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| TALI AN GUI DE SPECI FI CATI ONS
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UNDERGROUND ELECTRI CAL WORK
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EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: This guide specification is issued by the
Atlantic Division, Naval Facilities Engineering
Command for regional use in Italy.
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NOTE: This gui de specification covers underground
el ectrical work, basic to underground el ectrical and
tel econmuni cation distribution systens.
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NOTE: The follow ng infornmation should be shown on
t he draw ngs.

a. Were specification identifies type, size,

color, finish, or other definitive information to be
"as indicated," the engineer shall include the

i nformati on on the draw ngs.

b. Location of manhol es, handhol es, ducts, and
cabl es.

c. Types of wire and cable; nunber and sizes of
conduct ors.

d. Do not include sketches in project
specifications. Use underground sketches as details
on drawi ngs whenever possible. If special features
are required for a project, do not revise sketches,
but indicate these changes as notes bel ow t he
detail. Sketch nunbers and dates should remain on
the drawi ng details.

e. Circuit identification
f. Special conditions.
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Conmment s and suggestion on this specification are

wel cone and should be directed to the technica
proponent of the specification. A listing of _
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Use of electronic comunication is encouraged.

Brackets are used in the text to indicate designer
choi ces or locations where text nust be supplied by
t he desi gner.

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

PART 1 GENERAL

1

1 REFERENCES

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.
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NOTE: The followi ng reference is included for design
i nformation only.

U S. FEDERAL AVI ATI ON ADM NI STRATI ON ( FAA)

FAA AC-150/5320-6 (1995; Rev. D) Airport Pavenent
Desi gn and Eval uati on
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AMERI CAN CONCRETE | NSTI TUTE (ACl)

ACl 318M 318RM (1999) Building Code Requirenents for
Rei nforced Concrete (ACI 318M 99) and
Commentary (ACI 318RM 99)

EUROPEAN COVMUNI TY QUALI TY MARKS ( CE)
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NOTE: CE (European Community) is a European

qual ity marking systemindicating that the

equi pnment or product conforms to EEC (European
Econom ¢ Conmuni ty) standards concerning quality
of safety and health and conforns with all the
Italian technical standards in force. Al
products (El ectrical, Mechanical and El ectronic
Equi pnent and sinilar itens) that are nmarked CE
conformto the standards and Laws enforced in
Europe. In ltaly, the CE marking is a nmandatory
requi renent and nust be shown on all applicable
equi pnent and products attesting to the confornity
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with the EEC standards.
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CE

European Quality Mark

| TALI AN ELECTROTECHNI CAL COVM TTEE STANDARDS ( CEl)
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NOTE: A CEl Normis an Italian technical nornative
for electrical systens recognized by Italian Law,
submitted by a private organi zation "Conitato

El ectrotecnico Italiano" for the Italian
territory, available in the Italian | anguage and
only in some cases in English
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CEl

7-1

11-1

11-17

20-1

20-13

20-20/1

20- 22/ 2

20- 24

20- 28

20- 33

64-8

(1997) Copper and copper alloy conductors
for overhead |ines

(1999; V1 2000) Power installations
exceeding 1 kV a.c.

(1997) GCeneration, transnission and
di stribution systens of electric power -
Cabl es installations

(1998) Paper-insul ated cables for
el ectrical systens with rated vol tages
between 1 kV and 45 kV

(1999; V1 2001, V2 2001) Rubber insul ated
cables with rated vol tages between 1 kV
and 30 kV

(2000) Pol yvinyl chloride insulated cables
of rated voltages up to and including
450/ 750 V - Part 1. General requirenents

(1999; V1 2001) Tests on electric cables
under fire conditions. Part 2: Fire
propagati on

(1998) Joints and term nals for power
cabl es

(1998) Connectors for power cables

(1998) Joints and ternminals for cables
with voltage Uo/ U not exceedi ng 600/1000 V
a.c. and 750 V d.c.

(1998; V1 2001, V2 2001) Electrica
installations of buildings
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| TALI AN ELECTOTECHNI CAL COVM TTEE TABLES ( CEl UNEL)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A CElI UNEL is an Italian electrica
techni cal data base describing characteristics,
di mensi ons and sizes of the electrical equipnment
in conpliance with CEI Norns recogni zed by the
Italian Law for the Italian territory.
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CEl - UNEL 35375 (2001) Fire retardant power cables, HEPR
i nsul ated PVC sheat hed, with reduced
em ssi on of corrosive gases - Single and
nmul ticore cables with flexible conductors
for fixed installations - Rated voltage
Uo/U: 0,6/1 kV

| TALI AN LAWS AND NORMS (D. M) (LAW (CI RC.)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: Italian laws and normatives are the

| egi sl ative regul ati ons and decrees issued by the
Italian governnment in the formof |aws, norns,
decrees, circulars, and letters. These Laws and
Decrees concur together with Norns and Standards
in formng the governing directives for
construction.
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Law 1086 (Novenber 5, 1971) Norns for the
di scipline of nornal and prestressed
reinforced concrete structures and netal
structures

DM 9-1-96 (1996) Technical norns for the
cal cul ati ons, executions and testing of
nornmal and prestressed reinforced concrete
structures, and netal structures

D.M 16-1-96 (1996) Technical norns relative to genera
criteria for building safety verification
and for |oads and superi nposed | oads

| TALI AN NATI ONAL ASSOCI ATI ON FOR UNI FI CATI ON OF STANDARDS (UNI)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A UNl Normis a technical normative

recogni zed as ltalian Law, submitted by a private
organi zation "Ente Nazionale Italiano d

Uni ficazione" for Italy and is available only in
the Italian |language. It is the National Standard.

EE R R R I I I R I R I R I O I R I R R I R I R R R O

UNI 6125 (1974) Pipe threads for cable conduits and
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UNI

UNI

UNI

7683

8656

8863

screwed fittings for explosion proof
el ectrical plants

(1977) Threaded tubes and fittings for
cabl e conduits for explosion proof
electrical installations - Unall oyed stee
seaml ess and wel ded tubes, gal vani zed

(1984) Liquid nmenbrane-formnm ng conpounds
for the protection of the concrete during
the maturation - dassification and
requirenents

(1987) Unal |l oyed steel seam ess and wel ded
tubes suitable for screwing in accordance
with UNI 1SO 7/1

| TALI AN/ EUROPEAN HARMONI ZATI ON STANDARDS (UNI EN) (UNI ENV) (CEl EN)

(UNI EN 1SO) (UNI 1SO)

EE R R R I I I R I R I R I O I R I R R I R I R R R O

NOTE: A UNI EN, UNI ENV, CEl EN, UNI EN | SO or UN
SO is a European Standard with a coi nci dent
Italian National Standard or Internationa
Standard. The two standards are identical, with
nost (but not all) EN s available in the English

| anguage and the UNI available only in the Italian
| anguage.
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UNI

EN 124 (1995) @ully tops and manhol e tops for
vehi cul ar and pedestrian areas - Design
requirenents, type testing, nmarking,
quality contro

EN 50086-1 (1997) Conduit systens for electrica
installations - Part 1: Genera
requirenents

EN 50086-2-1 (1996; All 1999) Conduit systens for
electrical installations - Part 2-1
Particular requirenents for rigid conduit
syst ens

EN 50086- 2- 4 (1997; Al 2001) Conduit systens for
electrical installations - Part 2-4:
Particul ar requirenents for conduit
systens buried underground

EN 60454-1 (1997) Specifications for

pressure-sensitive adhesive tapes for
el ectrical purposes - Part 1. Genera
requirenents
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1

1

CEl EN 60454-3-2 (1999) Pressure-sensitive adhesive tapes
for electrical purposes - Part 3:
Specifications for individual naterials -
Sheet 2: Polyester filmtapes with rubber
thernosetting or acrylic crosslinked
adhesi ves

CEl EN 60529 (1997; Al 2000) Degrees of protection
provi ded by enclosures (I P Code)

CEl EN 60811-1-1 (2001) Insulating and sheathing naterials
of electric cables - Part 1. Cenera
application - Section 1. Masurenent of
t hi ckness and overal |l dinension - Test for
determ ning the nmechani cal properties

2 RELATED REQUI REMENTS

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Specification Section 16081, "Apparatus

I nspection and Testing" applies only when nedi um
vol tage cabl e, nedium voltage cable splices or
medi um voltage term nations are included in the
proj ect.
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Section 16050, "Basic Electrical Mterials and Methods" and Section 16081
"Apparatus I nspection and Testing" apply to this section with additions and
nodi fications specified herein.

2.1 Under ground Servi ce

Term nate underground service into building at a point 1525 mm outsi de the
bui |l di ng and projections thereof, except that service conductors shall be
continuous to the interior termnating point indicated. Connections of the
service to the service entrance equi pnent is included in Section 16402,
"Interior Distribution System" Protect ends of underground conduit with

t hreaded netal caps or plastic plugs as applicable until connections are
nade.

3 DEFI NI TI ONS

a. In the text of this section, the words conduit and duct are used
i nt erchangeably and have the sane neani ng.

b. In the text of this section, "nmediumvoltage cable splices,"” and
"medi um vol tage cable joints" are used interchangeably and have the
sanme neani ng.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Areas subject to aircraft |oading are
general ly defined as foll ows:

1. For fixed wing aircraft facilities:
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a) On or within 61 mof runway sideline

b) On or within 15 mof taxiway or
apron sideline

c) Wthin Type 1 clear zone area as defined
by NAVFAC Publication P-971 "Airfield &
Hel i port Pl anni ng & Design" dated March
1998.

2. For rotary wing aircraft facilities:

a) On landing surfaces, primary surfaces,
or within areas defined as "paved and
unpaved shoul ders" in NAVFAC Publication
P-971 "Airfield & Heliport Planning &
Desi gn" dated March 1998.

EE R R R R R R R R R R R R R R R R R R R R R R O R

[c. Underground structures subject to aircraft |oading are indicated on
t he draw ngs. ]

1.4 SUBM TTALS

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Where a "G' in asterisk tokens follows a
submittal item it indicates Governnent approval for
that item Add "G' in asterisk tokens follow ng any
added or existing subnmittal itens deened
sufficiently critical, conplex, or aesthetically
significant to nmerit approval by the Governnent.
Submittal itens not designated with a "G' will be
approved by the CQC organi zati on.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Submit the following in accordance with the Section 01330, "Submittal
Procedures."

SD- 02 Shop Drawi ngs
Precast underground structures; G
Pulling-in irons; G

SD- 03 Product Data

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

NOTE: Subnittals are required for each kind,
vol tage, or type used on the project.

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

I nnerduct; G
Medi um vol tage cable; G

Medi um vol tage cable terninations; G
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Medi um vol tage cable joints; G

[Live end caps; @

Precast concrete structures; G

Sealing material for precast manhol e and handhole joints; G

Manhol e frames and covers; G

Handhol e frames and covers; G

[Frames and covers for airfield facilities; G

Pol ypr opyl ene handhol es; G

Cabl e supports (racks, arns and insulators); G

SD- 06 Test Reports

Arc-proofing test for cable fireproofing materials; G

Medi um vol tage cabl e qualification and production tests; G

Fi el d Acceptance Checks and Tests; G
Identify each cable for 600-volt, and nedium voltage cable tests. When
testing groundi ng el ectrodes and groundi ng systens, identify each grounding
el ectrode and each grounding systemfor testing. |Include the test nethod
and test setup (i.e. pin locations) used to determ ne ground resistance and
soil conditions at the tinme the nmeasurements were made.

SD-07 Certificates

Cable splicer/termnator; G
.5 QUALI TY ASSURANCE
.5.1 Precast Underground Structures
Submittal required for each type used. Provide cal cul ations and draw ngs
for precast manhol es and handhol es bearing the seal of a registered
pr of essi onal engi neer incl uding:
a. Material description (i.e., f'c and Fy)
b. Manufacturer's printed assenbly and installation instructions
c. Design calculations
d. Reinforcing shop drawi ngs prepared in accordance with Law 1086
e. Plans and el evati ons showi ng opening and pulling-in iron |ocations and

detail s
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5.2 Certificate of Conpetency for Cable Splicer/Term nator

Certification of the qualification of the cable splicer/terninator shall be
subm tted, for approval, 30 days before splices or term nations are to be
made in mediumvoltage (5 kV to 35 kV) cables. The certification shal

i nclude the training, and experience of the individual on the specific type
and classification of cable to be provided under this contract. The
certification shall indicate that the individual has had three or nore
years recent experience splicing and term nating nmedi um vol tage cabl es.

The certification shall also list a mninumof three splices/term nations
that have been in operation for nore than one year. 1In addition, the

i ndi vidual may be required to performa dunmy or practice
splice/termination in the presence of the Contracting Oficer, before being
approved as a qualified cable splicer. |[If that additional requirement is

i nposed, the Contractor shall provide short sections of the approved types
of cables along with the approved type of splice/term nation kit, and
detail ed manufacturer's instructions for the cable to be spliced. The
Contracting O ficer reserves the right to require additional proof of
conpetency or to reject the individual and call for certification of an
alternate cable splicer.

PART 2 PRODUCTS

2.

2.

1  SOURCE MANUFACTURERS
1.1 Ri gid Metal Conduit

The foll owi ng nanufacturers provide rigid nmetal conduit naterials that
generally conply with these specifications:

DALM NE

Piazza Caduti 6 Luglio 1944, 1
24044 Dal m ne (BGQ

Tel : 035/560111

Fax: 035/565768

PESSI NA TUuBI S.p. A

20099 Sesto San G ovanni (M)
via D. Manin 101

Tel : 39-022-401306

Fax: 39-022-6223031

. 1.2 Metal Fittings

The foll owi ng nanufacturers provide netal fittings for electrical conduit
that generally conplies with these specifications:

JANNONE FERRO TUB

Via Mglio, 10/12 - 20090 Segrate M| ano
Tel : 02-26921377

Fax: 02-2135559

FERROTUBI e DERI VATI
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Via G Rossa, 1
20061 Carugate (M)
Tel : 39-292-15090019
Fax: 39-292-150391

.1.3 Pl asti c Conduit

The foll owi ng nanufacturers provide plastic conduit nmaterials that
generally conply with these specifications:

DI ELECTRI X | TALI A

Via E. Pavese, 53

29015 Castel San G ovanni (PC)
Tel : 0523/882241

Fax: 0523/881270

RICCINl S.r.|.

06077 Ponte Fel cino (PQ
Str. Tiberina Nord 28/ A
Tel : 075-5917010

Fax: 075-9517020

WWW. riccini.it

. 1.4 Plastic Fittings

The foll owi ng nanufacturers provide plastic fittings for electrical conduit
that generally conplies with these specifications:

DI ELECTRI X | TALI A

Via E. Pavese, 53

29015 Castel San G ovanni (PC)
Tel : 0523/882241

Fax: 0523/881270

EMP

Via Eridania 187
Qcchiobel l o (RO
Tel : 0425-750780
Fax: 0425-750607

.1.5 Pl asti c Duct

The foll owi ng nmanufacturers provide that generally conply with these
speci fications:

DI ELECTRI X | TALI A

Via E. Pavese, 53

29015 Castel San G ovanni (PC)
Tel : 0523/882241

Fax: 0523/881270

RICON S.r.l.

06077 Ponte Fel cino (PQ
Str. Tiberina Nord 28/ A
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Tel : 075-5917010
Fax: 075-9517020
WWW. riccini.it

.1.6 Pl astic Duct Fittings

The foll owi ng nmanufacturers provide plastic fittings for electrical duct
that generally conplies with these specifications:

DI ELECTRI X | TALI A

Via E. Pavese, 53

29015 Castel San G ovanni (PC)
Tel : 0523/882241

Fax: 0523/881270

PM PLASTI C MATERI ALS

24031 Alnenno S. Sal vatore (BGQ
Via Gari Baldi, 44

Tel : 035- 640027

Fax: 035-640741

1.7 600 Volt Conduct or

The foll owi ng nanufacturers provide 600 volt conductor wiring that
generally conplies with these specifications:

Pl RELLI

Viale Sarca, 222
20126 M| ano

Tel: 02/6442.1
Fax: 02/ 6442.9264

E-mail: cables-it.gw@irelli.com
Wb Site: ww.it.pirelli.confcables
CEATCAVI

L.go Regio Parco, 9
10152 Tori no

Tel : 011/26081

Fax: 011/858265

Tel ex: 221603 CEATI

NEXANS

20059 Vinercate (M)

Via Trento, 30

Tel : 039-6861

Fax: 039- 6869049

VWb Site: www. nexans.com

.1.8 600 Volt Wre Connectors & Term nal s

The foll owi ng nmanufacturers provide that generally conply with these
speci fications:

GESTRA S.r. 1.
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Via Ippolito N evo, 61
00153 Roma

Tel : 06/5803523

Fax: 06/5816348
E-mail: gestra@in.it

NEXANS

20059 Vinercate (M)

Via Trento, 30

Tel : 039-6861

Fax: 039- 6869049

VWb Site: www. nexans.com

. 1.9 Medi um Vol t age Cabl e (EPR)

The foll owi ng nanufacturers provide EPR nedi um vol tage cable naterials that
generally conply with these specifications:

Pl RELLI

Viale Sarca, 222
20126 M| ano

Tel: 02/6442.1
Fax: 02/ 6442.9264

E-mail: cables-it.gw@irelli.com
Wb Site: ww.it.pirelli.confcables
ARI STONCAVI

Vi a Einaudi, 42/44

36040 Brendola (VI)

Tel : 0444/ 492288

Fax: 0444/ 492094

Wb Site: www. ari stoncavi.com

E-mai | : sal esAri stoncavi @uri stoncavi.com

NEXANS

20059 Vinercate (M)

Via Trento, 30

Tel : 039-6861

Fax: 039- 6869049

VWb Site: www. nexans.com

.1.10 Medi um Vol t age Cabl e (Paper)

The foll owi ng nanufacturers provide paper medi umvoltage cable materials
that generally conply with these specifications:

Pl RELLI

Vi ale Sarca, 222

20126 M1 ano

Tel : 02/6442.1

Fax: 02/6442.9264

E-mail: cables-it.gw@irelli.com
Wb Site: ww.it.pirelli.confcables
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CEATCAVI

L.go Regio Parco, 9
10152 Tori no

Tel : 011/26081

Fax: 011/858265

Tel ex: 221603 CEATI

2.1.11 Medi um Vol tage Cabl e Termi nation & Joints

The foll owi ng nanufacturers provide nedi um voltage cable term nati ons and
joints that generally conply with these specifications:

Pl RELLI

Viale Sarca, 222
20126 Ml ano

Tel: 02/6442.1
Fax: 02/ 6442.9264

E-mail: cables-it.gw@irelli.com
Wb Site: ww.it.pirelli.confcables
NEXANS

20059 Vinercate (M)

Via Trento, 30

Tel : 039-6861

Fax: 039- 6869049

VWb Site: www. nexans.com

3Mltalia

20090, Segrate (M)
Via S. Bovio, 3

Wb Site: ww. psie.it

2.1.12 I nsul ati ng Tape

The foll owi ng nmanufacturers provide insulating tape nmaterials that
generally conply with these specifications:

DI ELETTRICA LIGURE S.r. 1.
16039 Sestri Levante (CGE)
Tel : 0185/43095
Fax: 0185/ 456966

FACOT CHEM CALS

Via Crema, 44

26010 Capral ba (CR

Tel : 0373/ 450642 - 450643
Fax: 0373/450751

3Mltalia

20090, Segrate (M)
Via S. Bovio, 3

Wb Site: ww. psie.it

2.1.13 Fi reproofing Tape
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The foll owi ng nanufacturers provide fireproofing tape naterials that
generally conply with these specifications:

NEXANS

20059 Vinercate (M)

Via Trento, 30

Tel : 039-6861

Fax: 039- 6869049

Wb Site: www. nexans.com

RAYTECH

20019 Settinp

M | anese (M)
Via Pordoi, 8
Tel : 02-33500147
Fax: 02-33500287

.1.14 Grounding Pit and Rods

The foll owi ng nanufacturers provide grounding pit and rod materials that
generally conply with these specifications:

CARPANETO

Via Ferrero, 10

10090 Cascine Vica - Rivoli (TO
Tel : 011/9590111

Fax: 011/9590200

Web Site: www. carpaneto.it

FURSE - GESTRA S.r.|.
Via Ippolito N evo, 61
00153 Roma

Tel : 06/5803523

Fax: 06/5816348
E-mail: gestra@in.it

.1.15 Groundi ng Connectors

The foll owi ng nanufacturers provide groundi ng connectors and exot herm c
weld materials that generally conply with these specifications:

ELETTROTECNI CA ADRI ATICA S.r.|.

Via Pineta Formca n. 13

48015 Cervia (RA)

Tel : 0544-971729

Fax: 0544-972040

E-mail: mail @lettrotecnicaadriatica.it
www. el eettrotecnicaadriatica.it

ERICO ITALIA S.r.|.

15, v. M Buonarroti
20090 Cesano Boscone (M)
Tel : 02-45866517
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Fax: 02-48600622
E-mail: ericoitalia@rico.com

.1.16 Precast Concrete Manhol e

The foll owi ng nanufacturers provide precast concrete nmanhol es that
generally conply with these specifications:

PREFABBRI CATI LUCCHESE

Via S. Marco, 55

31031 Caerano di S. Marco (TV)
Tel : 0423/ 650041

Fax: 0423/859182

MUSI LLI PREFABBRI CATI
Via Casilina Sud, 49
03043 Cassino (FR)
Tel : 0776/ 312431

Fax: 0776/ 310420

.1.17 Manhol e/ Handhol e Franes and Covers

The foll owi ng nanufacturers provide manhol e and handhol e frames and covers
that generally conply with these specifications:

TUBI GHI SA

Via E. Romagnoli, 6
20146 M1 ano

Tel : 02/ 42431

RI CCI NI

Strada Ti berina Nord, 28/A
Localita Ponte Felcino

| -06077 Perugia

Tel : 075/5917010

Fax: 075/5917020

E-mail: info@iccini.it

.1.18 Fi ber gl ass Handhol es

The foll owi ng nanufacturers provide fiberglass handhol es that generally
conply with these specifications:

RI CCI NI

Strada Ti berina Nord, 28/A
Localita Ponte Felcino

| -06077 Perugia

Tel : 075/5917010

Fax: 075/5917020

E-mail: info@iccini.it

DI ELECTRI X | TALI A

Via E. Pavese, 53
29015 Castel San G ovanni (PC)
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Tel : 0523/882241
Fax: 0523/881270

2.1.19 Cabl e Supports

The foll owi ng nanufacturers provide cable supports that generally comply
wi th these specifications:

CLAMPCO SI STIM
Via Aquileia Area PIP
34076 Romans
D Isonzo - CGorizia
Tel : 0481-909171
Fax: 0481-909230
GRUPPO CARPANETO SATI
Via Enrico Schliemann, 11 - 00178 Roma
Tel : 06-7235606, 06-72670250
Fax: 06-72670256
2.2 MATERI ALS AND EQUI PMENT
2.2.1 Condui t
2.2.1.1 Ri gid Metal Conduit
UNI 6125, UNI 8863, UNI 7683, gal vani zed steel, threaded type.

2.2.1.2 Pl astic Conduit for Direct Burial

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Refer to CEl EN 50086-1 for PVC for genera
under ground direct burial use.

EE R R R R R R R R R R R R R R R R R R R R R R R O R

CEl EN 50086-1 and CElI EN 50086-2-4, heavy duty type.
2.2.1.3 Plastic Uilities Duct for Concrete Encasenent
CEl EN 50086-1 and CElI EN 50086-2-1, mediumduty type.
2.2.2 Fittings
2.2.2.1 Metal Fittings
UNI 6125, threaded type.
2.2.2.2 PVC Conduit Fittings
CEl EN 50086-1 and CEI EN 50086-2-1.
2.2.2.3 PVC Duct Fittings

CEl EN 50086-1 and CEI EN 50086-2- 1.
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2.2.2.4 | nner duct

Provide corrugated [or solid wall] polyethylene (PE) or PVC i nnerducts with
pul lwire. Size as indicated.

[2.2.2.5 Qutl et Boxes for Steel Conduit

Qutl et boxes for use with rigid or flexible steel conduit shall be
cast-nmetal cadmi umor zinc-coated if of ferrous netal w th gasketed
cl osures and shall conformto CElI EN 60529.

12.2.3 Conductors Rated 600 Volts and Less

Conductor sizes are designated in square nmllineters. Conductor and
conduit sizes indicated are for copper conductors unless otherw se noted.

I nsul at ed conductors shall have the date of nanufacture and ot her
identification inprinted on the outer surface of each cable at regul ar

i nterval s throughout cable length. Wres and cabl es manufactured nore than
[24] [12] nonths prior to date of delivery to the site shall not be

accept ed.

2.2.3.1 Conduct or Types and Col or Codi ng

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Use only ethyl ene propyl ene rubber insul ated
cables (EPR). Ensure that the conduit has been
properly sized for the nunber of EPR cables

i ndicated in each conduit run

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

Direct buried conductors shall conformto CEl 20-13, and CEl-UNEL 35375,

Type G7. Conductors in conduit shall conformto CEl 20-13, and CEl - UNEL
35375, Type EPR, and CEl 20-22/2. Conductor size and nunber of conductors
in each cable shall be as indicated. Conductors shall be col or coded.
Conductor identification shall be provided within each encl osure where a

tap, splice, or termnation is made. Conductor identification shall be by
col or-coded insul ated conductors, plastic-coated self-sticking printed

mar kers, colored nylon cable ties and plates, or heat shrink type sl eeves.
Control circuit termnations shall be properly identified. Conductors 6 mm

2 and smaller shall be solid copper. Conductors 10 m? and | arger shall be

stranded copper. Al conductors shall be copper

EE R R I R R I R I R R R I R R R R R S R I R R I R R I R R I R R R S O

NOTE: Coordi nate color code with installation where
project is located. Revise this paragraph as
necessary. \Wen activity does not have a col or
codi ng standard or does not have a preference,

sel ect the unbracketed col ors.

EE R R I R R I R I R R R I R R R R R R I R R I R R R I R R I R R R I R S O

a. Colors for coding conductors shall be:
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2.

400/ 231- VOLT AND 230/ 133 VOLT, THREE PHASE:

Neutral - Light Blue

Phase A - Gray [Black] [ Brown]
Phase B - Black [Gray] [Brown]
Phase C - Brown [Gray] [Bl ack]
Groundi ng Conductor - Yell ow G een

2.4 600 Volt Wre Connectors and Termi nal s
Shal | provide a uniform conpression over the entire contact surface.

Sol derless termnal lugs shall be used on stranded conductors. For use
wi t h Copper Conductors: CElI 20-28

. 2.5 600 Volt Splices

Provide splices with a conpression connector on the conductor and by

i nsul ati ng and wat er proofing using one of the follow ng nmethods which are
sui table for continuous subnersion in water and conply with CEl 20-24 and
CEl 20-33

a. Provide cast-type splice insulation by neans of nolded casting process
enpl oying a thernosetting epoxy resin insulating naterial applied by a
gravity poured nethod or by a pressure injected nethod. Provide
conponent materials of the resin insulation in a packaged formready
for convenient mxing wthout renoving fromthe package.

(1) Gravity poured nethod shall enploy materials and equi pnent
contained in an approved comrercial splicing kit which includes a
nold suitable for the cables to be spliced. Wen the nold is in
pl ace around the joined conductors, prepare the resin m x and pour
into the nold.

b. Provide [heavy wall] heat shrinkable splice insulation by neans of a
t her nopl asti c adhesive seal ant material which shall be applied by a
cl ean burni ng propane gas torch

c. Provide a cold-shrink rubber splice which consists of EPDM rubber tube
whi ch has been factory stretched onto a spiraled core which is renoved
during splice installation. The installation shall not require heat or
flame, or any additional materials such as coverings or adhesive. It
shal | be designed for use with inline conpression type connectors, or
i ndoor, outdoor, direct-burial or subnerged |ocations.

.2.6 Medi um Vol t age Cabl e

Conductor and conduit sizes indicated are for copper conductors unless

ot herwi se noted. Insulated conductors shall have the date of manufacture
and other identification inprinted on the outer surface of each cable at
regul ar intervals throughout cable |ength. Wres and cabl es manufact ured

nore than [24] [12] nonths prior to date of delivery to the site shall not
be accept ed.

EE R R R R R R R R R R R R R R R R R R R R R R R R O O R
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NOTE:
1. For EPR Cable ratings and insulation thickness
are shown in CEl-UNEL 35375.

2. Require conpact round conductors only where
cable size is limted by the size of the conduit and
where the conduit size cannot be increased to
acconmodat e the conductors. Standard cable
conductors provided by sone nmanufacturers are
conpressed or conpact round. These neet the
requirenents if conpact round conductors or
conpressed conductors are not explicitly specified.
In conpact round conductors, the dianeter of the
stranded conductor is reduced by approximately 10
percent.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

NOTE: Use only EPR insulation with a tape shield
unl ess specifically requested ot herw se by the
activity. Values for 133 percent insulation shal

be used on all systens other than four-wire,

mul ti-grounded systens, unless specifically directed
ot herw se.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

2.2.6.1 Cabl e Configuration

Cable for [9] [20] [___ ] kV underground distribution systemshall be Ozone
resi stant ethyl ene-propyl ene -rubber-insulated (EPR) cable conformng to
CEl 20-13, CEl 20-22/2, and CEl-UNEL 35375, as applicable. Cable shall be
[single] [three] conductor, enploying concentric-I|ay-stranded, [conpact
round, ]copper conductors. Cable shall have conductor and insul ation
shielding. Insulation shielding shall be nmetal tape type. Cable shall be
rated [ ] kV with insulation and jacket thickness of [ ]. Cable
shal | have a polyvinyl chloride jacket.

[2.2.6.2 Paper Insulated Lead Covered (PILC) Cables

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: PILC cables for use on circuits 10KV or nore
shal |l be shielded. PILC cable is reconmended only
for projects where new cable systemw || be spliced
to existing PILC cable distribution system

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

Cable for [9] [20] [___] kV distribution systemshall be solid type

i mpr egnat ed- paper-i nsul ated | ead-covered cable confornmng to CEl 20-1

Cabl e shall be [single] [three] conductor, enploying
concentric-lay-stranded, [conpact round, ] copper conductor[s]. The cable
shal | have conductor shielding and insul ation shielding over each

i ndi vidual conductor. The sheath shall be of the finest approved speci al
fatigue resistant, age resistant arsenical |ead alloy proved by experience
and bendi ng nachine tests. The sheath shall be snmboth and concentric, free
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of scars or indentations. Any sanples exceeding the specified thickness
deviations at any point shall justify conplete rejection of adjacent cable
wi thout further tests or qualifications. A protective covering of

t her nopl asti c pol yet hyl ene shall be applied over the sheath. The rated
vol tage of the cable shall be | ] kV [[ ] percent insulation |eve
for [ ] kV systen.

12.2.7 Medi um Vol t age Cabl e Terni nati ons

CEl 20-24. Provide term nations including stress control term nator

ground cl anp, connectors, and lugs. The term nator shall be the product of
one manufacturer, suitable for the type and materials of the cable

term nated. Furnish conponents in the formof a "CE |isted" kit, including
conpl ete instructions which shall be followed for assenbly and
installation. Provide terninator as specified herein for terminating
singl e conductor, [or the single conductor of nulticonductor,] solid

i nsul ated, nonnetallic jacketed type cables for service voltage up to 35 KV
i ndoor and outdoor. Do not use separate parts of copper or copper alloy in
contact with aluminumor alumnumalloy parts in the construction or
installation of the termnator

[2.2.7.1 I ndoor Term nations/ Term nations Wthin Equi pnent Encl osures

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Provide with skirts. By including skirts for
"indoor" and "wi thin equipnent" |ocations, tracking
resistance is significantly inproved.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

The indoor term nator shall be cold-shrink type or heat shrinkable type.
a. Cold-Shrink Type

Term nator shall be a one-piece design, where high-dielectric constant
(capacitive) stress control is integrated within a skirted insul ator
made of silicone rubber. Term nation shall not require heat or flane
for installation. Termnation kit shall contain all necessary
materials (except for the lugs). Termination shall be designed for
installation in |ow or highly contam nated i ndoor and outdoor |ocations
and shall be rated for continuous operation at 90 degree C, with an
energency overl oad tenperature rating of 130 degree C.

b. Heat Shrinkable Type
Term nator shall consist of a uniformcross section heat shrinkable
pol ymeric construction stress relief tubing and environnentally seal ed
outer covering that is nontracking, resists heavy atnospheric
contam nants, ultra violet rays and oxidative deconposition. Provide
heat shrinkabl e sheds or skirts of the same nmateri al
1[2.2.7.2 Qut door Term nations

The outdoor term nator shall be cold shrink type or porcelain insulator
type.

SECTI ON 16303 Page 20



a. Cold-Shrink Type

Term nator shall be a one-piece design, where high-dielectric

constant (capacitive) stress control is integrated within a skirted

i nsul ator nade of silicone rubber. Term nation shall not require heat
or flame for installation. Termnation kit shall contain all necessary
materials (except for the lugs). Termination shall be designed for
installation in |ow or highly contam nated i ndoor and outdoor |ocations
and shall be rated for continuous operation at 90 degree C, with an
energency overl oad tenperature rating of 130 degree C.

b. Porcelain Insulator Type

The term nator shall conply with requirenents of CEl 20-24, except that
the requirenents of design tightness test need not be net. However,
the term nator shall not exude any insulating filler conmpound under
either test or service. The termnator shall consist of a porcelain

i nsul ator, copper cabl e connector-hoodnut assenbly and copper aeri al
lug as required, nmetal body and supporting bracket, sealed cable
entrance, internal stress relief device for shielded cable, and
insulating filler conpound or materi al

1[2.2.7.3 Term nation; Separabl e | nsul ated Connector Type

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Separabl e insul ated connectors, such as

| oad- break el bows, nmay be used with certain

equi pnent. Where they are required, they should be
specified in the section that provides the equi pnent
and cross referenced herein for installation and
testing.

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

Provi de as specified in Section | 1, "I ]1".

12.2.8 Medi um Vol t age Cabl e Joints

Provide joints (splices) in accordance with CEl 20-24 suitable for the
rated voltage, insulation level, and insulation type of the cable. Upon
request, supply manufacturer's design qualification test report.
Connectors for joint shall be tin-plated electrolytic copper, having ends
tapered and having center stops to equalize cable insertion. Connectors
shall be rated for voltage of 35 kV m ni num

a. Heat-Shrinkable Joint: Consists of a uniform cross-section
heat - shri nkabl e polyneric construction with a linear stress relief
system a high dielectric strength insulating naterial, and an
integrally bonded outer conductor layer for shielding. Replace
original cable jacket with a heavy-wall heat-shrinkable sleeve with
[hot-nelt adhesive coating.] [waterproof mastic seal on both ends.]

b. Watertight Taped-Type Joint: Consists of an approved connector
self-fusing or self-bonding insulating tape, self-fusing seniconducting
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tape, tinned copper shielding tape or braid, and plastic tape.

[c. Vulcanized-Type Joint: Heat-pressure process of an approved type and
enpl oying materials and equi pnent suitable for the type and vol tage of
cables for which it is used. Materials used in the jointing process
shall be fully and permanently conpatible with nmaterials in the cables.

Vul cani zed-type joints are linmted to 5 kV systens.]

[d.  Cold-shrink rubber-type joint: Joint shall be of a cold shrink design
that does not require any heat source for its installation. Splice
i nsul ation and jacket shall be of a one-piece factory forned cold
shrink sl eeve made of black EPDM rubber. Splice shall be packaged
three splices per kit, including conplete installation instructions.
Col d-shrink rubber-type joints are limted to 8.7 kV systens. ]

[2.2.9 Li ve End Caps
Provide live end caps using a "kit" including a heat-shrinkable tube and a
hi gh dielectric strength, polynmeric plug overlapping the conductor. End
cap shall conformto applicable portions of CEl 20-28.

12.2.10 Tape

2.2.10.1 I nsul ati ng Tape

CEl EN 60454-3-2 and CEl EN 60454-1, plastic insulating tape, capable of
performing in a continuous tenperature environnent of 80 degrees C.

2.2.10.2 Buried Warning and ldentification Tape

Provi de detectable tape in accordance with Section 02315, "Excavation and
Fill".
EIRE R R I S I b I R I b R I S I S I R I R R S S I S R I R A R I O I S S S R I I O I O S A I I

NOTE: Provide the follow ng paragraph where medi um
vol tage cable (2200 volts or greater) is installed
i n manhol es, handhol es and vaul ts.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

2.2.10.3 Fi reproofing Tape
Furni sh tape conposed of a flexible confornmabl e unsupported intunescent
el astonmer. Tape shall be noncorrosive to cable sheath, self-extinguishing,
nonconbusti bl e, and shall not deteriorate when subjected to oil, water
gases, salt water, sewage, and fungus.

2.2.11 Pul | Rope
Shal | be plastic having a mninumtensile strength of 890 N

2.2.12 Groundi ng and Bondi ng Equi prent
CEl 11-1 and CEl 64-8. Provide copper clad steel ground rods with dianeter

adequate to permt driving to full length of the rod, but not |ess than 19
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mmin diameter. Gound rods shall be[ 3000 nmlong][ 6000 nm | ong
sectional type] unless otherw se indicated.

2.2.13 Under ground Structures

EE R R R R R R R R R R R R R R R R I R R R R I R

NOTE: This paragraph should be edited to conply
with project requirenents concerning the type of
structure or duct, strength of concrete, concrete
m x, netal accessories, and excavating and grading.
I ndi cate special reinforcing where required,
particularly wth duct banks of non-rectangul ar
cross-section. Designer shall contact |oca

t el ephone conpany, where applicable, concerning the
size of all signal manhol es and the nunber and type
of signal duct required. Deternine availability
since aircraft or highway | oadings may not be
avai l abl e in precast.

See standard sketches UG 1 through UG 7, covering
manhol es and handhol es | ocated at

www. ef dl ant . navfac. navy. m |/l antops_04/ bbs. ht m The
requi red sketches should be included on the project
dr awi ngs.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Provi de precast concrete underground structures or standard type cast in
pl ace [manhol e] [and] [handhol e] types as indicated, conformng to Law 1086,
DM 9-1-96, and DM 16-1-96 [, except that the spaci ng of nanhol e steps
or |ladder rungs shall not exceed 400 nmmj. Top, walls, and bottom shal
consi st of reinforced concrete. Wlls and bottom shall be of nonolithic
concrete construction. Locate duct entrances and wi ndows near the corners
of structures to facilitate cable racking. Covers shall fit the franmes
wi t hout undue play. Formsteel and iron to shape and size with sharp |ines
and angles. Castings shall be free fromwarp and bl ow hol es that may
i mpair strength or appearance. Exposed netal shall have a snooth finish
and sharp lines and arises. Provide necessary |lugs, rabbets, and brackets.
Set pulling-in irons and other built-in itens in place before depositing
concrete. Install a pulling-iniron in the wall opposite each duct |ine
entrance. Cable racks, including rack arns and insulators, shall be
adequate to accomopdate the cable.

2.2.13.1 Cast-1n-Place Concrete Structures
Concrete shall conformto Section 03300, "Cast-in-Place Concrete."
[Construct walls on a footing of cast-in-place concrete except that precast
concrete base sections may be used for precast concrete manhole risers.]
[ Concrete bl ock shall conformto Section 04200, "Unit Masonry."] [Concrete
block is not allowed in areas subject to aircraft |oading.] [Decks and
covers subject to aircraft |oading shall be as indicated on the draw ngs.]
2.2.13.2 Precast Concrete Manhol es, Risers and Tops

In lieu of cast-in-place, Contractors, at their option, nmay provide precast
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concrete underground structures, subject to the requirenents specified

bel ow. Precast units shall be the product of a manufacturer regularly
engaged in the manufacture of precast concrete products, including precast
manhol es and handhol es.

a. General: Precast concrete structures shall have the sane accessories
and facilities as required for cast-in-place structures. Likew se,
precast structures shall have plan area and cl ear heights not |ess than
t hose of cast-in-place structures. Concrete materials and net hods of
construction shall be the sane as for cast-in-place concrete
construction, as nodified herein. Slope in floor may be omitted
provi ded precast sections are poured in reinforced steel forns.
Concrete for precast work shall have an ultinmate 28-day conpressive
strength of not less than 30 MPa. Structures nmay be precast to the
design and details indicated for cast-in-place construction, precast
nonolithically and placed as a unit, or structures may be assenbl ed
sections, designed and produced by the nmanufacturer in accordance with
the requirenents specified. Structures shall be identified with the
manuf acturer's name enbedded in or otherw se permanently attached to an
interior wall face.

b. Design for Precast Structures: ACI 318M 318RM | n the absence of
detailed on-site soil information, design for the foll ow ng soi
paraneters/site conditions:

(1) Angle of Internal Friction (phi) = 0.523 rad
(2) Unit Weight of Soil (Dry) = 1760 kg/n?, (Saturated) = 2080 kg/m

(3) Coefficient of Lateral Earth Pressure (Ka) = 0.33

(4) Gound Water Level = 900 mm bel ow ground el evati on

Rk Rk kR R I O R R I b Ik R R R O kR S O R R SRRk Ik O

NOTE: Specify hi ghway | oading for nost |ocations.
Revise as required if loading in excess of specified
| oading i s required.

Use the second bracketed option for structures that
may be subject to aircraft |oading. Structures
subject to aircraft |oading shall be as indicated on
the drawi ngs. Structure design requirenments nust

al so be shown on the draw ngs. Decks and covers
subject to aircraft |oadings shall be designed for

| oadi ngs per FAA AC- 150/ 5320-6 except as foll ows:

a. Covers shall be designed for 45,000 kg whee
loads with 1.72 MPa tire pressure.

b. For spans of less than 0.6 min the |east
direction, a uniformlive |load of 2.24 Mda shall be
used.

c. For spans of 0.6 mor greater in the |east
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direction, the design shall be based on the nunber
of wheels which will fit the span. \Weel |oads of
34,000 kg each shall be used.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

(5) Vertical design |oads shall include full dead, superinposed dead,
and live loads including a 30 percent nagnification factor for
i mpact. Live |loads shall consider all types and nagnitudes of
vehi cul ar (autonotive, industrial, or aircraft) traffic to be
encountered. [The m ni mum design vertical |oad shall be in
accordance with Law 1086, DM 9-1-96 and DM 16-1-96.] [ Decks
and covers subject to aircraft |oading shall be as indicated on
t he draw ngs.]

(6) Horizontal design loads shall include full geostatic and
hydrostatic pressures for the soil paraneters, water table, and
depth of installation to be encountered. Al so, horizontal | oads
i mposed by adjacent structure foundations, and horizontal | oad
conmponents of vertical design |oads, including inpact, shall be
considered, along with a pulling-in iron design |oad of 26,700 N

(7) Each structural conponent shall be designed for the |oad
conbi nation and positioning resulting in the maxi num shear and
nmonent for that particular conponent.

(8) Design shall also consider the live |oads induced in the handling,
installation, and backfilling of the manholes. Provide lifting
devices to ensure structural integrity during handling and
installation.

c. Construction: Structure top, bottom and wall shall be of a uniform
t hi ckness of not less than 150 mm Thin-wall ed knock-out panels for
designed or future duct bank entrances shall not be permtted.
Quantity, size, and location of duct bank entrance wi ndows shall be as
directed, and cast conpletely open by the precaster. Size of w ndows
shal | exceed the nom nal duct bank envel ope di nensions by at |east 300
mm vertically and horizontally to preclude in-field w ndow
nodi fi cati ons nmade necessary by duct bank m salignnment. However, the
sides of precast wi ndows shall be a mninmumof 150 nmfromthe inside
surface of adjacent walls, floors, or ceilings. Formthe perineter of
precast w ndow openings to have a keyed or inward flared surface to
provide a positive interlock with the mating duct bank envel ope.
Provi de wel ded wire fabric reinforcing through wi ndow openi ngs for
in-field cutting and flaring into duct bank envel opes. Provide
additional reinforcing steel conprised of at |least two 14 nmm di aneter
bars around wi ndow openings. [The m ni nrum concrete cover for
reinforcing steel shall be 50 mm] Provide drain sunps for precast
structures a mninumof 300 nmin diameter and 100 nm deep

d. Joints: Provide tongue-and-groove joints on mating edges of precast
conponents. Shiplap joints are not allowed. Design joints to firmy
i nterlock adjoining conmponents and to provi de waterproof junctions and
adequat e shear transfer. Seal joints watertight using preforned
plastic strip. Install sealing material in strict accordance with the
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seal ant manufacturer's printed instructions. Provide waterproofing at
condui t/duct entrances into structures, and where access frame neets
the top slab, provide continuous grout seal

2.2.13.3 Manhol e Franmes and Covers

Provi de cast iron frames and covers for manhol es conformng to UNI EN 124,
Cast the words "ELECTRIC' and "TELEPHONE" in the top face of power and
t el ephone manhol e covers, respectively.

2.2.13. 4 Handhol e franes and covers

Frames and covers of steel shall be welded by qualified welders in

accordance with standard comercial practice. Steel covers shall be

roll ed-steel floor plate having an approved antislip surface. Hi nges shal

be of [stainless steel with bronze hinge pin] [wought steel], 125 by 125 mm
by approximately 5 mmthick, w thout screw holes, and shall be for ful

surface application by fillet welding. H nges shall have nonrenovabl e pins

and five knuckles. The surfaces of plates under hinges shall be true after

the renoval of raised antislip surface, by grinding or other approved

nmet hod.

[2.2.13.5 Ductile Iron Franes and Covers for Airfield Facilities

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Use this paragraph for structures subject to
aircraft | oading.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

Ductile iron covers and franmes designed for a m ni nrum proof | oad of 45,000
kg, may be provided in |ieu of the steel franes and covers indicated.
Covers shall be of the sane material as the franes. Proof |oading shall be
perfornmed in accordance with UNI EN 124. Proof |oad class shall be
physically stanped into the cover. Provide the Contracting O ficer copies
of previous proof |oad test results perforned on the sane frames and covers
as proposed for this contract. The top of the structure shall accept the
ductile iron structure. The finished structure shall be |evel and
non-rocking, with the top flush with the surroundi ng pavenent.

12.2.14 Pol ypr opyl ene Handhol es
Provi de polynmer concrete reinforced with a heavy weave fibergl ass
reinforcing, IP 67 in accordance with CElI EN 60529, with heavy duty traffic
type cover and frame in accordance with UNI EN 124.
2.2.15 Cabl e Supports (Racks, Arns and |nsul ators)
The netal portion of racks and arns shall be zinc-coated after fabrication
2.2.15.1 Cabl e Racks
The wal | bracket shall be 100 nm by approxi mately 40 nm by 5 nm channe

steel,[ 1220 mmlong (mMnimum in manholes] [and] [[__] mmlong in
handhol es]. Slots for nounting cable rack arns shall be spaced at 200 mm
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i nterval s.
2.2.15.2 Rack Arnmns

Cabl e rack arns shall be steel or nalleable iron or glass reinforced nylon
and shall be of the renpvable type. Rack armlength shall be a m ni mum of
200 mm and a maxi mum of 300 mm

2.2.15.3 | nsul ators

Insulators for metal rack arms shall be dry-process glazed porcelain
Insul ators are not required for nylon arns.

2.2.16 Cabl e Tags

Provi de as specified in 16050, "Basic Electrical Mterials and Methods. "
2.3  SOURCE QUALITY CONTROL
2.3.1 Arc-Proofing Test for Cable Fireproofing Materials

Manuf acturer shall test [one] [three] sanple [assenbly] [assenblies, each]
consisting of a straight |ead tube 300 mMmlong with a 65 nm outside
dianmeter, and a 3 mmthick wall, and covered with one-half lap |layer of arc
and fireproofing material per manufacturer's instructions. The arc and
fireproofing tape shall wi thstand extrene tenperature of a high-current
fault arc 13,000 degrees K for 70 cycles as deternined by using an argon
directed plasnma jet capable of constantly producing and nmaintaining an arc
tenperature of 13,000 degrees K. Tenperature (13,000 degrees K) of the
ignited arc between the cat hode and anode shall be obtained froma DC power
source of 300 (plus or minus 5) anperes and 20 (plus or mnus 1) volts.

The arc shall be directed toward the sanple assenbly accurately positioned
5 (plus or minus 1) nillineters dowmstreamin the plasna fromthe anode
orifice by fixed flowrate of argon gas (0.18 g per second). Each sanple
assenbly shall be tested at three unrelated points. Start tine for tests
shal |l be taken fromrecorded peak current when the specinen is exposed to
the full test tenperature. Surface heat on the specinen prior to that tine
shall be mnimal. The end point is established when the plasna or
conductive arc penetrates the protective tape and strikes the |ead tube.
Submittals for arc-proofing tape shall indicate that the test has been
perfornmed and passed by the nanufacturer

2.3.2 Medi um Vol tage Cable Qualification and Production Tests

Results of CEl 11-17 and CEl 11-1 qualification and production tests as
applicabl e for each type of nedium voltage cable.

PART 3 EXECUTI ON

3.1 | NSTALLATI ON

EE R R R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Soil treatnment for termte control shal
conformto Section 02361, "Soil Treatnent for
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Termite Control," except that application to direct
burial cable installation shall be as specified. In
lieu of soil poisoning, cable in direct-buried
EPC- 40- PVC conduit can be a nore econom cal and
practical way of protecting cable fromternites.

EE R R R R R R R R R R R R R R R R I R R R R I R

Underground installation shall conformto CEl 11-17 and CEl 11-1 except as
ot herwi se specified or indicated.

1.1 Cont ract or Damage

The Contractor shall pronptly repair any indicated utility lines or systemns
damaged by Contractor operations. Damage to |lines or systens not

i ndi cated, which are caused by Contractor operations, shall be treated as
"Changes" under the terns of the General Provisions of the contract. |If
the Contractor is advised in witing of the |location of a nonindicated |ine
or system such notice shall provide that portion of the Iine or system
with "indicated" status in deternmining liability for danages. Nonindicated
utility lines found by the Contractor while scanning the construction site
with el ectromagnetic or sonic tracing equipnment will be treated as
"indicated" utilities. In any event, the Contractor shall inmediately
notify the Contracting O ficer of any such damage.

1.2 Concrete

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

NOTE: Use the first bracketed paragraph when

proj ect includes a concrete section in Division 3;
ot herwi se, the second bracketed paragraph nay be
used.

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

[Concrete work for electrical requirenments shall be 20 MPa m nimumul ti mate
28-day conpressive strength with 25 mm nmaxi num aggregate conformng to the
requi renents of Section 03300, "Cast-in-Place Concrete."]

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: |If concrete requirenents are detailed and no
cast-in-place concrete section is to be included in
the project specification, refer to Section 03300,
"Cast-in-Place Concrete," and sel ect such portions
as needed to provide conplete requirenents.

EE R R R R R R R R R R R R R R R R R R R R R I R R R O R

[ Shal | be conposed of fine aggregate, coarse aggregate, portland cenent,
and water so proportioned and m xed as to produce a plastic, workable

m xture. Fine aggregate shall be of hard, dense, durable, clean, and
uncoat ed sand. The coarse aggregate shall be reasonably well graded from5
mmto 25 mm The fine and coarse aggregates shall be free frominjurious
amounts of dirt, vegetable matter, soft fragnents or other deleterious
substances. Water shall be fresh, clean, and free fromsalts, alkali
organic matter, and other inmpurities. Concrete shall have a conpressive
strength of [20] [30] MPa at the age of 28 days. Slunp shall not exceed
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3.

[75] [100] mm Retenpering of concrete will not be permtted. Exposed,
unforned concrete surfaces shall be given a snooth, wood float finish.
Concrete shall be cured for a period of not |ess than 7 days, and concrete
made with high early strength portland cenent shall be repaired by patching
honeyconbed or otherw se defective areas with cenent nortar as directed by
the Contracting Officer. Air entrain concrete exposed to weather using an
air-entraining adm xture. Air content shall be between 4 and 6 percent.]

1.3 Direct Burial System

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Direct earth burial cables generally require
direct burial splices. COCbserve nmarker slab
requirenents previously covered in this

speci fication.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Bury cables directly in earth, except under [railroad tracks,] [paved
areas,] [and] [roadways,] install cables in conduit encased in concrete.
Install cables buried directly in earth in the foll owi ng manner:

a. Slope ducts to drain.

b. Excavate trenches in which the cables are placed by hand or with
mechani cal trenchi ng equi pnent, and provide a m ni nrum cabl e cover of
610 nm bel ow fi ni shed grade for power conductors operated at 600 volts
and less, and 770 mmto the top of the cables for over 600 volts.
Trenches shall be not less than [150] [200] mm wi de, and shall be in
straight lines between cable markers. [Cable plows shall not be used.]
Bends in trenches shall have a radius of not |ess than 915 mm \here
two or nore cables are laid parallel in the sanme trench, space cables
laterally at not less than 75 mm apart, except that comuni cation cable
shal | be separated from power cable by a m ni mum di stance of 300 mm

c. Do not unreel and pull cables into the trench fromone end. However,
the cable [may] [shall] be unreeled on grade and lifted into position
[ Cabl e beddi ng and cover shall consist of material which would pass a 6
nm screen with no sharp objects. Wen rock is encountered, renove to a
depth of at least 75 mmbelow the cable and fill the space with sand or
clean earth free fromparticles larger than 6 nm] [Cable beddi ng and
cover shall consist of a 75 nm sand bedding with 75 nmm nore sand pl aced
on top of cable.]

.1.3.1 Rest orati on

Repl ace sod whi ch has been renpbved, as soon as possible after backfilling
is conpleted. Restore areas disturbed by trenching, storing of dirt, cable
| ayi ng, pad construction, and other work to original condition and maintain
until final acceptance. Provide necessary topsoiling, fertilizing, |imng
seedi ng, sodding, sprigging or mulching. [Performwork in accordance with
Section 02921, "Turf," and Section 02930, "Exterior Plants."]

3.1.3.2 Crossi ng Cabl es
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Separate cabl es crossing other cables or netal piping fromthe other cables
or pipe by not less than [75] [300] mmof well tanped earth, in accordance
to CEl 11-17.

.1.3.3 Splicing

Provi de cables in one piece without splices between connections except
where the distance exceeds the |l engths in which cables are manufactured.

.1.3.4 Bends

Bends in cables shall have an inner radius not |ess than [those specified
by cabl e manufacturer's for the type of cable specified.] [12 tinmes the
cabl e dianeter.]

.1.3.5 Hori zontal Sl ack

Leave approxi mately 900 mm of horizontal slack in the ground on each end of
cabl e runs, on each side of connection boxes, and at points where
connections are brought above ground. Were cable is brought above ground,
| eave additional slack to nake necessary connections. [Splices in

| ead- sheat hed or arnored cables shall be enclosed in split-type cast-iron
splice boxes; after conpletion of the connection, tightly clanp the box and
fill with insulating filler conpound.]

. 1.4 Identification Slabs [ Markers]

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Use this paragraph for direct buried cable and
for direct buried conduit, to mark ends of conduit

sl eeves under paved areas and to nmark | ocation of

st ubout s.

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

Provide a slab at each change of direction of direct buried cable, over
each splice, over the ends of ducts or conduits which are installed under
paved areas and roadways, and over ends of stubouts. Identification slabs
shal | be concrete, approximtely 500 mm square by 150 mmthick and shall be
set flat in the ground so that the top surface projects not |ess than 20 mm
nor nmore than 30 mm above ground. The concrete shall have a conpressive
strength of not |ess than 20 MPa and have a snooth trowel ed finish on

exposed surface. Inscribe an identifying | egend such as "electric cable,"
"tel ephone cable," "splice," or other applicable designation on the top
surface of the slab before concrete hardens. Inscribe circuit

identification synmbols on slabs as directed. Letters or figures shall be
approxi nately 50 nm hi gh and grooves shall be approximately 6 nmin w dth
and depth. Install slabs so that the side nearest the inscription on top
shal | include an arrow i ndicating the side nearest the cable.

.1.5 Under ground Conduit/Duct Wthout Concrete Encasemnent

The type of conduit shall be PVC heavy duty type or rigid netal conduit.

3.1.5.1 Conduit Installation
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The top of the conduit shall be not |ess than 610 nm bel ow grade, and shal
have a m ni num sl ope of 75 mmin each 30 neters away from buil di ngs and
toward manhol es and ot her necessary drai nage points. Run conduit in
straight |ines except where a change of direction is necessary. Termnate
conduits in end-bells where they enter underground structures. As each
conduit run is conpleted, draw a nonflexi ble testing mandrel not |ess than
305 mMmmlong with a dianeter 6 nmless than the inside dianmeter of the
conduit through the conduit. After which, draw a stiff bristle brush
through until conduit is clear of particles of earth, sand and gravel; then
i Mmediately install conduit plugs. Provide not |less than 75 mm cl earance
fromthe conduit to each side of the trench. G ade bottomof trench
snoot h; where rock, soft spots, or sharp-edged materials are encountered,
excavate the bottomfor an additional 75 mnm fill and tanp level wth
original bottomwi th sand or earth free fromparticles, that wuld be
retained on a 6 nm si eve.

3.1.5.2 Encasenent Under Roads and Structures

Under roads, paved areas, and railroad tracks, install conduits in concrete
encasenment of rectangul ar cross-section providing a mninmumof 75 mm
concrete cover around ducts. The concrete encasenent shall extend at | east
1525 nm beyond t he edges of paved areas and roads, and 3660 nm beyond t he
rails on each side of railroad tracks. Conduits to be installed under

exi sting paved areas which are not to be disturbed, and under roads and
railroad tracks, shall be zinc-coated, rigid steel, jacked into place.
[Hydraulic jet nethod shall not be used.]

3.1.5.3 Mul tiple Conduits

Separate nultiple conduits by a mninumdistance of 50 nm except that
light and power conduits shall be separated fromcontrol, signal, and

t el ephone conduits by a mnimumdi stance of 75 mm Stagger the joints of
the conduits by rows and layers to strengthen the conduit assenbly.
Provi de plastic duct spacers that interlock vertically and horizontally.
Spacer assenbly shall consist of base spacers, internedi ate spacers, and
top spacers to provide a conpletely enclosed and | ocked-in conduit
assenbly. Install spacers per manufacturer's instructions, but provide a
m ni mum of two spacer assenblies per 3050 nm of conduit assenbly.

3.1.6 Under ground Duct with Concrete Encasenent

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

NOTE: Edit this paragraph to conply with project
requi renents concerning the type of structure or
duct, strength of concrete, concrete mx, netal
accessories, and excavating and gradi ng. Indicate
special reinforcing where required, particularly
wi th duct banks of non-rectangul ar cross-section.
Desi gner shall contact |ocal tel ephone conpany,
where applicable, concerning the size of signa
manhol es and the nunber and type of signal duct
required.

EE R R R R R R R R R R R R R R R R R R R R R R R R O O R

SECTI ON 16303 Page 31



Construct underground duct banks of individual conduits encased in
concrete. Except where rigid galvani zed steel conduit is indicated or
specified, the conduit shall be PVC nediumduty type. Do not mx different
ki nds of conduit in any one duct bank. Ducts shall be a m ni nrum of [100]
[125] mmin dianeter unless otherwi se indicated. The concrete encasenent
surroundi ng the bank shall be rectangular in cross-section and shal

provide at |east 75 mm of concrete cover around ducts. Separate conduits
by a m ni mum concrete thickness of [50] [65] mm except separate |ight and
power conduits fromcontrol, signal, and tel ephone conduits by a m ni mum
concrete thickness of 75 mm

.1.6.1 Dept h of Encasenent

The top of the concrete envel ope shall be a mni num of 450 nm bel ow gr ade|[,
except under roads and pavenent, concrete envel ope shall be a m ni mum of
610 nmm bel ow grade] [and under railroad tracks a m ni mum of 1300 nmm bel ow
the top of the rails].

.1.6.2 Sl ope of Encasenent

Duct banks shall have a continuous sl ope downward toward underground
structures and away frombuildings with a mininumpitch of 75 mmin 30
neters. Except at conduit risers, changes in direction of runs exceeding a
total of 0.175 rad, either vertical or horizontal, shall be acconplished by
| ong sweep bends having a minimumradius of curvature of 7.6 nmeters; sweep
bends nmay be conposed of one or nore curved or straight sections or

conbi nati ons thereof. Manufactured bends shall have a mi ni num radius of
450 mm for use with conduits of less than 75 mmin dianeter and a m ni num
radi us of 900 mm for ducts of 75 mmin diameter and | arger. Excavate
trenches along straight lines fromstructure to structure before ducts are
laid or structure constructed so the elevation can be adjusted, if
necessary, to avoid unseen obstruction

.1.6.3 Condui t

Term nate conduits in end-bells where ducts enter underground structures.
Stagger the joints of the conduits by rows and | ayers to strengthen the
duct bank. Provide plastic duct spacers that interlock vertically and
hori zontal ly. Spacer assenbly shall consist of base spacers, internediate
spacers, and top spacers to provide a conpletely enclosed and | ocked-in
duct bank. Install spacers per manufacturer's instructions, but provide a
m ni mum of two spacer assenblies per 3 mof duct bank. Before pouring
concrete, anchor duct bank assenblies to prevent the assenblies from
floating during concrete pouring. Anchoring shall be done by driving
reinforcing rods adjacent to every other duct spacer assenbly and attaching
the rod to the spacer assenbly.

.1.6.4 Test Mandrel
As each section of a duct bank is conpleted fromstructure to structure, a
testing mandrel not |ess than 300 mmlong with a diameter 6 mm | ess than

the inside dianeter of the conduit shall be drawn through each conduit,
after which a stiff-bristled brush, having the dianeter of the conduit
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shal |l be drawn through until the conduit is clear of earth, sand, and
gravel particles. Conduit plugs shall then be i mediately install ed.

3.1.6.5 Connections to Manhol es

Duct bank envel opes connecting to underground structures shall be flared to
have an enl arged cross-section at the manhol e entrance to provide
addi ti onal shear strength. The dinensions of the flared cross-section
shal |l be larger than the correspondi ng manhol e openi ng di nensi ons by no

| ess than 305 mmin each direction. The perineter of the duct bank opening
in the underground structure shall be flared toward the inside or keyed to
provide for a positive interlock between the duct bank and the wall of the
structure. Vibrators shall be used when this portion of the envel ope is
poured to assure a seal between the envel ope and the wall of the structure.

3.1.6.6 Connections to Existing Underground Structures

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

NOTE: Most duct banks do not have reinforcing steel
therefore the first option should be selected. Use
the second option only for duct banks with

rei nforcing steel

EE R R R R R R R R R R R R R R R R R R R R R R O R

For duct bank connections to existing structures, break the structure wal
out to the dinensions required and preserve the steel in the structure
wal . Cut the steel and [extend into] [bend out to tie into the
reinforcing of] the duct bank envelope. Chip the perineter surface of the
duct bank opening to forma key or flared surface, providing a positive
connection with the duct bank envel ope.

3.1.6.7 Connections to Existing Concrete Pads

For duct bank connections to concrete pads, break an opening in the pad out
to the dinensions required and preserve the steel in the pad. Cut the
steel and [extend into] [bend out to tie into the reinforcing of] the duct
bank envel ope. Chip out the opening in the pad to forma key for the duct
bank envel ope.

3.1.6.8 Connections to Existing Ducts

Where connections to existing duct banks are indicated, excavate the banks
to the maxi mum depth necessary. The banks shall be cut off and | oose
concrete renpved fromthe conduits before new concrete-encased ducts are
installed. A reinforced concrete collar, poured nonolithically with the
new duct bank, shall be provided to take the shear at the joint of the duct
banks. [Renpbve existing cables which constitute interference with the
work.] [Abandon in place the unused ducts and cabl es whi ch do not
interfere with the work.]

3.1.6.9 Partially Conpl eted Duct Banks

During constructi on wherever a construction joint is necessary in a duct
bank, prevent debris such as nud, sand, and dirt fromentering ducts by
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providing suitable conduit plugs. Fit concrete envelope of a partially
conpl eted duct bank with reinforcing steel extending a mninumof 600 mm
back into the envel ope and a m ni num of 600 nm beyond the end of the

envel ope. Provide one No. 4 bar in each corner, 75 mmfromthe edge of the
envel ope. Secure corner bars with two No. 3 ties, spaced approxi mately 300
nm apart. Restrain reinforcing assenbly from noving during concrete

pouri ng.

3.1.7 Conduit Plugs and Pull Rope

New conduit indicated as being unused or enpty shall be provided with plugs
on each end. Plugs shall contain a weephole or screen to allow water
drainage. Provide a plastic pull rope having 900 mm of slack at each end
of unused or enpty conduits.

3.1.8 I nnerduct s
Installation shall be as per nanufacturer's instructions.
[3.1.9 Rermoval of Ducts

Where duct lines are renoved from exi sting underground structures, close
t he openings to waterproof the structure. Chip out the wall opening to
provide a key for the new section of wall.

13.1.10 Under ground Conduit for Feeders |Into Buildings

Shal | be heavy duty type PVC or gal vanized rigid steel fromthe service
equi pnment to a point 1500 mm beyond the buil ding and projections thereof.
Protect the ends of the conduit. Provide threaded nmetal caps or bushings
for metal conduit, and coat the threads with graphite grease or other
coating. Cean and plug conduit until conductors are installed. Encase
t he underground portion of the conduit in a concrete envel ope and bury as
speci fied for underground duct with concrete encasenent.

3.1.11 Conduit Protection at Concrete Penetrations

Gal vani zed conduits which penetrate concrete (slabs, pavenent, and wall s)
shall be PVC coated and shall extend fromthe first coupling or fitting
outside either side of the concrete (mninumof 150 nm from penetration).

3.1.12 Installation of Warning and ldentification Tape

Provi de warni ng tape for underground direct buried, in conduit, and
concrete encased systens. Bury tape with the printed side up at a depth of
305 mm bel ow the top surface of earth or the top surface of the subgrade
under pavenents.

3.1.13 Under ground Structure Construction

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: This paragraph should be edited to conply
with project requirenents concerning the type of
structure, strength of concrete, concrete mx, netal
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accessories, and excavating and gradi ng. Indicate
special reinforcing where required. Designer shal
contact |ocal tel ephone conpany, where applicable,
concerning the size of all signal manhol es and the
nunber and type of signal ducts required. Deternine
availability since highway or aircraft |oadings may
not be available in precast.

See standard sketches UG 1 through UG 7, covering
manhol es and handhol es. The required sketches shoul d
be included on the project drawi ngs. These sketches
can be found at

htt p: //ww. ef dl ant . navfac. navy.n | /| antops 04/ hone. ht m

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

Under ground structures shall be of standard type cast-in-place construction
as specified herein and as indicated, or nay be of precast construction as
specified herein. Horizontal concrete surfaces of floors shall have a
snooth trowel finish. Cure concrete by applying two coats of white

pi gment ed nenbrane form ng-curing conpound in strict accordance with the
manufacturer's printed instructions, except that precast concrete may be
steam cured. Curing conpound shall conformto UNI 8656. Locate duct
entrances and wi ndows in the center of end walls (shorter) and near the
corners of sidewalls (longer) to facilitate cable racking and splicing.
Covers for underground structures shall fit the franes w thout undue play.
Steel and iron shall be formed to shape and size with sharp |ines and
angles. Castings shall be free fromwarp and bl ow holes that nay inpair
strength or appearance. Exposed netal shall have a snooth finish and sharp
lines and arises. Provide necessary |lugs, rabbets, and brackets. Set
pulling-in irons and other built-in itens in place before depositing
concrete.

.1.13.1 Precast Concrete Construction

Conmmer ci al precast structures shall be set on 150 mm of |evel, 90 percent

conpacted granular fill, 20 nmto 25 mm si ze, extending 300 mm beyond t he
structure on each side. Ganular fill shall be conpacted by a m ni nrum of
four passes with a plate type vibrator. Installation shall additionally

conformto the manufacturer's instructions.
.1.13.2 Pulling-In Irons

Pulling-in irons shall be steel bars bent as indicated, and cast in the
wal I's and floors. Alternatively, pipe sleeves may be precast into the

wal I's and floors where required to accept U bolts or other types of

pul l'ing-in devices possessing the strengths and cl earances stated herein
The final installation of pulling-in devices shall be nade pernmanent.

Cover and seal exterior projections of thru-wall type pulling-in devices
with an appropriate protective coating. In the floor the irons shall be a
m ni mum of 150 mm fromthe edge of the sunp, and in the walls the irons
shall be located within 150 mm of the projected center of the duct bank

pattern or precast window in the opposite wall. However, the pulling-in
iron shall not be located within 150 mm of an adjacent interior surface, or
duct or precast wi ndow | ocated within the sane wall as the iron. |If a

SECTI ON 16303 Page 35



pulling-in iron cannot be located directly opposite the correspondi ng duct
bank or precast w ndow due to this clearance linitation, |locate the iron
directly above or below the projected center of the duct bank pattern or
precast w ndow the mi ninum di stance required to preserve the 150 nm

cl earance previously stated. In the case of directly opposing precast

wi ndows, pulling-in irons consisting of a 900 mmlength of No. 5
reinforcing bar, fornmed into a hairpin, nmay be cast-in-place within the
precast w ndows sinultaneously with the end of the correspondi ng duct bank

envelope. Irons installed in this manner shall be positioned directly in
line with, or when not possible, directly above or bel ow the projected
center of the duct bank pattern entering the opposite wall, while

mai ntai ning a mninumclear distance of 75 mm from any edge of the
cast-in-place duct bank envel ope or any individual duct. Pulling-in irons
shal |l have a clear projection into the structure of approxi mately 100 mm
and shall be designed to withstand a mninumpulling-in |oad of 26,700 N
Irons shall be [hot-dipped gal vani zed] [zinc-coated] after fabrication

3.1.13. 3 Cabl e Racks, Arms and | nsul ators

Cabl e racks, arns and insulators shall be sufficient to acconmodate the
cables. Racks in power manhol es [and handhol es] shall be spaced not nore
than 900 nm apart, and each manhol e [and handhol e] wall shall be provided
with a mninumof two racks. Racks in signal manhol es [ and handhol es]
shal | be spaced not nore than 420 mmapart with the end rack being no
further than 300 mmfromthe adjacent wall. Methods of anchoring cable
racks shall be as foll ows:

a. Provide a 16 nmdianeter by 125 nmm | ong anchor bolt with 75 nm f oot
cast in structure wall with 50 mm protrusion of threaded portion of
bolt into structure. Provide 16 mm steel square head nut on each
anchor bolt. Coat threads of anchor bolts with suitable coating
i Mmediately prior to installing nuts.

b. Provide concrete channel insert with a minimumload rating of 1200 kg

per nmeter. Insert channel shall be steel of the sane |ength as
"vertical rack channel;" channel insert shall be cast flush in
structure wall. Provide 15 mm steel nuts in channel insert to receive

15 mmdi ameter by 75 mmlong steel, square head anchor bolts.

c. Provide concrete "spot insert" at each anchor bolt l|ocation, cast flush
in structure wall. Each insert shall have m ni num 365 kg | oad rating.
Provide 15 mmdi aneter by 75 nmlong steel, square head anchor bolt at
each anchor point. Coat threads of anchor bolts with suitable coating
i Mmediately prior to installing bolts.

3.1.13. 4 Groundi ng in Underground Structures
Provi de a bare copper cable on each interior sidewall sized in accordance
with CEl 11-1 and CEl 64-8. The cables shall be exothermically welded to
the ground rod in the structure, and shall be accessible for future
groundi ng requirenents.

3.1.13.5 Fi el d Painting
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EE R R R R R R R R R R R R R R R R R R R R R R R I O R

NOTE: Include reference to the paint specification
when it is included in the project docunents.

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

[Cast-iron franmes and covers not buried in concrete or nasonry shall be

cl eaned of mortar, rust, grease, dirt and other deleterious nmaterials, and
given a coat of bitum nous paint.] [Steel franes not buried in nasonry and
steel covers shall be cleaned of nortar, dirt and grease by an approved

bl asting process. Surfaces that cannot be cleaned satisfactorily by

bl asting shall be cleaned to bare netal by wi re brushing or other

nmechani cal neans. Surfaces contam nated with rust, dirt, oil, grease, or
ot her contam nants shall be washed with solvents until thoroughly cl eaned.

I mredi ately after cleaning, surfaces shall be given a crystalline phosphate
coating. As soon as practicable after the coating has dried, surfaces
shall be primed with a coat of zinc-nolybdate prinmer and one coat of
synthetic exterior gloss enanel.] [Primer and paint shall be as specified
in Section 09900, "Paint and Coatings."]

3.1.14 Pol ypr opyl ene Handhol e I nstall ation
Install as indicated and in accordance with the manufacturer's instructions.
3.1.15 Cabl e Pulling

[ Test existing ducts with a mandrel and thoroughly swab out to renove
foreign material before pulling cables.] Pull cables down grade with the
feed-in point at the manhol e or buildings of the highest elevation. Use
flexible cable feeds to convey cabl es through manhol e opening and into duct
runs. Do not exceed the specified cable bending radii when installing
cabl e under any conditions, including turnups into swtches, transforners,
swi tchgear, switchboards, and other enclosures. Cable with tape shield
shal | have a bending radius not |less than 12 tinmes the overall dianeter of
the conpleted cable. |If basket-grip type cable-pulling devices are used to
pull cable in place, cut off the section of cable under the grip before
splicing and term nating.

3.1.15. 1 Cabl e Lubricants

Use lubricants that are specifically recomended by the cabl e nanufacturer
for assisting in pulling jacketed cables.

3.1.15.2 Cabl e Pulling Tensions

Tensions shall not exceed the nmaxi mum pul ling tension recomended by the
cabl e manuf acturer.

3.1.15.3 Installation of Cables in Underground Structures
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NOTE: On contracts where existing cables are
recircuited special attention should be given to
changi ng existing cable identification tags in each
manhol e to reflect new circuit nunbers.
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Do not install cables utilizing the shortest path, but route along those
wal I s providing the |ongest path and the maxi num spare cable | engths. Form
cables to closely parallel walls, without interference to duct entrances,
and support on brackets and cable insulators. Support cable splices in
underground structures by racks on each side of the splice. Locate splices
to prevent cyclic bending in the spliced sheath. Install cables at mddle
and bottom of cable racks, |eaving top space open for future cables, except
as otherwi se indicated for existing installations. Provide one spare
three-insulator rack armfor each cable rack in each underground structure.
In existing manhol es, handhol es and vaults where new ducts are to be
term nated or where new cables are to be installed, nodify the existing
installation of cables, cable supports and grounding as required for a
uniforminstallation with cables carefully arranged and supported in the
sanme manner as specified for new cables. [Provide | ] cable racks in
each existing underground structure through which cable is run.]

3.1.15. 4 Cabl e Markers (or Tags) in Underground Structures

Provide as specified in Section 16050, "Basic Electrical Miterials and
Met hods. "

[3.1.15.5 Conductors Installed in Parallel

Conductors shall be grouped such that each conduit of a parallel run
contai ns 1 Phase A conductor, 1 Phase B conductor, 1 Phase C conductor, and
1 neutral conductor, unless otherw se indicated.

13.1.16 600 Volt Cable Splicing and Term nating
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NOTE: Direct earth burial cables generally require
direct burial splices. Incorporate marker slab
requirenents previously covered in this

speci fication.
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Provi de splices and term nations to protect 600 volt insulated power and
lighting cables fromaccidental contact, deterioration of coverings and

noi sture. Make terminations and splices with materials and net hods as

i ndi cated or specified herein and as designated by the witten instructions
of the manufacturer. Do not allow the cables to be nmoved until after the
splicing material has conpletely set. [Make splices in underground

di stribution systens only in accessible |ocations such as manhol es and
handhol es. ]

3.1.17 Medi um Vol t age Cabl e Terni nati ons

Provide term nating devices and nmaterials to protect nmedi umvoltage cable
term nations fromaccidental contact, deterioration of coverings, and

noi sture. Make terminations by using materials and nethods specified
herein and as designated by the witten instruction of the cable

manuf acturer and termnation kit manufacturer. Termination for
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hi gh-vol t age cabl es shall be rated, and be capable of wi thstanding test

vol tages, in accordance with CEl 20-24. Term nations of single- and

nmul ti conductor cables shall include the securing and sealing of the sheath
and insulation of the cable conductors, stress relief and groundi ng of
cabl e shields of shielded cable, and grounding of neutral conductors,

netal lic sheaths, and arnor. Adequately support cables and cabl e

term nations to avoid any excessive strain on the ternination and the
conduct or connection

3.1.18 Medi um Vol t age Cabl e Joints

Provi de power cable joints (splices) suitable for continuous inmersion in
water [and direct burial]. Muke joints only in accessible locations in
manhol es or handhol es by using naterials and net hods specified herein and
as designated by the witten instructions of the cable manufacturer and the
joint kit manufacturer. [Clearly mark joints buried directly in earth by
an identification slab.] Size connectors properly for the cabl e being
connected and crinp using a full circle conpression tool

3.1.18.1 Joints in Shielded Cables

Cover the joined area with netallic tape, or material |ike the origina
cabl e shield and connect it to the cable shield on each side of the splice.

[ Gound ends of insulated sections terminating in potheads at the pothead
termnal only.] Provide a bare copper ground connection brought out in a
wat erti ght nanner and grounded to a ground rod as part of the splice
installation. Gound conductors, connections, and rods shall be as
specified el sewhere in this section. Wre shall be trained to the sides of
the encl osure to prevent interference with the working area

[3.1.18.2 Lead- Sheat hed Cabl e Joints

Prepare for jointing by cutting the | ead sheath back the required distance
and belling the remaining cable sheath to prevent damage to the conductor

i nsulation. Cean insulated conductors and tape and cut insulation to
expose bare wires for the required distance. C ean conductor thoroughly,
then join by a split or slotted tinned copper connector or other approved
connector. Sol der conductors and connector and wap joint with conpatible
sem conducting tape and insulating tape as recommended by the manufacturer
so that insulation will be at least equal to the rated insulation of the
cable. [For cable over 7500 volts operating voltage, provide cable shield
splice.] Center the |lead sleeve over the prepared joint, [boil out the
area with hot insulating oil,] [fill with an insulating oil] [fill with an
i nsul ati ng conpound] and solder seal. [Alternately use a

factory-engi neered heat shrinkable joint kit to conplete the splice. Heat
shrinkable joint kit shall contain necessary materials except connector to
provide oil stop and oil seal, electrical stress, control, insulation
shi el ding and environnental sealing. Kit shall allow for externa
groundi ng. ]

13.1.19 Cabl e End Caps
Cabl e ends shall be sealed at all times with coated heat shrinkable end

caps. Cables ends shall be seal ed when the cable is delivered to the job
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site, while the cable is stored and during installation of the cable. The
caps shall remain in place until the cable is spliced or term nated.
Seal i ng conpounds and tape are not acceptable substitutes for heat
shrinkabl e end caps. Cable which is not sealed in the specified manner at
all times will be rejected.

[3.1.20 Li ve End Caps

Provide live end caps for single conductor medi umvoltage cabl es where
i ndi cat ed.

13.1.21 Fi reproofing of Cables in Manhol es, Handhol es and Vaults

Fireproof (arc proof) wire and cables which will carry current at 2200
volts or nore in manhol es, handhol es, and vaults.

3.1.21.1 Fi reproofing Tape

Tightly wap strips of fireproofing tape around each cable spirally in
hal f -1 apped wapping. Install tape in accordance with manufacturer's
i nstructions.

[3.1.21.2 Tape- W ap

Tape-w ap | ead-sheat hed, other netallic-sheathed, or netallic arnored
cables without a nonnetallic protective covering over the sheath or arnor
prior to application of fireproofing. Wap shall be in the formof two
tightly applied half-lapped | ayers of a pressure-sensitive 0.254 mmthick
pl astic tape, and shall extend not less than 25.4 mminto the duct. Even
out irregularities of the cable, such as at splices, with insulation putty
bef ore applyi ng tape.

13.1.22 Groundi ng Systens
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NOTE: The Desi gner nust deternine the grounding
requirenents for each project. Show all necessary
ground rods and ground girdl es on the draw ngs.
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Noncurrent-carrying netallic parts associated with electrical equipnent
shal | have a maxi numresi stance to solid earth ground in accordance to CE
11-1, CEl 64-8, or as listed below, whichever is |ower:

[ Generating and control equi pnent
1000 volts and over 1 ohnj

[[Main substations] [, distribution
substations] [, switching stations]
[, primary distribution stations
encl osed by fences]

[ 500 kVA or |ess 5 ohns]
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[ 500 kVA to 1000 kVA 5 ohns]
[ 1000 kVA or over 3 ohns]]

[ Pad- mount ed transfornmers w t hout
protective fences 5 ohns]

[ G ound in nmanhol es, handhol es, and
vaul ts 5 ohns]

[ G oundi ng other netal enclosures of
primary voltage electrical and
el ectrically-operated equi pnent 5 ohns]

[ G ounded secondary distribution

system neutral and noncurrent -

carrying netal parts associated

with distribution systens and grounds

not ot herw se covered 5 ohns]

When work in addition to that indicated or specified is directed in order
to obtain the specified ground resistance, the provisions of the contract
covering "Changes" shall apply.

.1.22.1 Groundi ng El ectrodes

Provi de cone pointed ground rods driven full depth plus 150 nm installed
to provide an earth ground of the appropriate value for the particular
equi pnrent bei ng grounded.

.1.22.2 Groundi ng Connecti ons

Make groundi ng connections which are buried or otherwi se normally

i naccessi bl e, [excepting specifically those connections for which access
for periodic testing is required,] by exotherm c weld or conpression
connect or.

a. Make 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
acceptable. Mechanical connectors are not required at exothernic welds.

b. Make conpression connections using a hydraulic conpression tool to
provide the correct circunferential pressure. Tools and dies shall be
as reconmended by the manufacturer. An enbossing die code or other
standard nethod shall provide visible indication that a connector has
been adequately conpressed on the ground wire.

.1.22.3 Groundi ng Conductors
Groundi ng conductors shall be stranded-bare copper conformng to
CEl 7-1, for sizes 16 sq. mm and |larger, and shall be solid-bare copper

conforming to CEl 20-20/1 for sizes 10 sq. nm and snmaller. Cable sheaths,
cabl e shields, conduit, and equi pnent shall be grounded in accordance wth
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CEl 11-1.
3.1.22. 4 Ground Cabl e Crossi ng Expansi on Joints

Protect ground cabl es crossing expansion joints or simlar separations in
structures and pavenents by use of approved devices or nethods of
installation which provide the necessary slack in the cable across the
joint to permt novenent. Use stranded or other approved flexible copper
cabl e across such separati ons.

[3.1.22.5 Ground Rod Connecti ons
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NOTE: Do not use this paragraph except when
insulated ground is required; for others, use
groundi ng connection paragraph
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Connect ground rods only to insulated copper ground conductor and weld the
connection. Insulate entire area of the rod in the vicinity of the weld
and the connecting wire and seal against npisture penetration

113.1.22.6 Fence Groundi ng

[ Fences shall be grounded as indicated.] [Fences shall be grounded with a
ground rod at each fixed gate post and at each corner post. Drive ground
rods until the top is 300 nm bel ow grade. Attach a 25 sgq. mm copper
conductor, by exothermc weld to the ground rods and extend underground to
the imediate vicinity of fence post. Lace the conductor vertically into
300 mm of fence nesh and fasten by two approved bronze conpression
fittings, one to bond wire to post and the other to bond wire to fence.
Each gate section shall be bonded to its gatepost by a 3 nmby 25 mm
flexible brai ded copper strap and ground post clanps. C anps shall be of
the anti-electrolysis type.]

13.1.22.7 Manhol e Groundi ng

Loop a 95 m? groundi ng conductor around the interior perineter,
approxi mately 300 nm above finished floor. Secure the conductor to the
manhol e walls at intervals not exceeding 900 mm Connect the conductor to

t he manhol e groundi ng el ectrode with 95 m? conductor. Connect all i ncom ng

95 m? groundi ng conductors to the ground | oop adjacent to the point of

entry into the manhole. Bond the ground loop to all cable shields, netal

cabl e racks, and other nmetal equipnment with a ninimm 10 mr? conduct or .

Provi de direct connections to the groundi ng conductor with 600 volt
i nsulated, full size conductor for each grounded neutral of each feeder
circuit which is spliced within the manhol e.

[3.1.23 Speci al Conditions
During the construction of duct banks and underground structures located in

streets, the streets shall remain open to traffic. Plan and execute the
work to neet this condition. At |ocations where duct banks cross railroad
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tracks and the work requires closing of the tracks, secure perm ssion from
the Contracting O ficer for each track closure.

13.1.24 Excavating, Backfilling, and Conpacting

Provi de under this section as specified in Section 02315, "Excavation and
Fill".

3.1.25 Recondi tioni ng of Surfaces
3.1.25.1 Unpaved Surfaces

Restore to their original elevation and condition unpaved surfaces

di sturbed during installation of duct [or direct burial cable]. Preserve
sod and topsoil renoved during excavation and reinstall after backfilling
is conpleted. Replace sod that is damaged with sod of equal quality to
that renmoved. Wen the surface is disturbed in a newy seeded area,
re-seed the restored surface with the sane quantity and formula of seed as
that used in the original seeding.

3.1.25.2 Pavi ng Repairs
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NOTE: \Where paving repairs are a very mnor part of
project, the first bracketed option nay be used;

ot herwi se, use the second bracketed option and

i ncl ude other sections as needed (al so include
necessary cutting and patching details on the

dr awi ngs.)
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Where trenches, pits, or other excavations are nmade in existing roadways
and other areas of pavenent where surface treatnent of any kind exists,
[restore such surface treatnent or pavenent to the sanme thickness and in
the sane kind as previously existed, except as otherw se specified, and to
match and tie into the adjacent and surroundi ng existing surfaces.] [make
repairs in accordance with Section 02951 "Pavenent Renoval and

Repl acenent . "]

3.2 FI ELD QUALI TY CONTRCL

3.2.1 Performance of Field Acceptance Checks and Tests
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NOTE: Use Section 16081 when nedi um vol tage cabl e
and term nations are in job.
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Performin accordance with the manufacturer's recomendati ons, and i ncl ude
the follow ng visual and nmechani cal inspections and electrical tests[ in
accordance with Section 16081, "Apparatus |Inspection and Testing"].

3.2.1.1 600 Volt Cable Tests
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Performtests in accordance with CEl EN 60811-1-1 and CEl 64-8, after
wiring is conpleted, connected, and ready for operation, but prior to
pl aci ng systens in service and before any branch circuit breakers are
cl osed.

a.

. 2.1,

Vi sual and Mechani cal | nspection

(1) Inspect cables for physical damage and proper connection in
accordance with contract plans and specifications.

(2) Check cable color coding for conpliance with contract
speci fications.

El ectrical Tests

(1) Performinsul ation-resistance test on each conductor with respect
to ground and adjacent conductors. Applied potential shall be
1000 volts DC for 1 minute. Mninmuminsulation - resistance
val ues shall not be | ess than 50 nmegohns.

(2) Performcontinuity test to insure proper cable connection

2 Medi um Vol t age Cabl es

Performtests in accordance to CElI 11-17 after installation of cable,
splices, and terminators and before terminating to equi pnent.

a.

Vi sual and Mechani cal | nspection
(1) Inspect exposed cable sections for physical danage.

(2) Verify that cable supplied is in accordance with contract plans
and specifications.

(3) Inspect for proper shield grounding, cable support, and cable
term nation.

(4) Verify that cable bends are not less than CEl 11-17 or
manuf acturer's m ni rum al | owabl e bendi ng radi us.

(5) Inspect for proper fireproofing.

[(6) If cables are termi nated through wi ndowtype CT's, make an
i nspection to verify that neutrals and grounds are properly
term nated for proper operation of protective devices.]

(7) Visually inspect jacket and insulation condition

(8) Inspect for proper phase identification and arrangenent.

El ectrical Tests

(1) Performa shield continuity test on each power cable by ohmmeter

nmet hod; Record ohm c val ue, resistance values in excess of 10 ohns
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(2)

per 300 neters of cable nust be investigated and justified. Test
vol tages shall conmply with CEl 11-17

Performa DC hi gh-potential test on all cables. Adhere to
precautions and limts as specified in the applicable CEl Standard
for the specific cable. Test procedure shall be in accordance
with CEl 11-17, and the results for each cable test shall be in
accordance with CEl 11-17 recorded as specified herein.

(a) Current-sensing circuits in test equi pnent shall neasure only
the | eakage current associated with the cable under test and
shall not include internal |eakage of the test equipnent.

(b) Record wet- and dry-bulb tenperatures or relative humdity and
t enperature.

(c) Test each section of cable individually.

(d) Individually test each conductor with all other conductors
grounded; Ground all shields.

(e) Term nations shall be properly corona-suppressed by guard
ring, field reduction sphere, or other suitable nethods as
necessary.

(f) Ensure that the maxi numtest voltage does not exceed the
limts for termnators specified in CEl Standards or
manuf acturer's specifications.

(g) Apply the DC high-potential test in at |least five equa
increnments until maxi numtest voltage is reached. No
i ncrenent shall exceed the voltage rating of the cable.
Record DC | eakage current at each step after a constant
stabilization tinme consistent with systemchargi ng current.

(h) Raise the conductor to the specified maxi numtest voltage and
hold for fifteen (15) minutes. Record readings of |eakage
current at 30 seconds and one minute and at one-ninute
intervals thereafter. Provide a graphic plot of readings with
| eakage current (Y axis) versus voltage (X axis) at each
i ncrenent.

(i) Reduce the conductor test potential to zero and neasure
resi dual voltage at discrete intervals.

(j) Apply grounds for a tinme period adequate to drain al
i nsul ation stored charge

(k) When new cables are spliced into existing cables, the DC
hi gh-potential test shall be perforned on the new cable prior
to splicing. After test results are approved for new cable
and the splice is conpleted, an insul ation-resistance test and
a shield-continuity test shall be perforned on the | ength of
new and existing cable including the splice. After a
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satisfactory insulation-resistance test, a DC high-potentia
test shall be perfornmed on the conpleted cable system
utilizing a test voltage 75% of new cabl e tested val ue.

3.2.1.3 Groundi ng System
a. Visual and nechanical inspection

(1) Inspect ground system for conpliance with contract plans and
specifications

b. Electrical tests

(1) Perform ground-inpedance neasurenents utilizing the
fall-of-potential method. On systens consisting of interconnected
ground rods, performtests after interconnections are conplete.

On systens consisting of a single ground rod performtests before
any wire is connected. Take neasurenents in nornmally dry weat her,
not |ess than 48 hours after rainfall. Use a portable ground
testing negger in accordance with manufacturer's instructions to
test each ground or group of grounds. The instrunent shall be
equi pped with a nmeter reading directly in ohns or fractions
thereof to indicate the ground value of the ground rod or
groundi ng systens under test.

3.2.2 Fol  ow-Up Verification

Upon conpl etion of acceptance checks and tests, the Contractor shall show
by denbnstration in service that circuits and devices are in good operating
condition and properly performng the intended function. As an exception
to requirenents stated el sewhere in the contract, the Contracting Oficer
shal | be given 5 working days advance notice of the dates and ti nmes of
checki ng and testing.
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LI ST OF SKETCHES

Sketches are available in nmetric (SI) and U.S. Customary (IP) system
di mensions. Sketch titles and style nunbers are unchanged for both
types.

The netric values indicated are a conversion of the | P system
di nensi ons.

Do not include |ist of sketches, or sketches thenselves, in project
specifications. Use manhole / handhol e sketches as details on draw ngs
whenever possible. Mdify sketches as required for project.

SKETCH NUMBER TITLE

uG - 1 Standard El ectrical Manhole (Nontraffic),
Types 1 and 2

uG - 2 Standard El ectrical Manhole (Traffic),
Types 3 and 4

UG - 3 Standard El ectrical Manhole (Airfield),
Types 5 and 6

uG - 4 Standard El ectrical Handhole (Nontraffic),
Types 1 and 2

UG - 5 St andard El ectrical Handhol e
(Traffic/Airfield), Types 3 and 4

UG - 6 Standard El ectrical Handhole (Nontraffic),
(Conposite / Fiberglass)
Types 5, 6, 7, 8 and 9

uG - 7 Details (Pulling-In Irons, Cable Rack, and
Duct Entrance)

NOTE: The Sketches can be found at

htt p: //ww. ef dl ant . navfac. navy.n | /| antops 04/ hone. ht m
in ACAD format under CAD Details/Electrical and in

pdf format under LINKS/ NAVFAC Criteria Hone

Page/ Publ i cati ons/ GQui de Specificati ons/ G aphics.
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NOTE: Suggestions for inprovenent of this
specification will be wel coned using the "Agency
Response Form' | ocated in SPECSI NTACT under "System
Directory" or DD Form 1426. Suggestions shoul d be
f orwar ded t o:
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Atl antic Division

Naval Facilities Engi neering Comand
Attention ElICO

1510 G |l bert Street

Nor fol k, VA 23511-2699

FAX: (757) 322-4416 or DSN 262- 4416
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-- End of Section --
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