawi ngs the M cable. Consider surge
suppressors in hazardous | ocations and where high
voltage surges are likely. M cable is not avail able
in ratings above 600 volts.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

M neral -i nsul ated, netal -sheathed cabl e system Type M, nay be used in
lieu of exposed conduit and wiring. Conductor sizes: not |ess than those
indicated for the conduit installation. Fasten cables within 305 mm 12

i nches of each turn or offset and at 830 nm 33 i nches nmaxi mum i nterval s.
Make cable termi nations in accordance with NFPA 70 and cabl e manufacturer's
recomendati ons. Term nate single-conductor cables of a circuit, having
capacities of nore than 50 anperes, in a single box or cabinet opening.

Col or code individual conductors in all outlets and cabi nets.

]3.1.14  Conductor Identification

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Reference the section providing details of
identifying control circuit wiring. Use Section
23 09 53.00 20 SPACE TEMPERATURE CONTROL SYSTEMS
for hbvy projects only .

*% *% *% *% *% *% *% *% *% *% *% *%%

Provi de conductor identification within each enclosure where tap, splice,
or termnation is made. For conductors No. 6 AWG and sral |l er di aneter,
provi de col or coding by factory-applied, color-inpregnated insulation. For
conductors No. 4 AWG and | arger dianeter, provide col or coding by

pl astic-coated, self-sticking markers; colored nylon cable ties and pl ates;

or heat shrink-type sleeves. Identify control circuit termnations in
accordance with[ Section 23 09 53.00 20 SPACE TEMPERATURE CONTROL SYSTEMS. ]
[ Section | 1, [ ]11[ Section 23 09 00 | NSTRUVENTATI ON AND CONTROL

FOR HVAC][ manufacturer's recomendations].[ Provide teleconmunications
system conductor identification as specified in Section 27 10 00 BU LD NG
TELECOVMUNI CATI ONS CABLI NG SYSTEMS. ]

3.1.14. 1 Marking Strips
Provide marking strips in accordance with the foll ow ng:

a. Provide white or other light-colored plastic narking strips, fastened
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by screws to each term nal block, for wire designations.
b. Use permanent ink for the wire nunbers

c. Provide reversible marking strips to permt marking both sides, or
provide two marking strips with each bl ock

d. Size marking strips to acconmpdate the two sets of wire nunbers.

e. Assign a device designation in accordance with NEMA ICS 1 to each
device to which a connection is made. Mark each device termnal to
whi ch a connection is nade with a distinct termnal marking
corresponding to the wire designation used on the Contractor's
schemati ¢ and connection diagrans.

f. The wire (ternminal point) designations used on the Contractor's wiring
di agrams and printed on term nal block marking strips nay be according
to the Contractor's standard practice; however, provide additional wre
and cabl e designations for identification of renpte (external) circuits
for the Governnent's wire designations.

g. Prints of the nmarking strips drawi ngs submitted for approval will be so
mar ked and returned to the Contractor for addition of the designations
to the termnal strips and tracings, along with any rearrangenent of
poi nts required.

.1.15 Splices

Make splices in accessible |ocations. Mke splices in conductors No. 10
AWG and small er dianeter with insul ated, pressure-type connector. Make
splices in conductors No. 8 AWG and | arger dianmeter with sol derl ess
connector, and cover with insulation material equival ent to conductor
insulation.

.1.15.1 Splices of Al um num Conductors

Make with sol derless circunferential conpression-type, alunm num bodi ed
connectors UL listed for AL/CU.  Renove surface oxides from al um num
conductors by wire brushing and i medi ately apply oxide-inhibiting joint
compound and insert in connector. After joint is nmade, w pe away excess
joint conpound, and insulate splice.

[3.1.16 Term nating Al um num Conductors

3.1.16.1 Term nation to Copper Bus

Term nate al um num conductors to copper bus either by: (a) inline splicing
a copper pigtail, of anpacity at |east that of al um num conductor, or (b)
utilizing circunferential, conpression-type, alum num bodied term nal |ug
UL listed for AL/CU, and steel Belleville cadnm um plated hardened stee
spring washers, flat washers, bolts, and nuts. Carefully instal
Belleville spring washers with crowmn up toward nut or bolt head, with
concave side of Belleville bearing on heavy-duty, w de series flat washer
of larger dianeter than Belleville. Tighten nuts sufficiently to flatten
Belleville, and | eave in position. Lubricate hardware with joint conpound
prior to making connection. Wre brush and apply joint conmpound to
conductor prior to inserting in |ug.
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3.1.16.2 Term nation to Al um num Bus

Term nate al umi num conductors to al um num bus by using al um num nuts,
bolts, washers, and conpression lugs. Wre brush and apply joint compound
to conductor prior to inserting in lug. Lubricate hardware with joint
conmpound prior to nmaking connection. Wen bus contact surface is unplated,
scratch-brush and coat with joint conpound, w thout grit.

13.1.17 Covers and Device Pl ates

Install with edges in continuous contact with finished wall surfaces

wi thout use of mats or simlar devices. Plaster fillings are not
permtted. Install plates with alignnment tol erance of 0.58 nm 1/ 16 inch
Use of sectional-type device plates are not pernitted. Provide gasket for
plates installed in wet |ocations.

3.1.18 El ectrical Penetrations
Seal openings around el ectrical penetrations through fire resistance-rated
wal I's, partitions, floors, or ceilings in accordance with Section 07 84 00
FIRESTOPPING.

3.1.19 Groundi ng and Bondi ng

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use reference to NFPA 780 and | ast bracketed
sentence where lightning protection is provided. In
addition, size and indicate the grounding el ectrode
conductor in accordance with NFPA 780. Coordi nate
requirenents with Section 26 41 00 LI GHTNI NG
PROTECTI ON SYSTEM
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Provide in accordance with NFPA 70[ and NFPA 780]. G ound exposed,
non-current-carrying netallic parts of electrical equipnment,[ access
flooring support system] netallic raceway systens, grounding conductor in
metallic and nonnetal lic raceways, teleconmunications system grounds,

[ groundi ng conductor of nonnmetallic sheathed cables, ]and neutral conductor
of wiring systenms.[ Make ground connection at main service equi pment, and
extend groundi ng conductor to point of entrance of netallic water service.
Make connection to water pipe by suitable ground clanp or lug connection to
pl ugged tee. If flanged pipes are encountered, nmake connection with |ug
bolted to street side of flanged connection. Supplenment netallic water
service grounding systemwi th additional made el ectrode in conpliance with
NFPA 70.]1[ Make ground connection to driven ground rods on exterior of
building.][ [Interconnect all grounding media in or on the structure to
provide a comon ground potential. This includes |lightning protection

el ectrical service, tel ecommunications system grounds, as well as
underground netallic piping systens. Mke interconnection to the gas |line
on the custoner's side of the neter. Use nmain size |ightning conductors
for interconnecting these grounding systens to the |ightning protection
system] In addition to the requirenments specified herein, provide

t el econmuni cati ons groundi ng in accordance with TIA-607 . Were ground
fault protection is enployed, ensure that connection of ground and neutra
does not interfere with correct operation of fault protection

3.1.19.1 G ound Rods

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: Do not use chenically charged ground rods
wi t hout authorization of the [ocal Activity.
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Provi de cone pointed ground rods. Measure the resistance to ground using
the fall-of-potential method described in |EEE 81. Do not exceed 25 ohns
under normally dry conditions for the maxi numresistance of a driven
ground. If this resistance cannot be obtained with a single rod,[__ ]
addi tional rods, spaced on center, not less than twi ce the distance of the
length of the rod,[ or if sectional type rods are used,[__ ] additiona
sections may be coupled and driven with the first rod].[ In

hi gh- ground-resi stance, UL |listed chenmically charged ground rods may be
used.] If the resultant resistance exceeds 25 ohns neasured not |ess than
48 hours after rainfall, notify the Contracting Oficer who will decide on
the nunber of ground rods to add.

3.1.19.2 Groundi ng Connecti ons

Make groundi ng connections which are buried or otherwi se nornally

i naccessi ble,[ excepting specifically those connections for which access
for periodic testing is required,] by exotherm c weld or conpression
connector.

a. Mke exothermic welds strictly in accordance with the weld
manufacturer's witten recommendati ons. Wl ds which are "puffed up" or
whi ch show convex surfaces indicating inproper cleaning are not
acceptabl e. Mechani cal connectors are not required at exothernic welds.

b. Make conpressi on connections using a hydraulic conpression tool to
provide the correct circunferential pressure. Provide tools and dies
as reconmended by the manufacturer. Use an enbossing die code or other
standard nethod to provide visible indication that a connector has been
adequately conpressed on the ground wre.

3.1.19.3 Ground Bus

Provi de a copper ground bus in the electrical equipnent roons as indicated.
Noncurrent-carrying metal parts of[ transforner neutrals and ot her
electrical][ electrical] equipnent: effectively grounded by bonding to the
ground bus. Bond the ground bus to both the entrance ground, and to a
ground rod or rods as specified above having the upper ends termnating
approxi mately 100 nm 4 i nches above the floor. Make connections and
splices of the brazed, welded, bolted, or pressure-connector type, except
use pressure connectors or bolted connections for connections to renovabl e
equi prent.[ For raised floor equi pnent roons in conputer and data
processing centers, provide a mnimm of 4, one at each corner, ground
buses connected to the building grounding system Use bolted connections
in lieu of thernoweld, so they can be changed as required by additions

and/ or alterations.]

3.1.19.4 Resistance

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: If difficulties are encountered in obtaining
t he proper resistance, the Contracting Oficer wll
make a deci sion on the number of ground rods to be
used, based on |ocal conditions and on the type and
size of electrical installation in the project.
I nsul at ed groundi ng conductors will be required
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where el ectrolytic corrosi on nay be encountered

In nost applications, it is desirable to have a

maxi mum r esi stance of much less, typically 5 ohns or
I ess. NFPA 70, approves the use of a single nmade

el ectrode for the systemgrounding electrode, if its
resi stance does not exceed 25 ohns.

Maxi mum r esi st ance-t o-ground of grounding system do not exceed[ 5]
ohms under dry conditions. Were resistance obtained exceeds[ 5][

*% *% *% *% *% *% *% *% *% *% *% *%%

ohnms, contact Contracting O ficer for further instructions.

3.1.19.5 Tel econmuni cati ons System
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NOTE: 1. Include this paragraph when

t el econmuni cations service is provided in job and
specified in this section and other sections.

2. Choose the bracketed option for

Tel econmuni cati on G oundi ng Busbars (TGB) when there
are nore than one tel ecomruni cati ons room or
t el econmuni cati ons equi pnent roons included in the
project.

3. Choose Tel econmuni cati ons Bondi ng Conductors
bracketed opti on when nore than one
t el econmuni cati ons groundi ng busbar is installed as
part of the project.
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Provi de tel econmuni cati ons grounding in accordance with the foll ow ng:

a.

Tel econmuni cati ons Groundi ng Busbars: Provide a tel ecomuni cations
mai n groundi ng busbar (TM3B) in the tel ecommunications entrance
facility. Install the TM3B as close to the electrical service entrance
groundi ng connection as practicable.[ Provide a tel ecomunications
groundi ng busbar (TGB) in all other tel econmunications roons and

t el econmuni cati ons equi pnent roons. Install the TGB as close to the

t el econmuni cati ons room panel board as practicabl e, when equi pped.

Where a panel board for tel ecomuni cations equiprment is not installed in
t he tel econmuni cations room |ocate the TGB near the backbone cabling
and associated termnations. In addition, locate the TG to provide for
the shortest and straightest routing of the groundi ng conductors.

Where a panel board for tel econmuni cations equipnent is located within
the sane room or space as a TGB, bond that panel board' s alternating
current equi prent ground (ACEG bus (when equi pped) or the panel board
enclosure to the TG.] Install teleconmunications groundi ng busbars to
mai ntai n clearances as required by NFPA 70 and insulated fromits
support. A minimumof 50 nmm 2 inches separation fromthe wall is
recomended to allow access to the rear of the busbar and adjust the
nmounti ng hei ght to acconmodate overhead or underfl oor cable routing.

Tel econmuni cati ons Bondi ng Conductors: Provide nain tel econmuni cati ons
servi ce equi pnent ground consisting of separate bondi ng conductor for

t el econmuni cati ons, between the TM3E and readily accessi bl e grounding
connection of the electrical service. Gounding and bondi ng conductors
shoul d not be placed in ferrous netallic conduit. |If it is necessary
to place groundi ng and bondi ng conductors in ferrous netallic conduit
that exceeds 1 nB8 feet in length, bond the conductors to each end of
the conduit using a grounding bushing or a No. 6 AWsG conduct or
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3.1.20

mnimm/|[ Provide a tel ecommunications bondi ng backbone (TBB) that
originates at the TMSB extends throughout the building using the

t el econmuni cati ons backbone pat hways, and connects to the TGBs in al

t el econmuni cati ons roons and equi prrent rooms. |Install the TBB
conductors such that they are protected from physical and mechanica
damage. The TBB conductors should be installed without splices and
routed in the shortest possible straight-line path. Mke the bondi ng
conduct or between a TBB and a TGB continuous. Where splices are
necessary, the number of splices should be a mininum Make the splices
accessi bl e and located in tel ecommuni cati ons spaces. Connect joined
segnments of a TBB using exotherm c welding, irreversible

conpressi on-type connectors, or equivalent. Install all joints to be
adequately supported and protected from damage. Wenever two or nore
TBBs are used within a multistory building, bond the TBBs together wth
a groundi ng equalizer (GE) at the top floor and at a m ni mum of every
third floor in between. Do not connect the TBB and GE to the pathway
ground, except at the TMEB or the TGB.]

Tel econmuni cati ons Groundi ng Connections: Tel ecommunications groundi ng
connections to the TM3B[ or TGB]: utilize listed conpression two-hole
| ugs, exothernic welding, suitable and equival ent one hol e non-tw sting
lugs, or other irreversible conpression type connections. Bond al
nmetal | i ¢ pathways, cabinets, and racks for tel econmunications cabling
and interconnecting hardware | ocated within the sane room or space as
the TMGB[ or TGB] to the TMEB[ or TGB respectively]. In a netal frane
(structural steel) building, where the steel framework is readily
accessible within the room bond each TMSB[ and TGB] to the vertica
steel netal frame using a mninum No. 6 AWG conductor. \Were the neta
frane is external to the roomand readily accessible, bond the netal
frame to the TGB or TME3B with a minimum No. 6 AWG conductor. \Wen
practicabl e because of shorter distances and, where horizontal stee
nmenbers are permanently electrically bonded to vertical columm nenbers,
the TGB may be bonded to these horizontal nenbers in lieu of the
vertical colum nenbers. Al connectors used for bonding to the neta
franme of a building nust be listed for the intended purpose.

Equi pnent Connecti ons

Provi de power wiring for the connection of notors and control equi pnent
under this section of the specification. Except as otherw se specifically
noted or specified, automatic control wiring, control devices, and

pr ot
sect
t he

3.1.21

ective devices within the control circuitry are not included in this
ion of the specifications and are provi ded under the section specifying
associ at ed equi pnent .

Elevator

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: To achieve a conplete specification, the
ensure that the controls for HVAC, fire alarm
system elevators, cranes, and special systens are
definitely and properly covered by the other
sections of the project specification. Should
controls appear in this section of the project
specification, nodify this paragraph accordingly.

I ndi cate on the draw ngs required equi pnent
connections. Coordinate el evator paragraph with
Section 14 21 13 ELECTRI C TRACTI ON FREI GHT ELEVATORS
or Section 14 21 23 ELECTRI C TRACTI ON PASSENCGER
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ELEVATORS and Section 14 24 13 HYDRAULI C FREI GHT
ELEVATORS or 14 24 23 HYDRAULI C PASSENGER ELEVATORS
for all projects.
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Provide circuit to line termnals of elevator controller, and di sconnect
switch on line side of controller, outlet for control power, outlet
receptacle and work |ight at midheight of elevator shaft, and work |ight
and outlet receptacle in elevator pit.

[3.1.22 Gover nrent - Fur ni shed Equi pnent

Contractor[ rough-in for Governnent-furni shed equi pnent][ neke connections
to Government-furni shed equi pnent] to make equi pnent operate as intended,

i ncludi ng providing miscellaneous itens such as plugs, receptacles, wre,
cabl e, conduit, flexible conduit, and outlet boxes or fittings.

13.1.23 Repair of Existing Wrk

Performrepair of existing work[, denolition, and nodification of existing
el ectrical distribution systens] as foll ows:

3.1.23.1 Workmanship

Lay out work in advance. Exercise care where cutting, channeling, chasing,
or drilling of floors, walls, partitions, ceilings, or other surfaces is
necessary for proper installation, support, or anchorage of conduit,
raceways, or other electrical work. Repair damage to buil dings, piping,
and equi pnent using skilled craftsnmen of trades invol ved.

3.1.23.2 Exi sting Concealed Wring to be Renoved
Di sconnect existing concealed wiring to be renoved fromits source. Renove
conductors; cut conduit flush with floor, underside of floor, and through
wal | s; and seal openings.

[3.1.23.3 Removal of Existing Electrical Distribution System
Renoval of existing electrical distribution system equiprent includes
equi prent' s associated wiring, including conductors, cables, exposed
conduit, surface netal raceways, boxes, and fittings,[ back to equipnent's
power source] as indicated.

I 3.1.23.4  Continuation of Service
Mai ntain continuity of existing circuits of equipment to remain. Miintain
existing circuits of equipnent energized. Restore circuits wiring and

power which are to remain but were disturbed during denolition back to
original condition.

113.1.24 Wat t hour Meters
ANSI C12.1.
]13.1.25 Surge Protective Devices
Connect the surge protective devices in parallel to the power source,

keepi ng the conductors as short and straight as practically possible.
Maxi mum al | owed | ead Iength is 900 nm 3 feet.
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3.2 FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Provi de nunber, location, and letter designation of naneplates as
i ndi cated. Fasten nanmeplates to the device with a m ni mum of two
sheet-netal screws or two rivets.

3.3 WARNI NG SI GN MOUNTI NG

Provi de the number of signs required to be readable from each accessible
side. Space the signs in accordance with NFPA 70E

3.4 FI ELD APPLI ED PAI NTI NG
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NOTE: Use and coordi nate paint and coating
requirenents with Section 09 90 00 PAI NTS AND
COATI NGS when provided in the job. Use the second
bracket ed opti on when Section 09 90 00 is not

provi ded or when requirenments are beyond what is
specified in Section 09 90 00.
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Pai nt electrical equipnent as required to match finish of adjacent surfaces
or to neet the indicated or specified safety criteria. [Painting: as
specified in Section 09 90 00 PAI NTS AND COATI NGS. ][ Were field painting of
encl osures for panel boards, |load centers or the like is specified to match
adj acent surfaces, to correct damage to the manufacturer's factory applied
coatings, or to neet the indicated or specified safety criteria, provide
manuf acturer's recomended coatings and apply in accordance to

manuf acturer's instructions.]

3.5 FI ELD QUALI TY CONTRCL

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Provide any additional test requirenents for
equi pnent requiring running tests or tests that nust
be coordinated with nechani cal equi pnent.
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Furni sh test equi pnent and personnel and submit witten copies of test

results. Gve Contracting Oficer[ 5][ ] working days notice prior tof
] test[s].

3.5.1 Devi ces Subject to Manual Operation

Operate each device subject to manual operation at |east five tines,
denonstrating satisfactory operation each tine.

3.5.2 600-Volt Wring Test

Test wiring rated 600 volt and less to verify that no short circuits or
accidental grounds exist. Performinsulation resistance tests on wiring
No. 6 AWG and | arger diameter using instrunment which applies voltage of

approxi mately 500 volts to provide direct reading of resistance. M ninmm
resi stance: 250, 000 ohns.
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3.5.3 Transforner Tests

Performthe standard, not optional, tests in accordance with the Inspection
and Test Procedures for transfornmers, dry type, air-cooled, 600 volt and
bel ow; as specified in NETA ATS. Measure prinmary and secondary vol t ages
for proper tap settings. Tests need not be perforned by a recognized

i ndependent testing firmor independent electrical consulting firm

3.5.4 Ground- Fault Receptacl e Test

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: |f Ground-Fault Receptacle "line" and "I oad"
| eads are reversed, "test" will trip downstream
| oads but not trip the receptacle.
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Test ground-fault receptacles with a "load" (such as a plug inlight) to
verify that the "line" and "l oad" |eads are not reversed.

3.5.5 Groundi ng System Test
Test groundi ng systemto ensure continuity, and that resistance to ground
is not excessive. Test each ground rod for resistance to ground before
maki ng connections to rod; tie grounding systemtogether and test for
resistance to ground. Make resistance neasurenents in dry weather, not
earlier than 48 hours after rainfall. Submit witten results of each test
to Contracting Officer, and indicate |ocation of rods as well as resistance
and soil conditions at tinme nmeasurenents were nmade

[3.5.6 WAt t hour Meter
a. Visual and nechanical inspection

(1) Examine for broken parts, shipping danmage, and tightness of
connections.

(2) Verify that nmeter type, scales, and connections are in accordance
wi th approved shop draw ngs.

b. Electrical tests
(1) Deternine accuracy of neter.
(2) Calibrate watthour neters to one-half percent.

(3) Verify that correct nmultiplier has been placed on face of neter
wher e applicable.

] -- End of Section --
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