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NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  under gr ound el ect r i cal  wor k.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
pr esent .

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on does not  cover  al l  
possi bl e met hods or  r equi r ement s f or  pr ovi di ng 
under gr ound f aci l i t i es.   To do so woul d be t o 
pr oduce an i nvol ved,  conf usi ng document .   Thi s gui de 
speci f i cat i on pr esent s t he mi ni mal l y accept abl e 
mat er i al ,  usual  met hods and some of  t he most  used 
al t er nat i ves.   Di f f er ent  mat er i al s and met hods,  
pr oper l y speci f i ed,  i ndi cat ed,  and economi cal l y used 
wi l l  be accept abl e when appr oved by t he Cont r act i ng 
Of f i cer .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Not e:   Thi s sect i on use t he f ol l owi ng manhol e /  
handhol e sket ches.

NOTE:   To downl oad UFGS For ms,  Gr aphi cs,  and Tabl es,  
go t o:  ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed-
f aci l i t i es- gui de- speci f i cat i ons- uf gs/ f or ms- gr aphi cs- t abl es

LI ST OF SKETCHES

Sket ches ar e avai l abl e i n met r i c ( SI )  and U. S.  
Cust omar y ( I P)  syst em di mensi ons.   Sket ch t i t l es and 
st y l e number s ar e unchanged f or  bot h t ypes.

The met r i c val ues i ndi cat ed ar e a conver si on of  t he 
I P syst em di mensi ons.

Do not  i ncl ude l i s t  of  sket ches,  or  sket ches 
t hemsel ves,  i n pr oj ect  speci f i cat i ons.   Use manhol e 
/  handhol e sket ches as det ai l s on dr awi ngs whenever  
possi bl e.   I f  speci al  f eat ur es ar e r equi r ed f or  a 
pr oj ect ,  do not  modi f y sket ches,  but  i ndi cat e t hese 
changes on not es bel ow t he sket ch.   The " UG"  st y l e 
number s and dat es shoul d r emai n on t he dr awi ng 
det ai l s.

SKETCH NUMBER TI TLE

UG -  1 St andar d El ect r i cal  Manhol e ( Nont r af f i c) ,  Types 1 and 2

UG -  2 St andar d El ect r i cal  Manhol e ( Tr af f i c) ,  Types 3 and 4

UG -  3 St andar d El ect r i cal  Manhol e ( Ai r f i el d) ,  Types 5 and 6

UG -  4 St andar d El ect r i cal  Handhol e ( Nont r af f i c) ,  Types 1 and 2

UG -  5 St andar d El ect r i cal  Handhol e ( Tr af f i c/ Ai r f i el d) ,  Types 3 and 4

UG -  6 St andar d El ect r i cal  Handhol e ( Nont r af f i c) , ( Composi t e/ Fi ber gl ass)  
Types 5,  6,  7,  8 and 9

UG -  7 Det ai l s ( Pul l i ng- I n I r ons,  Cabl e Rack,  and  Duct  Ent r ance)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ensur e t he f ol l owi ng i nf or mat i on i s shown on 
t he pr oj ect  dr awi ngs:

1.   Wher e speci f i cat i on i dent i f i es t ype,  s i ze,  
col or ,  f i ni sh,  or  ot her  def i ni t i ve i nf or mat i on t o be 
" as i ndi cat ed, "  i ncl ude t he i nf or mat i on on t he 
dr awi ngs.

2.   Locat i on of  duct s,  and cabl es.

3.   Types of  wi r e and cabl e;  number  and si zes of  
conduct or s.
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4.   Gr ound r ods and gr ound r i ngs.

5.   Locat i ons of  f aul t ed c i r cui t  i ndi cat or s,  when 
used.

6.   Speci al  condi t i ons,  i ncl udi ng l i ve end caps and 
duct bank r ei nf or ci ng,  as r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PART 1   GENERAL

1. 1   REFERENCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  318M ( 2014;  ERTA 2015)  Bui l di ng Code 
Requi r ement s f or  St r uct ur al  Concr et e & 
Comment ar y

ACI  SP- 66 ( 2004)  ACI  Det ai l i ng Manual

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel
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ASSOCI ATI ON OF EDI SON I LLUMI NATI NG COMPANI ES ( AEI C)

AEI C CS8 ( 2013)  Speci f i cat i on f or  Ext r uded 
Di el ect r i c Shi el ded Power  Cabl es Rat ed 5 
Thr ough 46 kV

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM B8 ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM B231/ B231M ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Al umi num 1350 
Conduct or s

ASTM B400/ B400M ( 2023)  St andar d Speci f i cat i on f or  Compact  
Round Concent r i c- Lay- St r anded Al umi num 
1350 Conduct or s

ASTM B496 ( 2016;  R 2021)  St andar d Speci f i cat i on f or  
Compact  Round Concent r i c- Lay- St r anded 
Copper  Conduct or s

ASTM B609/ B609M ( 2012;  R 2021)  St andar d Speci f i cat i on f or  
Al umi num 1350 Round Wi r e,  Anneal ed and 
I nt er medi at e Temper s,  f or  El ect r i cal  
pur poses

ASTM B800 ( 2005;  R 2021)  St andar d Speci f i cat i on f or  
8000 Ser i es Al umi num Al l oy Wi r e f or  
El ect r i cal  Pur poses- Anneal ed and 
I nt er medi at e Temper s

ASTM B801 ( 2018;  R 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Conduct or s of  8000 
Ser i es Al umi num Al l oy f or  Subsequent  
Cover i ng or  I nsul at i on

ASTM C32 ( 2023)  St andar d Speci f i cat i on f or  Sewer  
and Manhol e Br i ck ( Made f r om Cl ay or  Shal e)

ASTM C139 ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Masonr y Uni t s f or  Const r uct i on of  Cat ch 
Basi ns and Manhol es

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e
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ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C478M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Manhol e Sect i ons 
( Met r i c)

ASTM C857 ( 2016)  St andar d Pr act i ce f or  Mi ni mum 
St r uct ur al  Desi gn Loadi ng f or  Under gr ound 
Pr ecast  Concr et e Ut i l i t y  St r uct ur es

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM C990M ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s ( Met r i c)

ASTM F512 ( 2019)  St andar d Speci f i cat i on f or  
Smoot h- Wal l  Pol y ( Vi nyl  Chl or i de)  ( PVC)  
Condui t  and Fi t t i ngs f or  Under gr ound 
I nst al l at i on

ASTM F2160 ( 2022a)  St andar d Speci f i cat i on f or  Sol i d 
Wal l  Hi gh Densi t y Pol yet hyl ene ( HDPE)  
Condui t  Based on Cont r ol l ed Out si de 
Di amet er  ( OD)

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 48 ( 2020)  Test  Pr ocedur es and Requi r ement s 
f or  Al t er nat i ng- Cur r ent  Cabl e Ter mi nat i ons 
Used on Shi el ded Cabl es Havi ng Lami nat ed 
I nsul at i on Rat ed 2. 5 kV t hr ough 765 kV or  
Ext r uded I nsul at i on Rat ed 2. 5 kV t hr ough 
500 kV

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE 386 ( 2016)  Separ abl e I nsul at ed Connect or  
Syst ems f or  Power  Di st r i but i on Syst ems 
Rat ed 2. 5 kV t hr ough 35 kV

I EEE 400. 2 ( 2013)  Gui de f or  Fi el d Test i ng of  Shi el ded 
Power  Cabl e Syst ems Usi ng Ver y Low 
Fr equency ( VLF)

I EEE 404 ( 2012)  St andar d f or  Ext r uded and Lami nat ed 
Di el ect r i c Shi el ded Cabl e Joi nt s Rat ed 
2500 V t o 500, 000 V

I EEE 495 ( 2007)  Gui de f or  Test i ng Faul t ed Ci r cui t  
I ndi cat or s
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I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C37. 20. 3 ( 2013)  St andar d f or  Met al - Encl osed 
I nt er r upt er  Swi t chgear

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 94- 649 ( 2021)  Concent r i c Neut r al  Cabl es Rat ed 5 
Thr ough 46 KV

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C119. 1 ( 2023)  El ect r i c Connect or s -  Seal ed 
I nsul at ed Under gr ound Connect or  Syst ems 
Rat ed 600 Vol t s

ANSI / NEMA WC 71/ I CEA S- 96- 659 ( 2014;  R 2022)  St andar d f or  Nonshi el ded 
Cabl es Rat ed 2001- 5000 Vol t s f or  use i n 
t he Di st r i but i on of  El ect r i c Ener gy

NEMA C119. 4 ( 2011)  El ect r i c Connect or s -  Connect or s 
f or  Use Bet ween Al umi num- t o- Al umi num or  
Al umi num- t o- Copper  Conduct or s Desi gned f or  
Nor mal  Oper at i on at  or  Bel ow 93 Degr ees C 
and Copper - t o- Copper  Conduct or s Desi gned 
f or  Nor mal  Oper at i on at  or  Bel ow 100 
Degr ees C

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA TC 6 & 8 ( 2020)  St andar d f or  Pol yvi nyl  Chl or i de 
( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i ons

NEMA TC 7 ( 2021)  Smoot h- Wal l  Coi l abl e and St r ai ght  
El ect r i cal  Pol yet hyl ene Condui t

NEMA TC 9 ( 2020)  St andar d f or  Fi t t i ngs f or  Pol yvi nyl  
Chl or i de ( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i on
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NEMA WC 70 ( 2021)  Power  Cabl e Rat ed 2000 Vol t s or  
Less f or  t he Di st r i but i on of  El ect r i cal  
Ener gy

NEMA WC 74/ I CEA S- 93- 639 ( 2022)  5- 46 kV Shi el ded Power  Cabl e f or  
Use i n t he Tr ansmi ssi on and Di st r i but i on 
of  El ect r i c Ener gy

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

NFPA 70 ( 2023;  ERTA 4 2023;  ERTA 5 2023;  ERTA 6 
2023)  Nat i onal  El ect r i cal  Code

SOCI ETY OF CABLE TELECOMMUNI CATI ONS ENGI NEERS ( SCTE)

ANSI / SCTE 77 ( 2013)  Speci f i cat i on f or  Under gr ound 
Encl osur e I nt egr i t y

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 758 ( 2012b)  Cust omer - Owned Out si de Pl ant  
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS Bul l  1751F- 644 ( 2002)  Under gr ound Pl ant  Const r uct i on

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 60005 ( Basi c;  Not i ce 2)  Fr ames,  Cover s,  
Gr at i ngs,  St eps,  Sump And Cat ch Basi n,  
Manhol e

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 94 ( 2023;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  Jul  2023)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape
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UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 854 ( 2020;  Repr i nt  Nov 2023)  St andar d f or  
Ser vi ce- Ent r ance Cabl es

UL 1072 ( 2006;  Repr i nt  Apr  2020)  Medi um- Vol t age 
Power  Cabl es

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

[ 1. 2   SYSTEM DESCRI PTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  use t hi s par agr aph f or  Navy pr oj ect s.

For  Ar my pr oj ect s,  sel ect  t he f eat ur es and f i l l  i n 
bl anks wi t h sel ect i ons appr opr i at e f or  t he desi gn 
condi t i on and i n accor dance wi t h gui dance cont ai ned 
i n UFC 3- 550- 01,  " Ext er i or  El ect r i cal  Power  
Di st r i but i on" .

See UFC 3- 550- 01 f or  gui dance r egar di ng ser vi ce 
condi t i ons.   Ret ai n or  add t he r equi r ed condi t i ons.

Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  i s t he Engi neer  of  Recor d,  and show on t he 
dr awi ngs.   Del et e t he i nappr opr i at e br acket ed 
phr ase.   Per t i nent  por t i ons of  UFC 3- 301- 01,  
" St r uct ur al  Engi neer i ng"  and Sect i ons 13 48 73 
SEI SMI C CONTROL FOR MI SCELLANEOUS EQUI PMENT and 
26 05 48 SEI SMI C PROTECTI ON FOR ELECTRI CAL EQUI PMENT 
pr oper l y edi t ed,  must  be i ncl uded i n t he cont r act  
document s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I t ems pr ovi ded under  t hi s sect i on must  be speci f i cal l y sui t abl e f or  t he 
f ol l owi ng ser vi ce condi t i ons.   Sei smi c det ai l s must  [ conf or m t o UFC 
3- 301- 01,  " St r uct ur al  Engi neer i ng"  and Sect i ons 13 48 73 SEI SMI C CONTROL 
FOR MI SCELLANEOUS EQUI PMENT and 26 05 48 SEI SMI C PROTECTI ON FOR ELECTRI CAL 
EQUI PMENT]  [ be as i ndi cat ed] .

a.   Fungus Cont r ol  [ _____]

b.   Al t i t ude [ _____]  m f eet .

c.   Ambi ent  Temper at ur e [ _____]  degr ees C F.

d.   Fr equency [ _____]
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e.   Vent i l at i on [ _____]

f .   Sei smi c Par amet er s [ _____]

g.   Humi di t y Cont r ol  [ _____]

h.   Cor r osi ve Ar eas [ _____]

i .   [ _____]

] 1. 3   RELATED REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude Sect i on 26 08 00 APPARATUS I NSPECTI ON 
AND TESTI NG on al l  pr oj ect s i nvol v i ng medi um vol t age 
and gr oundi ng syst ems.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es t o t hi s sect i on,  
wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 4   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as 
def i ned i n I EEE St ds Di ct i onar y.

b.   I n t he t ext  of  t hi s sect i on,  t he wor ds condui t  and duct  ar e used 
i nt er changeabl y and have t he same meani ng.

c.   I n t he t ext  of  t hi s sect i on,  " medi um vol t age cabl e spl i ces, "  and 
" medi um vol t age cabl e j oi nt s"  ar e used i nt er changeabl y and have t he 
same meani ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Navy pr oj ect s,  ar eas subj ect  t o ai r cr af t  
l oadi ng ar e gener al l y def i ned as f ol l ows:

1.   For  f i xed wi ng ai r cr af t  f aci l i t i es:
a)   On or  wi t hi n 61 m 200 f eet  of  r unway si del i ne
b)   On or  wi t hi n 15 m 50 f eet  of  t axi way or  apr on 
si del i ne
c)   Wi t hi n Type 1 c l ear  zone ar ea as def i ned by  UFC 
3- 260- 01,  " Ai r f i el d and Hel i por t  Pl anni ng and 
Desi gn" .

2.   For  r ot ar y wi ng ai r cr af t  f aci l i t i es:
On l andi ng sur f aces,  pr i mar y sur f aces,  or  wi t hi n 
ar eas def i ned as " paved and unpaved shoul der s"  i n 
UFC 3- 260- 01,  " Ai r f i el d and Hel i por t  Pl anni ng and 
Desi gn" .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ d.   Under gr ound st r uct ur es subj ect  t o ai r cr af t  l oadi ng ar e i ndi cat ed on 
t he dr awi ngs.
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] 1. 5   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a " G"  t o an i t em 
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s t o i ndi cat e t he appr ovi ng 
aut hor i t y.   Codes f or  Ar my pr oj ect s usi ng t he 
Resi dent  Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce pr oj ect s,  or  choose t he second br acket ed i t em 
f or  Ar my pr oj ect s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

[ Al umi num Conduct or s;  G[ ,  [ _____] ]

] [   Submi t  modi f i ed dr awi ngs and engi neer i ng cal cul at i ons associ at ed 
wi t h desi gn changes r equi r ed f or  use of  al umi num conduct or s.

] Pr ecast  Under gr ound St r uct ur es;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Submi t t al s ar e r equi r ed f or  each ki nd,  
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vol t age,  or  t ype used on t he pr oj ect .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Medi um Vol t age Cabl e;  G[ ,  [ _____] ]

Medi um Vol t age Cabl e Joi nt s;  G[ ,  [ _____] ]

Medi um Vol t age Cabl e Ter mi nat i ons;  G[ ,  [ _____] ]

[ Li ve End Caps;  G[ ,  [ _____] ]

] Pr ecast  Concr et e St r uct ur es;  G[ ,  [ _____] ]

Seal i ng Mat er i al

Pul l i ng- I n I r ons

Manhol e Fr ames and Cover s;  G[ ,  [ _____] ]

Handhol e Fr ames and Cover s;  G[ ,  [ _____] ]

[ Fr ames and Cover s f or  Ai r f i el d Faci l i t i es;  G[ ,  [ _____] ]

] [ Duct i l e I r on Fr ames and Cover s f or  Ai r f i el d Faci l i t i es;  G[ ,  
[ _____] ]

] Composi t e/ Fi ber gl ass Handhol es;  G[ ,  [ _____] ]

Cabl e Suppor t s ( r acks,  ar ms and i nsul at or s) ;  G[ ,  [ _____] ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Navy pr oj ect s,  do not  use pr ot ect i ve 
devi ce coor di nat i on st udi es.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Pr ot ect i ve Devi ces and Coor di nat i on St udy;  G[ ,  [ _____] ]

] [   Submi t  t he st udy wi t h pr ot ect i ve devi ce equi pment  submi t t al s.   
No t i me ext ensi on or  s i mi l ar  cont r act  modi f i cat i ons wi l l  be 
gr ant ed f or  wor k ar i s i ng out  of  t he r equi r ement s f or  t hi s st udy.   
Appr oval  of  pr ot ect i ve devi ces pr oposed wi l l  be based on 
r ecommendat i ons of  t hi s st udy.   The Gover nment  wi l l  not  be hel d 
r esponsi bl e f or  any changes t o equi pment ,  devi ce r at i ngs,  
set t i ngs,  or  addi t i onal  l abor  f or  i nst al l at i on of  equi pment  or  
devi ces or der ed or  pr ocur ed pr i or  t o appr oval  of  t he st udy.

] SD- 06 Test  Repor t s

Medi um Vol t age Cabl e Qual i f i cat i on and Pr oduct i on Test s;  G[ ,  
[ _____] ]

Fi el d Accept ance Checks and Test s;  G[ ,  [ _____] ]

Ar c- pr oof i ng Test  f or  cabl e f i r epr oof i ng t ape;  G[ ,  [ _____] ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use Cabl e I nst al l at i on onl y when pul l i ng 
cabl e bet ween manhol es;  do not  use f or  pul l i ng f r om 
pol e r i ser  t o manhol e onl y.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Cabl e I nst al l at i on Pl an and Pr ocedur e;  G[ ,  [ _____] ]

] [   [ Si x] [ _____]  copi es of  t he i nf or mat i on descr i bed bel ow i n 215. 9 
by 279. 4 mm 8- 1/ 2 by 11 i nch bi nder s havi ng a mi ni mum of  t hr ee 
r i ngs f r om whi ch mat er i al  may r eadi l y be r emoved and r epl aced,  
i ncl udi ng a separ at e sect i on f or  each cabl e pul l .   Separ at e 
sect i ons by heavy pl ast i c di v i der s wi t h t abs,  wi t h al l  dat a sheet s 
s i gned and dat ed by t he per son super vi s i ng t he pul l .

] [   a.   Si t e l ayout  dr awi ng wi t h cabl e pul l s numer i cal l y i dent i f i ed.

] [   b.   A l i s t  of  equi pment  used,  wi t h cal i br at i on cer t i f i cat i ons.  
The manuf act ur er  and quant i t y of  l ubr i cant  used on pul l .

] [   c.   The cabl e manuf act ur er  and t ype of  cabl e.

] [   d.   The dat es of  cabl e pul l s,  t i me of  day,  and ambi ent  
t emper at ur e.

] [   e.   The l engt h of  cabl e pul l  and cal cul at ed cabl e pul l i ng 
t ensi ons.

] [   f .   The act ual  cabl e pul l i ng t ensi ons encount er ed dur i ng pul l .

] SD- 07 Cer t i f i cat es

Cabl e spl i cer / t er mi nat or ;  G[ ,  [ _____] ]

Cabl e I nst al l er  Qual i f i cat i ons;  G[ ,  [ _____] ]

[ Di r ect i onal  Bor i ng Cer t i f i cat e of  Conf or mance;  G[ ,  [ _____] ]

] 1. 6   QUALI TY ASSURANCE

1. 6. 1   Pr ecast  Under gr ound St r uct ur es

Submi t t al  r equi r ed f or  each t ype used.   Pr ovi de cal cul at i ons and dr awi ngs 
f or  pr ecast  manhol es and handhol es bear i ng t he seal  of  a r egi st er ed 
pr of essi onal  engi neer  i ncl udi ng:

a.   Mat er i al  descr i pt i on ( i . e. ,  f ' c  and Fy)

b.   Manuf act ur er ' s pr i nt ed assembl y and i nst al l at i on i nst r uct i ons

c.   Desi gn cal cul at i ons

d.   Rei nf or ci ng shop dr awi ngs i n accor dance wi t h ACI  SP- 66

e.   Pl ans and el evat i ons showi ng openi ng and pul l i ng- i n i r on l ocat i ons and 
det ai l s

[ 1. 6. 2   Cer t i f i cat e of  Compet ency f or  Cabl e Spl i cer / Ter mi nat or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  t her e i s no medi um 
vol t age wor k r equi r ed f or  t he pr oj ect .   For  CONUS 
pr oj ect s,  sel ect  t he f i r st  br acket ed par agr aph.   For  
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OCONUS pr oj ect s,  sel ect  t he second br acket ed 
par agr aph.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ The cabl e spl i cer / t er mi nat or  must  have a cer t i f i cat i on f r om t he Nat i onal  
Cabl e Spl i c i ng Cer t i f i cat i on Boar d ( NCSCB)  i n t he f i el d of  spl i c i ng and 
t er mi nat i ng shi el ded medi um vol t age ( 5 kV t o 35 kV)  power  cabl e usi ng 
pr e- manuf act ur ed ki t s ( pr e- mol ded,  heat - shr i nk,  col d shr i nk) .   Submi t  
" Pr oof  of  Cer t i f i cat i on"  f or  appr oval ,  f or  t he i ndi v i dual s t hat  wi l l  be 
per f or mi ng cabl e spl i cer  and t er mi nat i on wor k,  30 days bef or e spl i ces or  
t er mi nat i ons ar e t o be made.

] [ Submi t  cer t i f i cat i on of  t he qual i f i cat i on of  t he cabl e spl i cer / t er mi nat or  
f or  appr oval ,  30 days bef or e spl i ces or  t er mi nat i ons ar e t o be made i n 
medi um vol t age ( 5 kV t o 35 kV)  cabl es.   I ncl ude t he t r ai ni ng,  and 
exper i ence of  t he i ndi v i dual  on t he speci f i c  t ype and cl assi f i cat i on of  
cabl e t o be pr ovi ded under  t hi s cont r act .   I ndi cat e t hat  t he i ndi v i dual  
has had t hr ee or  mor e year s r ecent  exper i ence spl i c i ng and t er mi nat i ng 
medi um vol t age cabl es.   Li st  a mi ni mum of  t hr ee spl i ces/ t er mi nat i ons t hat  
have been i n oper at i on f or  mor e t han one year .   I n addi t i on,  t he 
i ndi v i dual  may be r equi r ed t o per f or m a dummy or  pr act i ce 
spl i ce/ t er mi nat i on i n t he pr esence of  t he Cont r act i ng Of f i cer ,  bef or e 
bei ng appr oved as a qual i f i ed cabl e spl i cer .   I f  t hat  addi t i onal  
r equi r ement  i s i mposed,  t he Cont r act or  must  pr ovi de shor t  sect i ons of  t he 
appr oved t ypes of  cabl es al ong wi t h t he appr oved t ype of  
spl i ce/ t er mi nat i on k i t ,  and det ai l ed manuf act ur er ' s i nst r uct i ons f or  t he 
cabl e t o be spl i ced.   The Cont r act i ng Of f i cer  r eser ves t he r i ght  t o 
r equi r e addi t i onal  pr oof  of  compet ency or  t o r ej ect  t he i ndi v i dual  and 
cal l  f or  cer t i f i cat i on of  an al t er nat e cabl e spl i cer .

] ] 1. 6. 3   Cabl e I nst al l er  Qual i f i cat i ons

Pr ovi de at  l east  one onsi t e per son i n a super vi sor y posi t i on wi t h a 
document abl e l evel  of  compet ency and exper i ence t o super vi se al l  cabl e 
pul l i ng oper at i ons.   Pr ovi de a r esume showi ng t he cabl e i nst al l er s '  
exper i ence i n t he l ast  t hr ee year s,  i ncl udi ng a l i s t  of  r ef er ences 
compl et e wi t h poi nt s of  cont act ,  addr esses and t el ephone number s.   Cabl e 
i nst al l er  must  demonst r at e exper i ence wi t h a mi ni mum of  t hr ee medi um 
vol t age cabl e i nst al l at i ons.   The Cont r act i ng Of f i cer  r eser ves t he r i ght  
t o r equi r e addi t i onal  pr oof  of  compet ency or  t o r ej ect  t he i ndi v i dual  and 
cal l  f or  an al t er nat e qual i f i ed cabl e i nst al l er .

[ 1. 6. 4   Di r ect i onal  Bor i ng Cer t i f i cat e of  Conf or mance

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  t her e i s no 
di r ect i onal  bor i ng wor k r equi r ed f or  t he pr oj ect .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de cer t i f i cat i on of  compl i ance wi t h t he r egi st er ed Pr of essi onal  
Engi neer ' s desi gn r equi r ement s f or  each di r ect i onal  bor e,  i ncl udi ng:   HDPE 
condui t  s i ze and t ype,  bend r adi us,  el evat i on changes,  ver t i cal  and 
hor i zont al  pat h devi at i ons,  conduct or  s i ze and t ype and any conduct or  
der at i ng due t o dept h of  condui t .   Recor d l ocat i on and dept h of  al l  
di r ect i onal - bor e i nst al l ed HDPE condui t s usi ng Gl obal  Posi t i oni ng Syst em 
( GPS)  r ecor di ng means wi t h " r esour ce gr ade"  accur acy.
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] 1. 6. 5   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p must  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  I EEE C2 and NFPA 70 unl ess mor e st r i ngent  
r equi r ement s ar e speci f i ed or  i ndi cat ed.

1. 6. 6   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  
per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have been f or  sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 2- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems must  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 6. 6. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 6. 6. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e,  unl ess speci f i ed ot her wi se.

PART 2   PRODUCTS

2. 1   CONDUI T,  DUCTS,  AND FI TTI NGS

2. 1. 1   Ri gi d Met al  Condui t

UL 6.

2. 1. 1. 1   Ri gi d Met al l i c  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 15. 75 kV per  mm 400 vol t s 
per  mi l  at  60 Hz,  and t ensi l e st r engt h must  be mi ni mum 25 MPa 3500 psi .

2. 1. 2   I nt er medi at e Met al  Condui t

UL 1242.

2. 1. 2. 1   I nt er medi at e Met al  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 15. 75 kV per  mm 400 vol t s 
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per  mi l  at  60 Hz,  and t ensi l e st r engt h must  be mi ni mum 25 MPa 3500 psi .

2. 1. 3   Pl ast i c Condui t  f or  Di r ect  Bur i al  and Ri ser  Appl i cat i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Speci f y EPC- 40- PVC or  EPC- 80- PVC f or  
di r ect - bur i al  and r i ser  appl i cat i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

UL 651 and NEMA TC 2, [  EPC- 40] [  or ] [  EPC- 80] [  as i ndi cat ed] .

2. 1. 4   Pl ast i c Duct  f or  Concr et e Encasement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose EB- 35 wher e condui t  def or mi t y i s a 
concer n.   Choose EPC- 40 wher e r equi r ed by t he 
act i v i t y.   I ncl ude " as i ndi cat ed"  when dr awi ngs 
desi gnat e di f f er ent  appl i cat i ons,  such as,  Type EB 
f or  pr i mar y di st r i but i on and Type EPC f or  secondar y 
di st r i but i on t o avoi d t r ansi t i ons f or  r i ser s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de[ [  Type EB- 20] [  Type EB- 35]  per  UL 651,  ASTM F512,  and NEMA TC 6 & 8
] [  or ] [  Type EPC- 40 per  UL 651 and NEMA TC 2] [ ,  as i ndi cat ed] .

[ 2. 1. 5   Hi gh Densi t y Pol yet hyl ene ( HDPE)  El ect r i cal  Condui t  f or  Di r ect i onal  
Bor i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  t her e i s no 
di r ect i onal  bor i ng wor k r equi r ed f or  t he pr oj ect .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Smoot hwal l ,  appr oved/ l i s t ed f or  di r ect i onal  bor i ng,  mi ni mum Schedul e 80,  
ASTM F2160,  NEMA TC 7.

] 2. 1. 6   Duct  Seal ant

UL 94,  Cl ass HBF.   Pr ovi de hi gh- expansi on ur et hane f oam duct  seal ant  t hat  
expands and har dens t o f or m a c l osed,  chemi cal l y and wat er  r esi st ant ,  
r i gi d st r uct ur e.   Seal ant  must  be compat i bl e wi t h common cabl e and wi r e 
j acket s and capabl e of  adher i ng t o met al s,  pl ast i cs and concr et e.   Seal ant  
must  be capabl e of  cur i ng i n t emper at ur e r anges of  2 degr ees C t o 35 
degr ees C 35 degr ees F t o 95 degr ees F.   Cur ed seal ant  must  wi t hst and 
t emper at ur e r anges of  - 29 degr ees C t o 93 degr ees C - 20 degr ees F t o 200 
degr ees F wi t hout  l oss of  f unct i on.

2. 1. 7   Fi t t i ngs

2. 1. 7. 1   Met al  Fi t t i ngs

UL 514B.

2. 1. 7. 2   PVC Condui t  Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose UL l i s t ed f i t t i ngs f or  most  
appl i cat i ons and wher e condui t  i s  r equi r ed t o compl y 
wi t h NFPA 70.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ UL 514B,  UL 651] [ NEMA TC 3] .

2. 1. 7. 3   PVC Duct  Fi t t i ngs

NEMA TC 9.

[ 2. 1. 7. 4   Out l et  Boxes f or  St eel  Condui t

Out l et  boxes f or  use wi t h r i gi d or  f l exi bl e st eel  condui t  must  be 
cast - met al  cadmi um or  z i nc- coat ed i f  of  f er r ous met al  wi t h gasket ed 
cl osur es and must  conf or m t o UL 514A.

] 2. 2   LOW VOLTAGE I NSULATED CONDUCTORS AND CABLES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n most  cases NFPA 70 r equi r es l i s t ed 
conduct or s and cabl e.   Choose br acket ed i t em f or  
NEMA WC 70 onl y when compl i ance wi t h NFPA 70 i s not  
r equi r ed.  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I nsul at ed conduct or s must  be r at ed 600 vol t s and conf or m t o t he 
r equi r ement s of  NFPA 70,  i ncl udi ng l i s t i ng r equi r ement s[ ,  or  i n accor dance 
wi t h NEMA WC 70] .   Wi r es and cabl es manuf act ur ed mor e t han [ 24] [ 12]  mont hs 
pr i or  t o dat e of  del i ver y t o t he s i t e ar e not  accept abl e.   Ser vi ce 
ent r ance conduct or s must  conf or m t o UL 854,  t ype USE.

2. 2. 1   Conduct or  Types

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l ow al umi num conduct or s f or  new under gr ound 
l i nes.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cabl e and duct  s i zes i ndi cat ed ar e f or  copper  conduct or s and THHN/ THWN 
unl ess ot her wi se not ed.   Conduct or s No.   10 AWG and smal l er  must  be 
sol i d.   Conduct or s No.  8 AWG and l ar ger  must  be st r anded. [   Conduct or s No.  
6 AWG and smal l er  must  be copper .   Conduct or s No.  4 AWG and l ar ger  may be 
ei t her  copper  or  al umi num,  at  t he Cont r act or ' s opt i on.   Do not  subst i t ut e 
al umi num f or  copper  i f  t he equi val ent  al umi num conduct or  s i ze woul d exceed 
500 kcmi l .   When t he Cont r act or  chooses t o use al umi num f or  conduct or s No.  
4 AWG and l ar ger ,  t he Cont r act or  must :   i ncr ease t he conduct or  s i ze t o 
have t he same ampaci t y as t he copper  s i ze i ndi cat ed;  i ncr ease t he condui t  
and pul l  box s i zes t o accommodat e t he l ar ger  s i ze al umi num conduct or s i n 
accor dance wi t h NFPA 70;  ensur e t hat  t he pul l i ng t ensi on r at i ng of  t he 
al umi num conduct or  i s suf f i c i ent ;  r el ocat e equi pment ,  modi f y equi pment  
t er mi nat i ons,  r esi ze equi pment ,  and r esol ve t o t he sat i sf act i on of  t he 
Cont r act i ng Of f i cer  pr obl ems t hat  ar e di r ect  r esul t s of  t he use of  
al umi num conduct or s i n l i eu of  copper . ] [   Al l  conduct or s must  be copper . ]

2. 2. 2   Conduct or  Mat er i al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pr oj ect  appl i cat i ons whi ch r equi r e a 
di f f er ent  i nsul at i on t han t hose l i s t ed bel ow,  
r ef er ence a Gover nment  or  i ndust r y st andar d t hat  t he 
cabl e or  conduct or  must  meet .   For  pr oj ect s whi ch 
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r equi r e mul t i pl e t ypes of  i nsul at i ons,  i ndi cat e t he 
t ype f or  each cabl e on t he pr oj ect  dr awi ngs.   Ref er  
t o UFC 3- 550- 01,  " Ext er i or  El ect r i cal  Power  
Di st r i but i on"  f or  f ur t her  gui dance.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  wi r es i n 
condui t ,  ot her  t han ser vi ce ent r ance,  must  be 600- vol t , [  Type THWN/ THHN 
conf or mi ng t o UL 83] [  or ] [  Type[  XHHW] [  or ] [  RHW]  conf or mi ng t o UL 44] .   
Copper  conduct or s must  be anneal ed copper  compl yi ng wi t h ASTM B3 and 
ASTM B8. [   Al umi num conduct or s must  be Type AA- 8000 al umi num conduct or s 
compl yi ng wi t h ASTM B800 and ASTM B801,  and must  be of  an al umi num al l oy 
l i s t ed or  l abel ed by UL as " component  al umi num- wi r e st ock ( conduct or  
mat er i al ) .   Type 1350 i s not  accept abl e.   I nt er mi xi ng of  copper  and 
al umi num conduct or s i n t he same r aceway i s not  per mi t t ed. ]

[ 2. 2. 3   Jacket s

Pr ovi de mul t i conduct or  cabl es wi t h an over al l  PVC out er  j acket .

] [ 2. 2. 4   Di r ect  Bur i ed

Pr ovi de si ngl e- conduct or  [ and mul t i - conduct or  ] cabl es i dent i f i ed f or  
di r ect  bur i al .

] 2. 2. 5   I n Duct

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Ar my and Ai r  For ce pr oj ect s onl y,  
coi l abl e pl ast i c duct  may be used as an al t er nat i ve 
t o di r ect  bur i al  wher e ext r a physi cal  pr ot ect i on i s 
r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cabl es must  be si ngl e- conduct or  cabl e. [   Cabl es i n f act or y- i nst al l ed,  
coi l abl e- pl ast i c- duct  assembl i es must  conf or m t o NEMA TC 7. ]

2. 2. 6   Cabl e Mar ki ng

I nsul at ed conduct or s must  have t he dat e of  manuf act ur e and ot her  
i dent i f i cat i on i mpr i nt ed on t he out er  sur f ace of  each cabl e at  r egul ar  
i nt er val s t hr oughout  t he cabl e l engt h.

I dent i f y each cabl e by means of  a f i ber ,  l ami nat ed pl ast i c,  or  non- f er r ous 
met al  t ags i n each manhol e,  handhol e,  j unct i on box,  and each t er mi nal .   
Each t ag must  cont ai n t he f ol l owi ng i nf or mat i on;  cabl e t ype,  conduct or  
s i ze,  c i r cui t  number ,  c i r cui t  vol t age,  cabl e dest i nat i on and phase 
i dent i f i cat i on.

Col or  code conduct or s.   Pr ovi de conduct or  i dent i f i cat i on wi t hi n each 
encl osur e wher e a t ap,  spl i ce,  or  t er mi nat i on i s made.   Conduct or  
i dent i f i cat i on must  be by col or - coded i nsul at ed conduct or s,  pl ast i c- coat ed 
sel f - st i cki ng pr i nt ed mar ker s,  col or ed nyl on cabl e t i es and pl at es,  heat  
shr i nk t ype sl eeves, or  col or ed el ect r i cal  t ape.   Pr oper l y i dent i f y cont r ol  
c i r cui t  t er mi nat i ons.   Col or  must  be gr een f or  gr oundi ng conduct or s and 
whi t e f or  neut r al s;  except  wher e neut r al s of  mor e t han one syst em ar e 
i nst al l ed i n same r aceway or  box,  ot her  neut r al s may be whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.   Col or  of  ungr ounded 
conduct or s i n di f f er ent  vol t age syst ems ar e as f ol l ows:

SECTI ON 33 71 02  Page 21



a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

b.   480/ 277 vol t ,  t hr ee- phase

( 1)  Phase A -  br own

( 2)  Phase B -  or ange

( 3)  Phase C -  yel l ow

c.   120/ 240 vol t ,  s i ngl e phase:   Bl ack and r ed

[ d.   On t hr ee- phase,  f our - wi r e del t a syst em,  hi gh l eg must  be or ange,  as 
r equi r ed by NFPA 70.

] 2. 3   LOW VOLTAGE WI RE CONNECTORS AND TERMI NALS

Pr ovi de a uni f or m compr essi on over  t he ent i r e conduct or  cont act  sur f ace.   
Use sol der l ess t er mi nal  l ugs on st r anded conduct or s.

a.   For  use wi t h copper  conduct or s:   UL 486A- 486B.

[ b.   For  use wi t h al umi num conduct or s:   UL 486A- 486B.   For  connect i ng 
al umi num t o copper ,  connect or s must  be t he ci r cumf er ent i al l y  
compr essed,  met al l ur gi cal l y bonded t ype.

] 2. 4   LOW VOLTAGE SPLI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   ANSI  C119. 1 Sect i on 6. 2. 1. 3 r equi r es al l  
connect or  syst ems be i mmer sed i n wat er  f or  24 hour s 
at  a mi ni mum dept h of  12 i nches.   Sel ect  spl i ces 
t hat  conf or m t o t hi s r equi r ement .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de spl i ces i n conduct or s wi t h a compr essi on connect or  on t he 
conduct or  and by i nsul at i ng and wat er pr oof i ng usi ng one of  t he f ol l owi ng 
met hods whi ch ar e sui t abl e f or  cont i nuous submer si on i n wat er  and compl y 
wi t h ANSI  C119. 1.

2. 4. 1   Heat  Shr i nkabl e Spl i ce

Pr ovi de heat  shr i nkabl e spl i ce i nsul at i on by means of  a t her mopl ast i c 
adhesi ve seal ant  mat er i al  appl i ed i n accor dance wi t h t he manuf act ur er ' s 
wr i t t en i nst r uct i ons.

2. 4. 2   Col d Shr i nk Rubber  Spl i ce

Pr ovi de a col d- shr i nk r ubber  spl i ce whi ch consi st s of  EPDM r ubber  t ube 
whi ch has been f act or y st r et ched ont o a spi r al ed cor e whi ch i s r emoved 
dur i ng spl i ce i nst al l at i on.   The i nst al l at i on must  not  r equi r e heat  or  
f l ame,  or  any addi t i onal  mat er i al s such as cover i ng or  adhesi ve.   I t  must  
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be desi gned f or  use wi t h i nl i ne compr essi on t ype connect or s,  or  i ndoor ,  
out door ,  di r ect - bur i al  or  submer ged l ocat i ons.

2. 5   MEDI UM VOLTAGE CABLE

Cabl e ( conduct or )  s i zes ar e desi gnat ed by Amer i can Wi r e Gauge ( AWG)  and 
Thousand Ci r cul ar  Mi l s ( Kcmi l ) .   Conduct or  and condui t  s i zes i ndi cat ed ar e 
f or  copper  conduct or s unl ess ot her wi se not ed.   I nsul at ed conduct or s must  
have t he dat e of  manuf act ur e and ot her  i dent i f i cat i on i mpr i nt ed on t he 
out er  sur f ace of  each cabl e at  r egul ar  i nt er val s t hr oughout  cabl e l engt h.   
Wi r es and cabl es manuf act ur ed mor e t han [ 24] [ 12]  mont hs pr i or  t o dat e of  
del i ver y t o t he s i t e ar e not  accept abl e.   Pr ovi de si ngl e conduct or  t ype 
cabl es unl ess ot her wi se i ndi cat ed.

2. 5. 1   Cabl e Conf i gur at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Navy pr oj ect s,  use t ype MV onl y and 
del et e r equi r ement s f or  concent r i c neut r al s 
t hr oughout .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Ar my and Ai r  For ce pr oj ect s:

The t wo most  commonl y pr oduced/ speci f i ed medi um 
vol t age cabl es ar e Type MV ( as descr i bed i n UL 1072)  
and under gr ound di st r i but i on ( " UD/ URD" ) ,  commonl y 
used by el ect r i cal  ut i l i t i es.   Type MV i s a t ype 
desi gnat i on r ecogni zed by NFPA 70 because i t  i s  UL 
l i s t ed.   " UD/ URD"  i s not  a r ecogni zed t ype 
desi gnat i on because i t  i s  ut i l i zed pr i mar i l y by 
el ect r i cal  ut i l i t i es,  who ar e not  gover ned by NFPA 
70 and f or  whom a UL l i s t ed cabl e adds unnecessar y 
expense.   Bot h t ype MV and " UD/ URD"  can be speci f i ed 
f or  use i n duct  or  di r ect  bur i ed.   I n addi t i on t o 
t he st andar d MV- 90,  NFPA 70 al so l i s t s an MV- 105 
t emper at ur e r at i ng.   However ,  MV- 105 i s not  
avai l abl e f r om al l  manuf act ur er s.   Pr ovi de MV- 105,  
onl y i f  needed.  

Use ei t her  Type MV or  " UD/ URD"  i n duct s,  keepi ng i n 
mi nd t hat  t he concent r i c neut r al  af f ect s bendi ng 
r adi us and pul l i ng t ensi ons,  t her ef or e l i mi t i ng t he 
maxi mum pul l  and di st ance bet ween manhol es.   Use 
" UD"  f or  di r ect  bur i ed appl i cat i ons.    

Choose 133 per cent  i nsul at i on l evel  on 5 kV,  15 kV 
and 25 kV r at ed cabl es.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de [ Type MV cabl e,  conf or mi ng t o NEMA WC 74/ I CEA S- 93- 639 and UL 1072]
[ concent r i c neut r al  under gr ound di st r i but i on cabl e conf or mi ng t o 
I CEA S- 94- 649] [ met al l i c  ar mor ed cabl es,  consi st i ng of  t hr ee- conduct or ,  
mul t i - conduct or  cabl es,  wi t h i nsul at i on and shi el di ng,  as speci f i ed,  usi ng 
[ a gal vani zed st eel ] [ an al umi num]  i nt er l ocked t ape ar mor  and t her mopl ast i c 
j acket ] .   Pr ovi de cabl es manuf act ur ed f or  use i n[  duct ] [  or ] [  di r ect  
bur i al ]  appl i cat i ons[  as i ndi cat ed] .   Cabl e must  be r at ed [ 5 kV] [ 15 kV] [ 25 
kV] [ 28 kV] [ 35 kV] [ as i ndi cat ed]  wi t h [ 100] [ 133]  per cent  i nsul at i on l evel .
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2. 5. 2   Conduct or  Mat er i al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de al umi num conduct or s f or  new 
under gr ound ci r cui t s and ext ensi ons of  exi st i ng 
c i r cui t s.   Sel ect  Type AA- 8000 f or  t ype MV cabl e.   
Sel ect  1350 f or  " UD/ URD"  cabl e.   Thi s i ncl udes al l  
new medi um vol t age syst ems desi gns t hat  do not  
r equi r e i nt er f ace ( spl i c i ng copper  t o al umi num i n 
under gr ound st r uct ur es)  wi t h exi st i ng copper  
i nf r ast r uct ur e.   Ref er  t o UFC 3- 550- 01,  " Ext er i or  
El ect r i cal  Power  Di st r i but i on"  par agr aph ent i t l ed 
" Under gr ound El ect r i cal  Syst ems"  f or  addi t i onal  
gui dance.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A concent r i c compr essed conduct or  has a 
di amet er  t hat  i s  3 per cent  l ess t han a r egul ar  
concent r i c conduct or .   A compact  conduct or  has a 
di amet er  t hat  i s  10 per cent  l ess t han a r egul ar  
concent r i c conduct or .   Edi t  t o speci f y compact  
conduct or s wher e necessar y t o l i mi t  duct  f i l l  ( i . e.  
wher e new conduct or s ar e i nst al l ed i n exi st i ng 
duct s) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de concent r i c- l ay- st r anded,  Cl ass B[  compact  r ound]  conduct or s.   
Pr ovi de[  al umi num al l oy Type AA- 8000 al umi num conduct or s compl yi ng wi t h 
ASTM B800 and ASTM B801] [  al umi num al l oy 1350 cabl es,  3/ 4 har d mi ni mum 
compl yi ng wi t h ASTM B609/ B609M and ASTM B231/ B231M f or  r egul ar  concent r i c 
and compr essed st r andi ng or  ASTM B400/ B400M f or  compact ed st r andi ng] [  sof t  
dr awn copper  cabl es compl yi ng wi t h ASTM B3 and ASTM B8 f or  r egul ar  
concent r i c and compr essed st r andi ng or  ASTM B496 f or  compact  st r andi ng] .

2. 5. 3   I nsul at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pr oj ect s whi ch r equi r e mul t i pl e t ypes of  
i nsul at i ons,  or  speci al  t ypes of  cabl es,  such as 
submar i ne cabl e,  i ndi cat e t he t ype f or  each cabl e on 
t he pr oj ect  dr awi ngs.   Choose XLP or  t r ee r et ar dant  
XLP f or  " UD or  URD"  cabl e and ei t her  XLP or  EPR f or  
Type MV cabl e f or  Ar my and Ai r  For ce pr oj ect .   XLP 
Type MV cabl e i s not  al l owed f or  Navy or  Mar i ne 
Cor ps pr oj ect s.

For  non- shi el ded cabl es r at ed 2001- 5000 vol t s,  
choose ANSI / NEMA WC 71/ I CEA S- 96- 659.   For  cabl es 
r at ed >15kV,  choose ANSI / NEMA WC 74/ I CEA S- 93- 639.

Choose AEI C CS8,  except  f or  concent r i c neut r al  cabl e 
onl y,  choose I CEA S- 94- 649.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de [ et hyl ene- pr opyl ene- r ubber  ( EPR)  i nsul at i on conf or mi ng t o t he 
r equi r ement s of  [ ANSI / NEMA WC 71/ I CEA S- 96- 659] [ ANSI / NEMA WC 74/ I CEA 
S- 93- 639]  and [ AEI C CS8] [ I CEA S- 94- 649] ] [ t r ee- r et ar dant  cr oss- l i nked 
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t her moset t i ng pol yet hyl ene ( XLP)  i nsul at i on conf or mi ng t o t he r equi r ement s 
of  NEMA WC 74/ I CEA S- 93- 639 and [ AEI C CS8] [ I CEA S- 94- 649] ] .

2. 5. 4   Shi el di ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose t ape shi el di ng unl ess wi r e shi el di ng 
i s al l owed or  r equi r ed by t he Act i v i t y.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cabl es r at ed f or  2 kV and above must  have a semi conduct i ng conduct or  
shi el d,  a semi conduct i ng i nsul at i on shi el d,  and an over al l  copper [  t ape] [  
or ] [  wi r e]  shi el d f or  each phase.

2. 5. 5   Neut r al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use f i r st  br acket ed sent ence f or  t ype MV 
cabl e and second br acket ed sent ence f or  t ype UD/ URD 
cabl e.

I n second br acket ed sent ence t ai l or ed f or  ARMY and 
AI R FORCE,  sel ect  f ul l  ampaci t y concent r i c neut r al  
f or  s i ngl e- phase appl i cat i ons and one- t hi r d ampaci t y 
f or  t hr ee- phase appl i cat i ons.

I ncl ude t he l ast  br acket ed sent ence wher e hi gh 
i mpedance gr ounded neut r al  syst ems ar e empl oyed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Neut r al  conduct or s must  be [ copper ] [ al umi num] ,  empl oyi ng t he same 
i nsul at i on and j acket  mat er i al s as phase conduct or s,  except  t hat  a 
600- vol t  i nsul at i on r at i ng i s accept abl e. ] [   Concent r i c neut r al s 
conduct or s must  be copper ,  havi ng a combi ned ampaci t y [ equal  t o] [ 1/ 3 of ]  
t he phase conduct or  ampaci t y r at i ng. ] [   For  hi gh i mpedance gr ounded 
neut r al  syst ems,  t he neut r al  conduct or s f r om t he neut r al  poi nt  of  t he 
t r ansf or mer  or  gener at or  t o t he connect i on poi nt  at  t he i mpedance must  
ut i l i ze [ copper ] [ al umi num]  conduct or s,  empl oyi ng t he same i nsul at i on l evel  
and const r uct i on as t he phase conduct or s. ]

2. 5. 6   Jacket s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   PVC i s accept abl e f or  duct  appl i cat i ons.   
Pol yet hyl ene ( LLDPE)  i s except i onal  f or  di r ect  
bur i al  and i n duct  appl i cat i ons wher e t her e i s 
s i gni f i cant  amount s of  wat er .   Ther e ar e many ot her  
t ypes of  j acket  mat er i al s avai l abl e ( neopr ene,  
hypal on,  t her mopl ast i c CPE)  f or  speci al  envi r onment s 
i nvol v i ng exposur e t o sunl i ght ,  pet r ol eum pr oduct s,  
and cor r osi ve chemi cal s.   Consul t  l ocal  cabl e 
r epr esent at i ves t o speci f y t he appr opr i at e j acket  
f or  t he appl i cat i on.

Choose t he l ast  br acket ed sent ence when PVC i s 
speci f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de cabl es wi t h a [ PVC] [ _____]  j acket . [   Di r ect  bur i ed cabl es must  be 
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r at ed f or  di r ect  bur i al . ] [   Pr ovi de t ype UD cabl es wi t h an over al l  j acket . ]
[   Pr ovi de PVC j acket s wi t h a separ at or  t hat  pr event s cont act  wi t h 
under l y i ng semi conduct i ng i nsul at i ng shi el d. ]

2. 6   MEDI UM VOLTAGE CABLE TERMI NATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f i cat i on sect i ons f or  equi pment ,  such as 
pad- mount ed t r ansf or mer s,  SF- 6 swi t ches,  and uni t  
subst at i ons,  cont ai n par agr aphs f or  t er mi nat i ons,  
and have not  been updat ed t o coor di nat e wi t h t hi s 
speci f i cat i on sect i on.   When t hi s par agr aph i s used 
onl y f or  t hat  equi pment ,  speci f y t er mi nat i ons ei t her  
i n t hat  sect i on or  i n t hi s sect i on,  and del et e 
par agr aph f r om t he ot her  sect i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de i ndoor  t er mi nat or / out door  
t er mi nat i ons wi t h ski r t s.  By i ncl udi ng ski r t s f or  
" i ndoor "  and " wi t hi n equi pment "  l ocat i ons,  t r acki ng 
r esi st ance i s s i gni f i cant l y i mpr oved.  Pr ovi s i on of  
ski r t s f or  i ndoor  t er mi nat i ons aut omat i cal l y makes 
t hem I EEE 48 Cl ass 1.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I EEE 48 Cl ass 1;  of  t he mol ded el ast omer ,  pr est r et ched el ast omer ,  or  
heat - shr i nkabl e el ast omer .   Accept abl e el ast omer s ar e t r ack- r esi st ant  
s i l i cone r ubber  or  t r ack- r esi st ant  et hyl ene pr opyl ene compounds,  such as 
et hyl ene pr opyl ene r ubber  or  et hyl ene pr opyl ene di ene monomer .   Separ abl e 
i nsul at ed connect or s may be used f or  appar at us t er mi nat i ons,  when such 
appar at us i s pr ovi ded wi t h sui t abl e bushi ngs.   Pr ovi de t er mi nat i ons,  wher e 
r equi r ed,  wi t h mount i ng br acket s sui t abl e f or  t he i nt ended i nst al l at i on 
and wi t h gr oundi ng pr ovi s i ons f or  t he cabl e shi el di ng,  met al l i c  sheat h,  or  
ar mor .   Pr ovi de t er mi nat i ons i n a k i t ,  i ncl udi ng:  ski r t s,  st r ess cont r ol  
t er mi nat or ,  gr ound cl amp,  connect or s,  l ugs,  and compl et e i nst r uct i ons f or  
assembl y and i nst al l at i on.   Ter mi nat i ons must  be t he pr oduct  of  one 
manuf act ur er ,  sui t abl e f or  t he t ype,  di amet er ,  i nsul at i on c l ass and l evel ,  
and mat er i al s of  t he cabl e t er mi nat ed.   Do not  use separ at e par t s of  
copper  or  copper  al l oy i n cont act  wi t h al umi num al l oy par t s i n t he 
const r uct i on or  i nst al l at i on of  t he t er mi nat or .

2. 6. 1   Col d- Shr i nk Type

Ter mi nat or  must  be a one- pi ece desi gn,  ut i l i z i ng t he manuf act ur er ' s l at est  
t echnol ogy,  wher e hi gh- di el ect r i c const ant  ( capaci t i ve)  st r ess cont r ol  i s  
i nt egr at ed wi t hi n a ski r t ed i nsul at or  made of  s i l i cone r ubber .   
Ter mi nat i on must  not  r equi r e heat  or  f l ame f or  i nst al l at i on.   Ter mi nat i on 
k i t  must  cont ai n al l  necessar y mat er i al s ( except  f or  t he l ugs) .   Desi gn 
t er mi nat i on f or  i nst al l at i on i n l ow or  hi ghl y cont ami nat ed i ndoor  and 
out door  l ocat i ons and must  r esi st  ul t r avi ol et  r ays and oxi dat i ve 
decomposi t i on.

2. 6. 2   Heat  Shr i nkabl e Type

Ter mi nat or  must  consi st  of  a uni f or m cr oss sect i on heat  shr i nkabl e 
pol ymer i c const r uct i on st r ess r el i ef  t ubi ng and envi r onment al l y seal ed 
out er  cover i ng t hat  i s nont r acki ng,  r esi st s heavy at mospher i c 
cont ami nant s,  ul t r a v i ol et  r ays and oxi dat i ve decomposi t i on.   Pr ovi de heat  
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shr i nkabl e sheds or  ski r t s of  t he same mat er i al .   Desi gn t er mi nat i on f or  
i nst al l at i on i n l ow or  hi ghl y cont ami nat ed i ndoor  or  out door  l ocat i ons.

[ 2. 6. 3   Separ abl e I nsul at ed Connect or  Type

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t he connect or  r at i ngs r equi r ed 
wi t h t he equi pment  speci f i cat i on f or  t r ansf or mer s 
and swi t ches.

Separ abl e connect or s may not  be used i n manhol es.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I EEE 386.   Pr ovi de connect or  wi t h st eel  r ei nf or ced hook- st i ck eye,  
gr oundi ng eye,  t est  poi nt ,  and ar c- quenchi ng cont act  mat er i al .   Pr ovi de 
connect or s of  t he l oadbr eak or  deadbr eak t ype as i ndi cat ed,  of  sui t abl e 
const r uct i on f or  t he appl i cat i on and t he t ype of  cabl e connect ed,  and t hat  
i ncl ude cabl e shi el d adapt or s.   Pr ovi de ext er nal  c l ampi ng poi nt s and t est  
poi nt s.   Do no use separ abl e connect or s i n manhol es/ handhol es.

[ a.   200 Amper e l oadbr eak connect or  r at i ngs:   Vol t age:   [ 15 kV,  95 kV 
BI L] [ 25 kV,  125 kV BI L] [ 35 kV,  150 kV BI L] .   Shor t  t i me r at i ng:   
10, 000 r ms symmet r i cal  amper es.

]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:  For  Navy pr oj ect s,  pr ovi de 200 amper e bushi ng 
i nt er f ace on al l  600 amper e connect or s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ b.   600 Amper e deadbr eak connect or  r at i ngs:   Vol t age:   [ 15 kV,  95 kV 
BI L] [ 25 kV,  125 kV BI L] [ 35 kV,  150 kV BI L] .   Shor t  t i me r at i ng:   
25, 000 r ms symmet r i cal  amper es. [   Connect or s must  have 200 amper e 
bushi ng i nt er f ace[  f or  sur ge ar r est er s] [  as i ndi cat ed] . ]

]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:  I ncl ude t he f ol l owi ng par agr aph onl y when t he 
act i v i t y r equi r es addi t i onal  gr oundi ng el bows and 
f eed- t hr u i nser t s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ c.   Pr ovi de[  [ one] [ _____]  set [ s]  of  t hr ee gr oundi ng el bows] [  and] [  
[ one] [ _____]  set [ s]  of  t hr ee f eed- t hr u i nser t s] .   Del i ver  [ gr oundi ng 
el bows] [  and ] [ f eed- t hr u i nser t s]  t o t he Cont r act i ng Of f i cer .

]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   I ncl ude t he f ol l owi ng par agr aph onl y when t he 
act i v i t y r equi r es f aul t ed c i r cui t  i ndi cat or s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ d.   I nst al l  one set  of  f aul t ed c i r cui t  i ndi cat or s,  compl yi ng wi t h I EEE 495,  
on t he t est  poi nt s of  each set  of  separ abl e i nsul at ed connect or s.   
I ndi cat or s must  be sel f  power ed;  wi t h aut omat i c t r i p wi t h mechani cal  
f l ag i ndi cat i on upon over cur r ent  f ol l owed by l oss of  syst em vol t age,  
and aut omat i c r eset  upon r est or at i on of  syst em vol t age.   I ndi cat or s 
must  be compact ,  seal ed cor r osi on r esi st ant  const r uct i on wi t h 
pr ovi s i on f or  hot st i ck i nst al l at i on and oper at i on.
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] ] 2. 7   MEDI UM VOLTAGE CABLE JOI NTS

Pr ovi de j oi nt s ( spl i ces)  i n accor dance wi t h I EEE 404 sui t abl e f or  t he 
r at ed vol t age,  i nsul at i on l evel ,  i nsul at i on t ype,  and const r uct i on of  t he 
cabl e.   Joi nt s must  be cer t i f i ed by t he manuf act ur er  f or  wat er pr oof ,  
submer si bl e appl i cat i ons.   Upon r equest ,  suppl y manuf act ur er ' s desi gn 
qual i f i cat i on t est  r epor t  i n accor dance wi t h I EEE 404.   Connect or s f or  
j oi nt  must  be t i n- pl at ed el ect r ol yt i c copper ,  havi ng ends t aper ed and 
havi ng cent er  st ops t o equal i ze cabl e i nser t i on.

2. 7. 1   Heat - Shr i nkabl e Joi nt

Consi st s of  a uni f or m cr oss- sect i on heat - shr i nkabl e pol ymer i c const r uct i on 
wi t h a l i near  st r ess r el i ef  syst em,  a hi gh di el ect r i c st r engt h i nsul at i ng 
mat er i al ,  and an i nt egr al l y bonded out er  conduct or  l ayer  f or  shi el di ng.   
Repl ace or i gi nal  cabl e j acket  wi t h a heavy- wal l  heat - shr i nkabl e s l eeve 
wi t h hot - mel t  adhesi ve coat i ng.

2. 7. 2   Col d- Shr i nk Rubber - Type Joi nt

Joi nt  must  be of  a col d shr i nk desi gn t hat  does not  r equi r e any heat  
sour ce f or  i t s i nst al l at i on.   Spl i ce i nsul at i on and j acket  must  be of  a 
one- pi ece f act or y f or med col d shr i nk s l eeve made of  bl ack EPDM r ubber .   
Spl i ce shoul d be packaged t hr ee spl i ces per  k i t ,  i ncl udi ng compl et e 
i nst al l at i on i nst r uct i ons.

2. 8   TELECOMMUNI CATI ONS CABLI NG

Pr ovi de t el ecommuni cat i ons cabl i ng i n accor dance wi t h Sect i on 33 82 00 
TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) .

[ 2. 9   LI VE END CAPS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ve end caps ar e onl y r equi r ed when cabl e i s 
r equi r ed t o r emai n unt er mi nat ed,  but  ener gi zed.   
Li ve end cap l ocat i ons must  be i ndi cat ed on t he 
dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de l i ve end caps usi ng a " k i t "  i ncl udi ng a heat - shr i nkabl e t ube and a 
hi gh di el ect r i c st r engt h,  pol ymer i c pl ug over l appi ng t he conduct or .   
Conf or m t o appl i cabl e por t i ons of  I EEE 48.

] 2. 10   TAPE

2. 10. 1   I nsul at i ng Tape

UL 510,  pl ast i c i nsul at i ng t ape,  capabl e of  per f or mi ng i n a cont i nuous 
t emper at ur e envi r onment  of  80 degr ees C.

2. 10. 2   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de det ect abl e t ape i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

2. 10. 3   Fi r epr oof i ng Tape

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de t he f ol l owi ng par agr aph wher e medi um 
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vol t age cabl e ( 2200 vol t s or  gr eat er )  i s  i nst al l ed 
i n manhol es,  handhol es and vaul t s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de t ape composed of  a f l exi bl e,  conf or mabl e,  unsuppor t ed i nt umescent  
el ast omer .   Tape must  be not  l ess t han 0. 762 mm . 030 i nch t hi ck,  
noncor r osi ve t o cabl e sheat h,  sel f - ext i ngui shi ng,  noncombust i bl e,  
adhesi ve- f r ee,  and must  not  det er i or at e when subj ect ed t o oi l ,  wat er ,  
gases,  sal t  wat er ,  sewage,  and f ungus.

2. 11   PULL ROPE

Pl ast i c or  f l at  pul l  l i ne ( bul l  l i ne)  havi ng a mi ni mum t ensi l e st r engt h of  
890 N 200 pounds.

2. 12   GROUNDI NG AND BONDI NG

2. 12. 1   Dr i ven Gr ound Rods

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de sol i d copper  gr ound r ods when soi l  
condi t i ons ar e cor r osi ve.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de [ copper - c l ad st eel  gr ound r ods conf or mi ng t o UL 467] [ sol i d copper  
gr ound r ods conf or mi ng t o UL 467] [ sol i d st ai nl ess st eel  gr ound r ods]  not  
l ess t han 19 mm 3/ 4 i nch i n di amet er  by 3. 1 m 10 f eet  i n l engt h.   
Sect i onal  t ype r ods may be used f or  r ods62 m 20 f eet  or  l onger .

2. 12. 2   Gr oundi ng Conduct or s

St r anded- bar e copper  conduct or s must  conf or m t o ASTM B8,  Cl ass B,  
sof t - dr awn unl ess ot her wi se i ndi cat ed.   Sol i d- bar e copper  conduct or s must  
conf or m t o ASTM B1 f or  s i zes No.  8 and smal l er .   I nsul at ed conduct or s must  
be of  t he same mat er i al  as phase conduct or s and gr een col or - coded,  except  
t hat  conduct or s must  be r at ed no mor e t han 600 vol t s.   Al umi num i s not  
accept abl e.

2. 13   CAST- I N- PLACE CONCRETE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ret ai n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE f or  Navy pr oj ect s and Sect i on 03 30 00 
CAST- I N- PLACE CONCRETE f or  Ar my pr oj ect s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de concr et e i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.   I n addi t i on,  pr ovi de concr et e f or  encasement  of  under gr ound 
duct s wi t h 20 MPa 3000 psi  mi ni mum 28- day compr essi ve st r engt h.   Concr et e 
associ at ed wi t h el ect r i cal  wor k f or  ot her  t han encasement  of  under gr ound 
duct s must  be 30 MPa 4000 psi  mi ni mum 28- day compr essi ve st r engt h unl ess 
speci f i ed ot her wi se.

2. 14   UNDERGROUND STRUCTURES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t hi s par agr aph t o compl y wi t h pr oj ect  
r equi r ement s concer ni ng t he t ype of  st r uct ur e or  
duct ,  st r engt h of  concr et e,  concr et e mi x,  met al  
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accessor i es,  and excavat i ng and gr adi ng.  I ndi cat e 
speci al  r ei nf or ci ng wher e r equi r ed,  par t i cul ar l y 
wi t h duct  banks of  non- r ect angul ar  cr oss- sect i on.   
Cont act  l ocal  t el ephone company,  wher e appl i cabl e,  
concer ni ng t he si ze of  al l  s i gnal  manhol es and t he 
number  and t ype of  s i gnal  duct  r equi r ed.   Det er mi ne 
avai l abi l i t y  s i nce ai r cr af t  or  H20 hi ghway l oadi ngs 
may not  be avai l abl e i n pr ecast .

For  Navy pr oj ect s onl y,  see st andar d sket ches UG- 1 
t hr ough UG- 7,  cover i ng manhol es and handhol es 
l ocat ed at  ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed-
f aci l i t i es- gui de- speci f i cat i ons- uf gs/ f or ms- gr aphi cs- t abl es .   
I ncl ude t he r equi r ed sket ches on t he pr oj ect  
dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de pr ecast  concr et e under gr ound st r uct ur es or  st andar d t ype 
cast - i n- pl ace manhol e t ypes as i ndi cat ed,  conf or mi ng t o ASTM C857 and 
ASTM C478M ASTM C478.   Top,  wal l s,  and bot t om must  consi st  of  r ei nf or ced 
concr et e.   Wal l s and bot t om must  be of  monol i t hi c concr et e const r uct i on.   
Locat e duct  ent r ances and wi ndows near  t he cor ner s of  st r uct ur es t o 
f aci l i t at e cabl e r acki ng.   Cover s must  f i t  t he f r ames wi t hout  undue pl ay.   
For m st eel  and i r on t o shape and si ze wi t h shar p l i nes and angl es.   
Cast i ngs must  be f r ee f r om war p and bl ow hol es t hat  may i mpai r  st r engt h or  
appear ance.   Exposed met al  must  have a smoot h f i ni sh and shar p l i nes and 
ar i ses.   Pr ovi de necessar y l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n 
i r ons and ot her  bui l t - i n i t ems i n pl ace bef or e deposi t i ng concr et e.   
I nst al l  a pul l i ng- i n i r on i n t he wal l  opposi t e each duct  l i ne ent r ance.   
Cabl e r acks,  i ncl udi ng r ack ar ms and i nsul at or s,  must  be adequat e t o 
accommodat e t he cabl e.

2. 14. 1   Cast - I n- Pl ace Concr et e St r uct ur es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  br acket ed i t ems at  desi gner ' s di scr et i on 
and as r equi r ed wher e ai r cr af t  l oadi ng i s i n pr oj ect .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Concr et e must  conf or m t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE. [   
Const r uct  wal l s on a f oot i ng of  cast - i n- pl ace concr et e except  t hat  pr ecast  
concr et e base sect i ons may be used f or  pr ecast  concr et e manhol e r i ser s. ] [   
Concr et e bl ock must  conf or m t o ASTM C139 and Sect i on 04 20 00,  MASONRY. ] [   
Concr et e bl ock i s not  al l owed i n ar eas subj ect  t o ai r cr af t  l oadi ng. ]

2. 14. 2   Pr ecast  Concr et e St r uct ur es,  Ri ser s and Tops

Pr ecast  concr et e under gr ound st r uct ur es may be pr ovi ded i n l i eu of  
cast - i n- pl ace subj ect  t o t he r equi r ement s speci f i ed bel ow.   Pr ecast  uni t s 
must  be t he pr oduct  of  a manuf act ur er  r egul ar l y engaged i n t he manuf act ur e 
of  pr ecast  concr et e pr oduct s,  i ncl udi ng pr ecast  manhol es.

2. 14. 2. 1   Gener al

Pr ecast  concr et e st r uct ur es must  have t he same accessor i es and f aci l i t i es 
as r equi r ed f or  cast - i n- pl ace st r uct ur es.   Li kewi se,  pr ecast  st r uct ur es 
must  have pl an ar ea and cl ear  hei ght s not  l ess t han t hose of  cast - i n- pl ace 
st r uct ur es.   Concr et e mat er i al s and met hods of  const r uct i on must  be t he 
same as f or  cast - i n- pl ace concr et e const r uct i on,  as modi f i ed her ei n.   
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Sl ope i n f l oor  may be omi t t ed pr ovi ded pr ecast  sect i ons ar e pour ed i n 
r ei nf or ced st eel  f or ms.   Concr et e f or  pr ecast  wor k must  have a 28- day 
compr essi ve st r engt h of  not  l ess t han 30 MPa 4000 psi .   St r uct ur es may be 
pr ecast  t o t he desi gn and det ai l s i ndi cat ed f or  cast - i n- pl ace 
const r uct i on,  pr ecast  monol i t hi cal l y and pl aced as a uni t ,  or  st r uct ur es 
may be assembl ed sect i ons,  desi gned and pr oduced by t he manuf act ur er  i n 
accor dance wi t h t he r equi r ement s speci f i ed.   St r uct ur es must  be i dent i f i ed 
wi t h t he manuf act ur er ' s name embedded i n or  ot her wi se per manent l y at t ached 
t o an i nt er i or  wal l  f ace.

2. 14. 2. 2   Desi gn f or  Pr ecast  St r uct ur es

ACI  318M.   I n t he absence of  det ai l ed on- si t e soi l  i nf or mat i on,  desi gn f or  
t he f ol l owi ng soi l  par amet er s/ s i t e condi t i ons:

a.   Angl e of  I nt er nal  Fr i ct i on ( phi )  =  0. 523 r ad 30 degr ees

b.   Uni t  Wei ght  of  Soi l  ( Dr y)  =  1760 kg/ m3 110 pcf ,  ( Sat ur at ed)

=  2080 kg/ m3 130 pcf

c.   Coef f i c i ent  of  Lat er al  Ear t h Pr essur e ( Ka)  = 0. 33

d.   Gr ound Wat er  Level  =  915 mm 3 f eet  bel ow gr ound el evat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y H20 hi ghway l oadi ng f or  most  
l ocat i ons.   Revi se as r equi r ed i f  l oadi ng i n excess 
of  H20 hi ghway l oadi ng i s r equi r ed.

I ndi cat e st r uct ur es subj ect  t o ai r cr af t  l oadi ng on 
t he dr awi ngs.   Al so show st r uct ur e desi gn 
r equi r ement s on t he dr awi ngs.   Desi gn decks and 
cover s subj ect  t o ai r cr af t  l oadi ngs f or  l oadi ngs per  
FAA AC- 150/ 5320- 6 except  as f ol l ows:

a.   Desi gn cover s f or  45 000 kg 100, 000 l b wheel  
l oads wi t h 1. 72 MPa 250 psi  t i r e pr essur e.

b.   For  spans of  l ess t han 0. 6 m 2 f eet  i n t he l east  
di r ect i on,  use a uni f or m l i ve l oad of  2. 24 Mpa 325 
psi .

c.   For  spans of  0. 6 m 2 f eet  or  gr eat er  i n t he 
l east  di r ect i on,  base t he desi gn on t he number  of  
wheel s whi ch wi l l  f i t  t he span.   Use wheel  l oads of  
34, 000 kg 75, 000 pounds.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

e.   Ver t i cal  desi gn l oads must  i ncl ude f ul l  dead,  super i mposed dead,  and 
l i ve l oads i ncl udi ng a 30 per cent  magni f i cat i on f act or  f or  i mpact .   
Li ve l oads must  consi der  al l  t ypes and magni t udes of  vehi cul ar  
( aut omot i ve,  i ndust r i al ,  or  ai r cr af t )  t r af f i c  t o be encount er ed.   The 
mi ni mum desi gn ver t i cal  l oad must  be f or  H20 hi ghway l oadi ng per  
AASHTO HB- 17.

f .   Hor i zont al  desi gn l oads must  i ncl ude f ul l  geost at i c and hydr ost at i c 
pr essur es f or  t he soi l  par amet er s,  wat er  t abl e,  and dept h of  
i nst al l at i on t o be encount er ed.   Al so,  hor i zont al  l oads i mposed by 
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adj acent  st r uct ur e f oundat i ons,  and hor i zont al  l oad component s of  
ver t i cal  desi gn l oads,  i ncl udi ng i mpact ,  must  be consi der ed,  al ong 
wi t h a pul l i ng- i n i r on desi gn l oad of  26, 700 N 6000 pounds.

g.   Each st r uct ur al  component  must  be desi gned f or  t he l oad combi nat i on 
and posi t i oni ng r esul t i ng i n t he maxi mum shear  and moment  f or  t hat  
par t i cul ar  component .

h.   Desi gn must  al so consi der  t he l i ve l oads i nduced i n t he handl i ng,  
i nst al l at i on,  and backf i l l i ng of  t he manhol es.   Pr ovi de l i f t i ng 
devi ces t o ensur e st r uct ur al  i nt egr i t y dur i ng handl i ng and 
i nst al l at i on.

2. 14. 2. 3   Const r uct i on

Pr ovi de a uni f or m t hi ckness f or  st r uct ur e t op,  bot t om,  and wal l  not  l ess 
t han 150 mm 6 i nches.   Thi n- wal l ed knock- out  panel s f or  desi gned or  f ut ur e 
duct  bank ent r ances ar e not  per mi t t ed.   Pr ovi de quant i t y,  s i ze,  and 
l ocat i on of  duct  bank ent r ance wi ndows as di r ect ed,  and cast  compl et el y 
open by t he pr ecast er .   Si ze of  wi ndows must  exceed t he nomi nal  duct  bank 
envel ope di mensi ons by at  l east  305 mm 12 i nches ver t i cal l y and 
hor i zont al l y t o pr ecl ude i n- f i el d wi ndow modi f i cat i ons made necessar y by 
duct  bank mi sal i gnment .   However ,  t he s i des of  pr ecast  wi ndows must  be a 
mi ni mum of  150 mm 6 i nches f r om t he i nsi de sur f ace of  adj acent  wal l s,  
f l oor s,  or  cei l i ngs.   For m t he per i met er  of  pr ecast  wi ndow openi ngs t o 
have a keyed or  i nwar d f l ar ed sur f ace t o pr ovi de a posi t i ve i nt er l ock wi t h 
t he mat i ng duct  bank envel ope.   Pr ovi de wel ded wi r e f abr i c r ei nf or ci ng 
t hr ough wi ndow openi ngs f or  i n- f i el d cut t i ng and f l ar i ng i nt o duct  bank 
envel opes.   Pr ovi de addi t i onal  r ei nf or ci ng st eel  compr i sed of  at  l east  t wo 
No.  4 bar s ar ound wi ndow openi ngs.   Pr ovi de dr ai n sumps a mi ni mum of  305 mm
 12 i nches i n di amet er  and 100 mm 4 i nches deep f or  pr ecast  st r uct ur es.

2. 14. 2. 4   Joi nt s

Pr ovi de t ongue- and- gr oove j oi nt s on mat i ng edges of  pr ecast  component s.   
Shi pl ap j oi nt s ar e not  al l owed.   Desi gn j oi nt s t o f i r ml y i nt er l ock 
adj oi ni ng component s and t o pr ovi de wat er pr oof  j unct i ons and adequat e 
shear  t r ansf er .   Seal  j oi nt s wat er t i ght  usi ng pr ef or med pl ast i c st r i p 
conf or mi ng t o ASTM C990M ASTM C990.   I nst al l  seal i ng mat er i al  i n st r i ct  
accor dance wi t h t he seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons.   Pr ovi de 
wat er pr oof i ng at  condui t / duct  ent r ances i nt o st r uct ur es,  and wher e access 
f r ame meet s t he t op sl ab,  pr ovi de cont i nuous gr out  seal .

2. 14. 3   Manhol e Fr ames and Cover s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   CI D A- A- 60005 i s used bel ow as a r equi r ement  
f or  manhol e f r ames and cover s.   Al t hough t hi s 
document  has been wi t hdr awn by GSA,  i t  i s  st i l l  used 
as a r equi r ement  because manuf act ur er s st i l l  use i t  
as a desi gn gui de.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de cast  i r on f r ames and cover s f or  manhol es conf or mi ng t o 
CI D A- A- 60005.   Cast  t he wor ds " ELECTRI C"  or  " TELECOMMUNI CATI ONS"  i n t he 
t op f ace of  power  and t el ecommuni cat i ons manhol e cover s,  r espect i vel y.
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2. 14. 4   Handhol e Fr ames and Cover s

Fr ames and cover s of  st eel  must  be wel ded by qual i f i ed wel der s i n 
accor dance wi t h st andar d commer ci al  pr act i ce.   Pr ovi de r ol l ed- st eel  f l oor  
pl at e cover s havi ng an appr oved ant i s l i p sur f ace.   Hi nges must  be of  
[ st ai nl ess st eel  wi t h br onze hi nge pi n]  [ wr ought  st eel ] ,  125 by 125 mm 5 
by 5 i nches by appr oxi mat el y 4. 75 mm 3/ 16 i nch t hi ck,  wi t hout  scr ew hol es,  
and must  be f or  f ul l  sur f ace appl i cat i on by f i l l et  wel di ng.   Hi nges must  
have nonr emovabl e pi ns and f i ve knuckl es.   The sur f aces of  pl at es under  
hi nges must  be t r ue af t er  t he r emoval  of  r ai sed ant i s l i p sur f ace,  by 
gr i ndi ng or  ot her  appr oved met hod.

[ 2. 14. 5   Fr ames and Cover s f or  Ai r f i el d Faci l i t i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s par agr aph f or  st r uct ur es subj ect  t o 
ai r cr af t  l oadi ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Fabr i cat e f r ames and cover s f or  ai r f i el d use of  st andar d commer ci al  gr ade 
st eel  wel ded by qual i f i ed wel der s i n accor dance wi t h AWS D1. 1/ D1. 1M.   
Pr ovi de r ol l ed st eel  f l oor  pl at e cover s havi ng an appr oved ant i - s l i p 
sur f ace.   St eel  f r ames and cover s must  be hot  di pped gal vani zed af t er  
f abr i cat i on.

] [ 2. 14. 6   Duct i l e I r on Fr ames and Cover s f or  Ai r f i el d Faci l i t i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   As an opt i on,  t he desi gner  may al so al l ow t he 
use of  t hi s par agr aph f or  st r uct ur es subj ect  t o 
ai r cr af t  l oadi ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

At  t he Cont r act or ' s opt i on,  duct i l e i r on cover s and f r ames desi gned f or  a 
mi ni mum pr oof  l oad of  45, 000 kg 100, 000 pounds may be pr ovi ded i n l i eu of  
t he st eel  f r ames and cover s i ndi cat ed.   Cover s must  be of  t he same 
mat er i al  as t he f r ames ( i . e.  duct i l e i r on f r ame wi t h duct i l e i r on cover ,  
gal vani zed st eel  f r ame wi t h gal vani zed st eel  cover ) .   Per f or m pr oof  
l oadi ng i n accor dance wi t h CI D A- A- 60005 and ASTM A48/ A48M.   Pr oof  l oads 
must  be physi cal l y st amped i nt o t he cover .   Pr ovi de t he Cont r act i ng 
Of f i cer  copi es of  pr evi ous pr oof  l oad t est  r esul t s per f or med on t he same 
f r ames and cover s as pr oposed f or  t hi s cont r act .   Modi f y t he t op of  t he 
st r uct ur e t o accept  t he duct i l e i r on st r uct ur e i n l i eu of  t he st eel  
st r uct ur e i ndi cat ed.   The f i ni shed st r uct ur e must  be l evel  and 
non- r ocki ng,  wi t h t he t op f l ush wi t h t he sur r oundi ng pavement .

] 2. 14. 7   Br i ck f or  Manhol e Col l ar

Pr ovi de sewer  and manhol e br i ck conf or mi ng t o ASTM C32,  Gr ade MS.

2. 14. 8   Composi t e/ Fi ber gl ass Handhol es and Cover s

ANSI / SCTE 77.   Pr ovi de handhol es and cover s of  pol ymer  concr et e,  
r ei nf or ced wi t h heavy weave f i ber gl ass wi t h a desi gn l oad ( Ti er  r at i ng)  
appr opr i at e f or  or  gr eat er  t han t he i nt ended use.   Al l  cover s ar e r equi r ed 
t o have t he Ti er  l evel  r at i ng embossed on t he sur f ace whi ch must  not  
exceed t he desi gn l oad of  t he box.
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2. 15   CABLE SUPPORTS ( RACKS,  ARMS,  AND I NSULATORS)

Zi nc coat  t he met al  por t i on of  r acks and ar ms af t er  f abr i cat i on.

2. 15. 1   Cabl e Rack St anchi ons

The wal l  br acket  or  st anchi on must  be 100 mm 4 i nches by appr oxi mat el y 38 
mm by 4. 76 mm 1- 1/ 2 i nch by 3/ 16 i nch channel  st eel ,  or  100 mm 4 i nches by 
appr oxi mat el y 25 mm 1 i nch gl ass- r ei nf or ced nyl on wi t h r ecessed bol t  
mount i ng hol es,  1220 mm 48 i nches l ong ( mi ni mum)  i n manhol es.   Space sl ot s 
f or  mount i ng cabl e r ack ar ms at  200 mm 8 i nch i nt er val s.

2. 15. 2   Rack Ar ms

Cabl e r ack ar ms must  be st eel  or  mal l eabl e i r on or  gl ass r ei nf or ced nyl on 
and must  be of  t he r emovabl e t ype.   Rack ar m l engt h must  be a mi ni mum of  
200 mm 8 i nches and a maxi mum of  305 mm 12 i nches.

2. 15. 3   I nsul at or s

I nsul at or s f or  met al  r ack ar ms must  be dr y- pr ocess gl azed por cel ai n.   
I nsul at or s ar e not  r equi r ed f or  nyl on ar ms.

2. 16   CABLE TAGS I N MANHOLES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Ver i f y cabl e l abel i ng r equi r ement s wi t h t he 
l ocal  Act i v i t y.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de pol yet hyl ene t ags f or  each power  cabl e l ocat ed i n manhol es.   Do 
not  pr ovi de handwr i t t en l et t er s.   The f i r st  posi t i on on t he power  cabl e 
t ag denot es t he vol t age.   The second t hr ough si xt h posi t i ons on t he t ag 
i dent i f i es t he c i r cui t .   The next  t o l ast  posi t i on denot es t he phase of  
t he c i r cui t  and i ncl ude t he Gr eek " phi "  symbol .   The l ast  posi t i on denot es 
t he cabl e s i ze.   As an exampl e,  a t ag coul d have t he f ol l owi ng 
desi gnat i on:   " 11. 5 NAS 1- 8( Phase A) 500, "  denot i ng t hat  t he t agged cabl e 
i s on t he 11. 5kV syst em ci r cui t  number  NAS 1- 8,  under gr ound,  Phase A,  
s i zed at  500 kcmi l .

2. 16. 1   Pol yet hyl ene Cabl e Tags

Pr ovi de t ags of  pol yet hyl ene havi ng an aver age t ensi l e st r engt h of  22. 4 MPa
 3250 pounds per  squar e i nch;  and t hat  ar e 2 mi l l i met er  0. 08 i nch t hi ck 
( mi ni mum) ,  non- cor r osi ve non- conduct i ve;  r esi st i ve t o aci ds,  al kal i s,  
or gani c sol vent s,  and sal t  wat er ;  and di st or t i on r esi st ant  t o 77 degr ees C 
170 degr ees F.   Pr ovi de 1. 3 mm 0. 05 i nch ( mi ni mum)  t hi ck bl ack 
pol yet hyl ene t ag hol der .   Pr ovi de a one- pi ece nyl on,  sel f - l ocki ng t i e at  
each end of  t he cabl e t ag,  havi ng a mi ni mum l oop t ensi l e st r engt h of  
778. 75 N 175 pounds and bl ack bl ock l et t er s,  number s,  and symbol s 25 mm 
one i nch hi gh on a yel l ow backgr ound.   Let t er s,  number s,  and symbol s must  
not  f al l  of f  or  change posi t i ons r egar dl ess of  t he cabl e t ags'  or i ent at i on.

2. 17   MEDI UM VOLTAGE ABOVE GROUND CABLE TERMI NATI NG CABI NETS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cabl e t er mi nat i ng cabi net s may be used f or  
above gr ound appl i cat i ons onl y.   They may be 
ut i l i zed i n pl ace of  manhol es f or  cabl e spl i c i ng 
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wher e t he l ocal  wat er  t abl e does not  al l ow f or  
manhol e dr ai nage,  or  i n l i mi t ed appl i cat i ons wher e 
i t  i s  desi r abl e t o pr ovi de a dead- br eak ci r cui t  
sect i onal i z i ng poi nt  f or  c i r cui t  i sol at i on.   
Loadbr eak connect or s ar e not  avai l abl e f or  
appl i cat i ons above 200 A.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cabl e t er mi nat i ng cabi net s must  be hook- st i ck oper abl e,  deadf r ont  
const r uct i on conf or mi ng t o t he r equi r ement s of  I EEE C37. 20. 3,  Cat egor y A.   
Pr ovi de cabi net s wi t h [ 200 A.  l oadbr eak j unct i ons and el bow- t ype separ abl e 
l oadbr eak connect or s,  cabl e par ki ng st ands,  and gr oundi ng l ugs] [ 600 A.  
dead- br eak j unct i ons and el bow- t ype separ abl e dead- br eak connect or s,  cabl e 
par ki ng st ands,  and gr oundi ng l ugs] .   Pr ovi de cabl e t er mi nat i ng equi pment  
i n conf or mance wi t h I EEE 386.

Rat i ngs at  60 Hz must  be:

Nomi nal  vol t age ( kV) [ _____]

Rat ed maxi mum vol t age ( kV) [ [ 15] [ 25] [ 35] ]

Rat ed cont i nuous cur r ent  ( A) [ [ 200] [ 600] ]

One- second shor t - t i me cur r ent - car r yi ng capaci t y ( kA) [ _____]

BI L ( kV) [ _____]

2. 18   LOW VOLTAGE ABOVE GROUND TERMI NATI ON PEDESTAL

Pr ovi de copol ymer  pol ypr opyl ene,  l ow vol t age above gr ound t er mi nat i on 
pedest al  manuf act ur ed t hr ough an i nj ect i on mol di ng pr ocess.   Pedest al s 
must  r esi st  f er t i l i zer s,  sal t  ai r  envi r onment s and ul t r a- v i ol et  
r adi at i on.   Pedest al  t op must  be i mpr i nt ed wi t h a " WARNI NG"  and " ELECTRI C"  
i dent i f i cat i on.   Pedest al  must  cont ai n [ t hr ee] [ f our ]  l ay- i n s i x por t  
connect or s,  NEMA C119. 4,  Cl ass " A" ,  dual  r at ed f or  al umi num or  copper ,  and 
capabl e of  t er mi nat i ng conduct or s r angi ng f r om 10 AWG t o 500 kcmi l .   
Pr ot ect  each connect or  wi t h a c l ear ,  har d l exan ( pl ast i c)  cover .   Pr ovi de 
pedest al  wi t h r ust - f r ee mat er i al  and st ai nl ess st eel  har dwar e t hat  i s 
l ockabl e.

2. 19   PROTECTI VE DEVI CES AND COORDI NATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  use on Navy Pr oj ect s.   Per  UFC 
3- 501- 01,  " El ect r i cal  Engi neer i ng" ,  t he desi gner  of  
r ecor d i s r esponsi bl e f or  pr ovi di ng a desi gn st age 
and a f i nal  coor di nat i on st udy based on as bui l t  
condi t i ons.

For  t he Ar my and Ai r  For ce,  t he desi gner  i s 
r esponsi bl e f or   speci f y i ng t he r equi r ement  f or  
f uses,  c i r cui t  br eaker s,  pr ot ect i ve r el ays,  or  ot her  
pr ot ect i ve devi ces associ at ed wi t h t he pr oj ect  and 
depi ct i ng t hem on t he dr awi ngs.   Sel ect  and speci f y 
t he pr ot ect i ve devi ces t o pr ot ect  el ect r i cal  power  
syst em conduct or s or  equi pment  agai nst  sust ai ned 
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over l oads,  i n- r ush condi t i ons,  el ect r i cal  f aul t s,  or  
ot her  abnor mal  power  syst em or  equi pment  oper at i ng 
condi t i ons,  i n accor dance wi t h I EEE 242,  and I EEE 
141.  Ut i l i ze sect i on 26 05 73 POWER SYSTEM STUDI ES 
and coor di nat e t he i ncor por at i on of  t he pr ot ect i ve 
devi ce r equi r ement s i dent i f i ed i n t he ot her  
equi pment  speci f i cat i on sect i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de pr ot ect i ve devi ces and coor di nat i on as speci f i ed i n Sect i on 
26 05 73 POWER SYSTEM STUDI ES.

2. 20   SOURCE QUALI TY CONTROL

2. 20. 1   Ar c- Pr oof i ng Test  f or  Cabl e Fi r epr oof i ng Tape

Manuf act ur er  must  t est  one sampl e assembl y consi st i ng of  a st r ai ght  l ead 
t ube 305 mm 12 i nches l ong wi t h a 65. 5 mm 2 1/ 2 i nch out si de di amet er ,  and 
a 3. 175 mm 1/ 8 i nch t hi ck wal l ,  and cover ed wi t h one- hal f  l ap l ayer  of  ar c 
and f i r epr oof i ng t ape per  manuf act ur er ' s i nst r uct i ons.   The ar c and 
f i r epr oof i ng t ape must  wi t hst and ext r eme t emper at ur e of  a hi gh- cur r ent  
f aul t  ar c 13, 000 degr ees K f or  70 cycl es as det er mi ned by usi ng an ar gon 
di r ect ed pl asma j et  capabl e of  const ant l y pr oduci ng and mai nt ai ni ng an ar c 
t emper at ur e of  13, 000 degr ees K.   Temper at ur e ( 13, 000 degr ees K)  of  t he 
i gni t ed ar c bet ween t he cat hode and anode must  be obt ai ned f r om a dc power  
sour ce of  305 ( pl us or  mi nus 5)  amper es and 20 ( pl us or  mi nus 1)  vol t s.   
Di r ect  t he ar c t owar d t he sampl e assembl y accur at el y posi t i oned 5 ( pl us or  
mi nus 1)  mi l l i met er s downst r eam i n t he pl asma f r om t he anode or i f i ce by 
f i xed f l ow r at e of  ar gon gas ( 0. 18 g per  second) .   Test  each sampl e 
assembl y at  t hr ee unr el at ed poi nt s.   St ar t  t i me f or  t est s must  be t aken 
f r om r ecor ded peak cur r ent  when t he speci men i s exposed t o t he f ul l  t est  
t emper at ur e.   Sur f ace heat  on t he speci men pr i or  t o t hat  t i me must  be 
mi ni mal .   The end poi nt  i s  est abl i shed when t he pl asma or  conduct i ve ar c 
penet r at es t he pr ot ect i ve t ape and st r i kes t he l ead t ube.   Submi t t al s f or  
ar c- pr oof i ng t ape must  i ndi cat e t hat  t he t est  has been per f or med and 
passed by t he manuf act ur er .

2. 20. 2   Medi um Vol t age Cabl e Qual i f i cat i on and Pr oduct i on Test s

Resul t s of  AEI C CS8 qual i f i cat i on and pr oduct i on t est s as appl i cabl e f or  
each t ype of  medi um vol t age cabl e.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Soi l  t r eat ment  f or  t er mi t e cont r ol  shoul d 
conf or m t o Sect i on 31 31 16. 13 CHEMI CAL TERMI TE 
CONTROL,  except  t hat  appl i cat i on t o di r ect  bur i al  
cabl e i nst al l at i on shoul d be as speci f i ed.   I n l i eu 
of  soi l  poi soni ng,  cabl e i n di r ect - bur i ed EPC- 40- PVC 
condui t  can be a mor e economi cal  and pr act i cal  way 
of  pr ot ect i ng cabl e f r om t er mi t es.   For  pr oj ect s 
wi t h di r ect - bur i ed cabl e ( not  i n condui t )  and at  
pr oj ect  l ocat i ons i n Envi r onment al  Sever i t y 
Cl assi f i cat i ons ( ESC)  C4 and C5,  t r eat  soi l  a mi ni mum
 305 mm 12 i nches on each si de f or  t he ent i r e l engt h 

SECTI ON 33 71 02  Page 36



of  t he cabl e.   For  t hese pr oj ect s i ncl ude t he l ast  
br acket ed sent ence i n t he par agr aph bel ow,  and edi t  
and i ncl ude Sect i on 31 31 16. 13 CHEMI CAL TERMI TE 
CONTROL.   See UFC 1- 200- 01 f or  det er mi nat i on of  ESC 
f or  pr oj ect  l ocat i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   CALPUC publ i cat i on appl i es onl y t o St at e of  
Cal i f or ni a Publ i c Ut i l i t i es Commi ssi on CALPUC 
G. O. 128,  " Const r uct i on of  Under gr ound El ect r i c 
Suppl y and Communi cat i on Syst em"  f or  under gr ound 
el ect r i cal  wor k.   For  ot her  st at es,  del et e t hi s 
publ i cat i on and i nser t  ot her  publ i cat i ons whi ch 
gover n under gr ound el ect r i cal  wor k f or  t hat  st at e.   
Revi se r ef er ence par agr aph t o i ncl ude del et i on or  
addi t i on of  st at e publ i cat i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I nst al l  equi pment  and devi ces i n accor dance wi t h t he manuf act ur er ' s 
publ i shed i nst r uct i ons and wi t h t he r equi r ement s and r ecommendat i ons of  
NFPA 70[  and I EEE C2] [  and CALPUC G. O. 128]  as appl i cabl e.   I n addi t i on t o 
t hese r equi r ement s,  i nst al l  t el ecommuni cat i ons i n accor dance wi t h TI A- 758 
and RUS Bul l  1751F- 644. [   Tr eat  soi l  a mi ni mum 305 mm 12 i nches on each 
si de of  t he i nst al l ed cabl e f or  t he ent i r e l engt h i n accor dance wi t h 
Sect i on 31 31 16. 13 CHEMI CAL TERMI TE CONTROL. ]

3. 2   CABLE I NSPECTI ON

I nspect  each cabl e r eel  f or  cor r ect  st or age posi t i ons,  s i gns of  physi cal  
damage,  and br oken end seal s pr i or  t o i nst al l at i on.   I f  end seal  i s  
br oken,  r emove moi st ur e f r om cabl e pr i or  t o i nst al l at i on i n accor dance 
wi t h t he cabl e manuf act ur er ' s r ecommendat i ons.

[ 3. 3   CABLE I NSTALLATI ON PLAN AND PROCEDURE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s par agr aph when pul l i ng cabl e bet ween 
manhol es.   Do not  use t hi s par agr aph when onl y 
i nst al l i ng bet ween pol es and manhol es.

Choose checkl i st  f or  smal l  el ect r i cal  di st r i but i on 
j obs,  and cal cul at i ons f or  l ar ge j obs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Obt ai n f r om t he manuf act ur er  an i nst al l at i on manual  or  set  of  i nst r uct i ons 
whi ch addr esses such aspect s as cabl e const r uct i on,  i nsul at i on t ype,  cabl e 
di amet er ,  bendi ng r adi us,  cabl e t emper at ur e l i mi t s f or  i nst al l at i on,  
l ubr i cant s,  coef f i c i ent  of  f r i c t i on,  condui t  c l eani ng,  st or age pr ocedur es,  
moi st ur e seal s,  t est i ng f or  and pur gi ng moi st ur e,  maxi mum al l owabl e 
pul l i ng t ensi on,  and maxi mum al l owabl e s i dewal l  bear i ng pr essur e.   
[ Pr epar e a checkl i st  of  s i gni f i cant  r equi r ement s ] [ Per f or m pul l i ng 
cal cul at i ons and pr epar e a pul l i ng pl an ] and submi t  al ong wi t h t he 
manuf act ur er ' s i nst r uct i ons i n accor dance wi t h SUBMI TTALS.   I nst al l  cabl e 
st r i ct l y i n accor dance wi t h t he cabl e manuf act ur er ' s r ecommendat i ons and 
t he appr oved i nst al l at i on pl an.

[ Cal cul at i ons and pul l i ng pl an must  i ncl ude:
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a.   Si t e l ayout  dr awi ng wi t h cabl e pul l s i dent i f i ed i n numer i c or der  of  
expect ed pul l i ng sequence and di r ect i on of  cabl e pul l .

b.   Li st  of  cabl e i nst al l at i on equi pment .

c.   Lubr i cant  manuf act ur er ' s appl i cat i on i nst r uct i ons.

d.   Pr ocedur e f or  r eseal i ng cabl e ends t o pr event  moi st ur e f r om ent er i ng 
cabl e.

e.   Cabl e pul l i ng t ensi on cal cul at i ons of  al l  cabl e pul l s.

f .   Cabl e per cent age condui t  f i l l .

g.   Cabl e s i dewal l  bear i ng pr essur e.

h.   Cabl e mi ni mum bend r adi us and mi ni mum di amet er  of  pul l i ng wheel s used.

i .   Cabl e j am r at i o.

j .   Maxi mum al l owabl e pul l i ng t ensi on on each di f f er ent  t ype and si ze of  
conduct or .

k.   Maxi mum al l owabl e pul l i ng t ensi on on pul l i ng devi ce.

] ] 3. 4   UNDERGROUND FEEDERS SUPPLYI NG BUI LDI NGS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Navy onl y,  choose PVC.   Do not  speci f y 
I MC/ al umi num i n cor r osi ve l ocat i ons.   Cor r osi ve 
l ocat i ons ar e t hose wi t h Envi r onment al  Sever i t y 
Cl assi f i cat i ons ( ESC)  of  C3 t hr u C5.   See UFC 
1- 200- 01 f or  det er mi nat i on of  ESC f or  pr oj ect  
l ocat i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ter mi nat e under gr ound f eeder s suppl y i ng bui l di ng at  a poi nt  1525 mm 5 f eet  
out si de t he bui l di ng and pr oj ect i ons t her eof ,  except  t hat  conduct or s must  
be cont i nuous t o t he t er mi nat i ng poi nt  i ndi cat ed.   Coor di nat e connect i ons 
of  t he f eeder s t o t he ser vi ce ent r ance equi pment  wi t h Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de [ PVC,  Type EPC- 40] [ I MC] [ RGS]  
condui t  f r om t he suppl y equi pment  t o a poi nt  1525 mm 5 f eet  out si de t he 
bui l di ng and pr oj ect i ons t her eof .   Pr ot ect  ends of  under gr ound condui t  
wi t h pl ast i c pl ugs unt i l  connect i ons ar e made.

[ Encase t he under gr ound por t i on of  t he condui t  i n a concr et e envel ope and 
bur y as speci f i ed f or  under gr ound duct  wi t h concr et e encasement .

] 3. 5   UNDERGROUND STRUCTURE CONSTRUCTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t hi s par agr aph t o compl y wi t h pr oj ect  
r equi r ement s concer ni ng t he t ype of  st r uct ur e,  
st r engt h of  concr et e,  concr et e mi x,  met al  
accessor i es,  and excavat i ng and gr adi ng.   I ndi cat e 
speci al  r ei nf or ci ng wher e r equi r ed.   Cont act  l ocal  
t el ephone company,  wher e appl i cabl e,  concer ni ng t he 
si ze of  al l  s i gnal  manhol es and t he number  and t ype 
of  s i gnal  duct  r equi r ed.   Det er mi ne avai l abi l i t y  
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si nce H20 or  ai r cr af t  l oadi ngs may not  be avai l abl e 
i n pr ecast .

For  Navy pr oj ect s,  see st andar d sket ches UG- 1 
t hr ough UG- 7 cover i ng manhol es and handhol es.   
I ncl ude t he r equi r ed sket ches on t he pr oj ect  
dr awi ngs.  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de st andar d t ype cast - i n- pl ace const r uct i on as speci f i ed her ei n and 
as i ndi cat ed,  or  pr ecast  const r uct i on as speci f i ed her ei n.   Hor i zont al  
concr et e sur f aces of  f l oor s must  have a smoot h t r owel  f i ni sh.   Cur e 
concr et e by appl y i ng t wo coat s of  whi t e pi gment ed membr ane f or mi ng- cur i ng 
compound i n st r i ct  accor dance wi t h t he manuf act ur er ' s pr i nt ed 
i nst r uct i ons,  except  t hat  pr ecast  concr et e may be st eam cur ed.   Cur i ng 
compound must  conf or m t o ASTM C309.   Locat e duct  ent r ances and wi ndows i n 
t he cent er  of  end wal l s ( shor t er )  and near  t he cor ner s of  s i dewal l s 
( l onger )  t o f aci l i t at e cabl e r acki ng and spl i c i ng.   Cover s f or  under gr ound 
st r uct ur es must  f i t  t he f r ames wi t hout  undue pl ay.   For m st eel  and i r on t o 
shape and si ze wi t h shar p l i nes and angl es.   Cast i ngs must  be f r ee f r om 
war p and bl ow hol es t hat  may i mpai r  st r engt h or  appear ance.   Exposed met al  
must  have a smoot h f i ni sh and shar p l i nes and ar i ses.   Pr ovi de necessar y 
l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n i r ons and ot her  bui l t - i n 
i t ems i n pl ace bef or e deposi t i ng concr et e.   Manhol e l ocat i ons,  as 
i ndi cat ed,  ar e appr oxi mat e.   Coor di nat e exact  manhol e l ocat i ons wi t h ot her  
ut i l i t i es and f i ni shed gr adi ng and pavi ng.

3. 5. 1   Cast - I n- Pl ace Concr et e St r uct ur es

[ Const r uct  wal l s on a f oot i ng of  cast - i n- pl ace concr et e except  t hat  
pr ecast  concr et e base sect i ons may be used f or  pr ecast  concr et e manhol e 
r i ser s. ]  [ Pr ovi de concr et e bl ock conf or mi ng t o ASTM C139 and Sect i on 
04 20 00 MASONRY. ]  [ Concr et e bl ock i s not  al l owed i n ar eas subj ect  t o 
ai r cr af t  l oadi ng. ]

3. 5. 2   Pr ecast  Concr et e Const r uct i on

Set  commer ci al  pr ecast  st r uct ur es on 150 mm 6 i nches of  l evel ,  90 per cent  
compact ed gr anul ar  f i l l ,  19 mm t o 25 mm 3/ 4 i nch t o 1 i nch si ze,  ext endi ng 
305 mm 12 i nches beyond t he st r uct ur e on each si de.   Compact  gr anul ar  f i l l  
by a mi ni mum of  f our  passes wi t h a pl at e t ype vi br at or .   I nst al l at i on must  
addi t i onal l y conf or m t o t he manuf act ur er ' s i nst r uct i ons.

3. 5. 3   Pul l i ng- I n I r ons

Pr ovi de st eel  bar s bent  as i ndi cat ed,  and cast  i n t he wal l s and f l oor s.   
Al t er nat i vel y,  pi pe s l eeves may be pr ecast  i nt o t he wal l s and f l oor s wher e 
r equi r ed t o accept  U- bol t s or  ot her  t ypes of  pul l i ng- i n devi ces possessi ng 
t he st r engt hs and cl ear ances st at ed her ei n.   The f i nal  i nst al l at i on of  
pul l i ng- i n devi ces must  be made per manent .   Cover  and seal  ext er i or  
pr oj ect i ons of  t hr u- wal l  t ype pul l i ng- i n devi ces wi t h an appr opr i at e 
pr ot ect i ve coat i ng.   I n t he f l oor ,  l ocat e t he i r ons a mi ni mum of  150 mm 6 
i nches f r om t he edge of  t he sump,  and i n t he wal l s,  l ocat e t he i r ons wi t hi n
 150 mm 6 i nches of  t he pr oj ect ed cent er  of  t he duct  bank pat t er n or  
pr ecast  wi ndow i n t he opposi t e wal l .   However ,  t he pul l i ng- i n i r on must  
not  be l ocat ed wi t hi n 150 mm 6 i nches of  an adj acent  i nt er i or  sur f ace,  or  
duct  or  pr ecast  wi ndow l ocat ed wi t hi n t he same wal l  as t he i r on.   I f  a 
pul l i ng- i n i r on cannot  be l ocat ed di r ect l y opposi t e t he cor r espondi ng duct  
bank or  pr ecast  wi ndow due t o t hi s c l ear ance l i mi t at i on,  l ocat e t he i r on 
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di r ect l y above or  bel ow t he pr oj ect ed cent er  of  t he duct  bank pat t er n or  
pr ecast  wi ndow t he mi ni mum di st ance r equi r ed t o pr eser ve t he 150 mm 6 i nch 
cl ear ance pr evi ousl y st at ed.   I n t he case of  di r ect l y opposi ng pr ecast  
wi ndows,  pul l i ng- i n i r ons consi st i ng of  a 915 mm 3 f oot  l engt h of  No.  5 
r ei nf or ci ng bar ,  f or med i nt o a hai r pi n,  may be cast - i n- pl ace wi t hi n t he 
pr ecast  wi ndows si mul t aneousl y wi t h t he end of  t he cor r espondi ng duct  bank 
envel ope.   I r ons i nst al l ed i n t hi s manner  must  be posi t i oned di r ect l y i n 
l i ne wi t h,  or  when not  possi bl e,  di r ect l y above or  bel ow t he pr oj ect ed 
cent er  of  t he duct  bank pat t er n ent er i ng t he opposi t e wal l ,  whi l e 
mai nt ai ni ng a mi ni mum cl ear  di st ance of  75 mm 3 i nches f r om any edge of  
t he cast - i n- pl ace duct  bank envel ope or  any i ndi v i dual  duct .   Pul l i ng- i n 
i r ons must  have a c l ear  pr oj ect i on i nt o t he st r uct ur e of  appr oxi mat el y 100 
mm 4 i nches and must  be desi gned t o wi t hst and a mi ni mum pul l i ng- i n l oad of  
26, 700 N 6000 pounds.   Hot - di p gal vani ze i r ons af t er  f abr i cat i on.

3. 5. 4   Cabl e Racks,  Ar ms and I nsul at or s

Cabl e r acks,  ar ms and i nsul at or s must  be suf f i c i ent  t o accommodat e t he 
cabl es.   Space r acks i n power  manhol es not  mor e t han 915 mm 3 f eet  apar t ,  
and pr ovi de each manhol e wal l  wi t h a mi ni mum of  t wo r acks.   Space r acks i n 
s i gnal  manhol es not  mor e t han 420 mm 16 1/ 2 i nches apar t  wi t h t he end r ack 
bei ng no f ur t her  t han 305 mm 12 i nches f r om t he adj acent  wal l .   Met hods of  
anchor i ng cabl e r acks ar e as f ol l ows:

a.   Pr ovi de a 15 mm di amet er  by 125 mm 5/ 8 i nch di amet er  by 5 i nch l ong 
anchor  bol t  wi t h 75 mm 3 i nch f oot  cast  i n st r uct ur e wal l  wi t h 50 mm 2 
i nch pr ot r usi on of  t hr eaded por t i on of  bol t  i nt o st r uct ur e.   Pr ovi de 
15 mm 5/ 8 i nch st eel  squar e head nut  on each anchor  bol t .   Coat  
t hr eads of  anchor  bol t s wi t h sui t abl e coat i ng i mmedi at el y pr i or  t o 
i nst al l i ng nut s.

b.   Pr ovi de concr et e channel  i nser t  wi t h a mi ni mum l oad r at i ng of  1192 kg 
per  met er  800 pounds per  f oot .   I nser t  channel  must  be st eel  of  t he 
same l engt h as " ver t i cal  r ack channel ; "  and cast  f l ush i n st r uct ur e 
wal l .   Pr ovi de 15 mm 5/ 8 i nch st eel  nut s i n channel  i nser t  t o r ecei ve 
15 mm di amet er  by 75 mm 5/ 8 i nch di amet er  by 3 i nch l ong st eel ,  squar e 
head anchor  bol t s.

c.   Pr ovi de concr et e " spot  i nser t "  at  each anchor  bol t  l ocat i on,  cast  
f l ush i n st r uct ur e wal l .   Each i nser t  must  have mi ni mum 365 kg 800 
pound l oad r at i ng.   Pr ovi de 15 mm di amet er  by 75 mm 5/ 8 i nch di amet er  
by 3 i nch l ong st eel ,  squar e head anchor  bol t  at  each anchor  poi nt .   
Coat  t hr eads of  anchor  bol t s wi t h sui t abl e coat i ng i mmedi at el y pr i or  
t o i nst al l i ng bol t s.

3. 5. 5   Fi el d Pai nt i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t o mat ch pr oduct s cont ai ned i n Par t  2.   
Choose cast - i r on f or  most  appl i cat i ons.   Duct i l e 
i r on or  st eel  may be r equi r ed f or  ar eas subj ect  t o 
heavy l oadi ng such as ai r f i el ds or  i ndust r i al  ar eas.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cl ean cast - i r on f r ames and cover s not  bur i ed i n concr et e or  masonr y of  
mor t ar ,  r ust ,  gr ease,  di r t  and ot her  del et er i ous mat er i al s,  and coat  wi t h 
bi t umi nous pai nt .
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[ 3. 6   DI RECT BURI AL CABLE SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o UFC 3- 550- 01,  " Ext er i or  El ect r i cal  
Power  Di st r i but i on" ,  f or  gui dance on when di r ect  
bur i ed wi r i ng may be per mi t t ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Di r ect - bur y cabl es i n t he ear t h bel ow t he f r ost l i ne [ as i ndi cat ed] [ t o t he 
r equi r ement s of  NFPA 70 and I EEE C2,  whi chever  i s mor e st r i ngent ] .

3. 6. 1   Tr enchi ng

Excavat e t r enches f or  di r ect - bur i al  cabl es t o pr ovi de a mi ni mum cabl e 
cover  of   610 mm 24 i nches bel ow f i ni shed gr ade f or  power  conduct or s 
oper at ed at  600 vol t s or  l ess,  and  765 mm 30 i nches bel ow f i ni shed gr ade 
f or  over  600 vol t s i n accor dance wi t h I EEE C2.   When r ock i s encount er ed,  
r emove t o a dept h of  at  l east  75 mm 3 i nches bel ow t he cabl e and f i l l  t he 
space wi t h sand or  c l ean ear t h f r ee f r om par t i c l es l ar ger  t han 6 mm 1/ 4 
i nch.   Bot t oms of  t r enches must  be smoot h and f r ee of  st ones and shar p 
obj ect s.   Wher e mat er i al s i n bot t oms of  t r enches ar e ot her  t han sand,  a 75 
mm 3 i nch l ayer  of  sand must  be l ai d f i r st  and compact ed t o appr oxi mat e 
densi t i es of  sur r oundi ng f i r m soi l .    Tr enches must  be not  l ess t han 
[ 150] [ 200]  mm [ 6] [ 8]  i nches wi de,  and must  be i n st r ai ght  l i nes bet ween 
cabl e mar ker s. [   Do not  use cabl e pl ows. ]   Bends i n t r enches must  have a 
r adi us [ of  not  l ess t han 915 mm 36 i nches] [ consi st ent  wi t h t he cabl e 
manuf act ur er ' s publ i shed mi ni mum cabl e bendi ng r adi us f or  t he cabl e 
i nst al l ed] .

3. 6. 2   Cabl e I nst al l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e soi l  i s  known t o be r ocky,  pr ovi de 
sel ect ed backf i l l  f or  cabl e pr ot ect i on.   Speci f y 
bend r adi us i n accor dance wi t h NFPA 70.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Unr eel  cabl es al ong t he si des of  or  i n t r enches and car ef ul l y pl ace on 
sand or  ear t h bot t oms.   Pul l i ng cabl es i nt o di r ect - bur i al  t r enches f r om a 
f i xed r eel  posi t i on i s not  per mi t t ed,  except  as r equi r ed t o pul l  cabl es 
t hr ough condui t s under  pavi ng or  r ai l r oad t r acks.

Wher e t wo or  mor e cabl es ar e l ai d par al l el  i n t he same t r ench,  space 
cabl es l at er al l y at  not  l ess t han 75 mm 3 i nches apar t ,  except  t hat  
communi cat i on cabl e must  be separ at ed f r om power  cabl e by a mi ni mum 
di st ance of  305 mm 12 i nches.

Wher e di r ect - bur i al  cabl es cr oss under  r oads or  ot her  pavi ng exceedi ng 1. 5 
m5 f eet  i n wi dt h,  i nst al l  such cabl es i n[  concr et e- encased]  duct s.   Wher e 
di r ect - bur i al  cabl es cr oss under  r ai l r oad t r acks,  i nst al l  such cabl es i n 
[ r ei nf or ced concr et e- encased duct s] [ duct s i nst al l ed t hr ough r i gi d 
gal vani zed st eel  s l eeves] .   Ext end duct s at  l east  1. 5 m 5 f eet  beyond each 
edge of  any pavi ng and at  l east  1. 5 m 5 f eet  beyond each si de of  any 
r ai l r oad t r acks.   Cabl es may be pul l ed i nt o duct  f r om a f i xed r eel  wher e 
sui t abl e r ol l er s ar e pr ovi ded i n t he t r ench.   Wher e di r ect  bur i al  cabl e 
t r ansi t i ons t o duct - encl osed cabl e,  cent er  di r ect - bur i al  cabl es i n duct  
ent r ances,  and a wat er pr oof  nonhar deni ng mast i c compound must  be used t o 
f aci l i t at e such cent er i ng.   I f  pavi ng or  r ai l r oad t r acks ar e i n pl ace 
wher e cabl es ar e t o be i nst al l ed,  coat ed r i gi d st eel  condui t s dr i ven under  
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t he pavi ng or  r ai l r oad t r acks may be used i n l i eu of  concr et e- encased 
duct s.   Pr event  damage t o condui t  coat i ngs by pr ovi di ng f er r ous pi pe 
j acket s or  by pr edr i l l i ng.   Wher e cut s ar e made i n any pavi ng,  r est or e t he 
pavi ng and subbase t o t hei r  or i gi nal  condi t i on.   Wher e cabl e i s pl aced i n 
duct ( e. g.  under  paved ar eas,  r oads,  or  r ai l r oads) ,  s l ope duct s t o dr ai n.

3. 6. 3   Spl i c i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di r ect  ear t h bur i al  cabl es gener al l y r equi r e 
di r ect  bur i al  spl i ces.  Obser ve mar ker  s l ab 
r equi r ement s pr evi ousl y cover ed i n t hi s 
speci f i cat i on.  Di r ect  bur i al  spl i ces ar e al l owabl e 
f or  NAVFAC pr oj ect s onl y,  do not  speci f y f or  Ar my 
and Ai r  For ce Pr oj ect s.   For  Ar my and Ai r  For ce 
pr oj ect s,  use t he second br acket ed opt i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de cabl es i n one pi ece wi t hout  spl i ces bet ween connect i ons except  
wher e t he di st ance exceeds t he l engt hs i n whi ch cabl es ar e manuf act ur ed. [   
Wher e spl i ces ar e r equi r ed,  pr ovi de spl i ces desi gned and r at ed f or  di r ect  
bur i al . ] [   Wher e spl i ces ar e r equi r ed,  i nst al l  spl i ces onl y i n mai nt enance 
manhol es/ handhol es or  cabi net s/ pedest al s. ]

3. 6. 4   Bends

Bends i n cabl es must  have an i nner  r adi us not  l ess t han t hose speci f i ed i n 
NFPA 70 f or  t he t ype of  cabl e,  or  manuf act ur er ' s r ecommendat i on.

3. 6. 5   Hor i zont al  Sl ack

Leave appr oxi mat el y 915 mm 3 f eet  of  hor i zont al  s l ack i n t he gr ound on 
each end of  cabl e r uns,  on each si de of  connect i on boxes,  and at  poi nt s 
wher e connect i ons ar e br ought  above gr ound.   Wher e cabl e i s br ought  above 
gr ound,  l eave addi t i onal  s l ack t o make necessar y connect i ons. [   Encl ose 
spl i ces i n l ead- sheat hed or  ar mor ed cabl es i n spl i t - t ype cast - i r on spl i ce 
boxes;  af t er  compl et i on of  t he connect i on,  f i l l  wi t h i nsul at i ng f i l l er  
compound and t i ght l y c l amp t he box. ]

3. 6. 6   I dent i f i cat i on Sl abs[  or  Mar ker s]

Pr ovi de a s l ab at  each change of  di r ect i on of  cabl e,  over  t he ends of  
duct s or  condui t s whi ch ar e i nst al l ed under  paved ar eas and r oadways[ ,  
over  t he ends of  duct s or  condui t s st ubbed out  f or  f ut ur e use] [ ,  and over  
each spl i ce] .   I dent i f i cat i on s l abs must  be concr et e,  appr oxi mat el y 500 mm 
squar e by 150 mm 20 i nches squar e by 6 i nches t hi ck,  set  f l at  i n t he 
gr ound so t hat  t op sur f ace pr oj ect s not  l ess t han 20 mm 3/ 4 i nch,  nor  mor e 
t han 30 mm 1 1/ 4 i nches above gr ound.   Concr et e must  have a compr essi ve 
st r engt h of  not  l ess t han 20 MPa 3000 psi  and have a smoot h t r owel ed 
f i ni sh on exposed sur f ace.   I nscr i be an i dent i f y i ng l egend such as 
" el ect r i c cabl e, "  " t el ephone cabl e, "  " spl i ce, "  or  ot her  appl i cabl e 
desi gnat i on on t he t op sur f ace of  t he s l ab bef or e concr et e har dens.   
I nscr i be c i r cui t  i dent i f i cat i on symbol s on sl abs as i ndi cat ed.   Let t er s or  
f i gur es must  be appr oxi mat el y 50 mm 2 i nches hi gh and gr ooves must  be 
appr oxi mat el y 6 mm 1/ 4 i nch i n wi dt h and dept h.   I nst al l  s l abs so t hat  t he 
s i de near est  t he i nscr i pt i on on t op i ncl udes an ar r ow i ndi cat i ng t he s i de 
near est  t he cabl e.   Pr ovi de col or ,  t ype and dept h of  war ni ng t ape as 
speci f i ed i n Sect i on 31 00 00 EARTHWORK.
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] 3. 7   UNDERGROUND CONDUI T AND DUCT SYSTEMS

3. 7. 1   Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e di r ect  bur i ed condui t  and concr et e 
encased condui t  on dr awi ngs.   Ensur e t hat  duct  i s 
speci f i ed t o be i nst al l ed bel ow t he f r ost  l i ne 
dept h.   Pl acement  of  gr oundi ng conduct or  bel ow duct  
bank i s pr ef er r ed si nce i t  wi l l  be physi cal l y 
pr ot ect ed by t he concr et e encasement ;  however ,  
coor di nat e wi t h t he Act i v i t y r egar di ng pl acement  
bel ow or  above duct  bank.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Run condui t  i n st r ai ght  l i nes except  wher e a change of  di r ect i on i s 
necessar y.   Pr ovi de number s and si zes of  duct s as i ndi cat ed.   Pr ovi de a 
4/ 0 AWG bar e copper  gr oundi ng conduct or  [ bel ow] [ above]  medi um- vol t age 
di st r i but i on duct  banks.   Bond bar e copper  gr oundi ng conduct or  t o gr ound 
r i ngs ( l oops)  i n al l  manhol es and t o gr ound r i ngs ( l oops)  at  al l  equi pment  
s l abs ( pads) .   Rout e gr oundi ng conduct or  i nt o manhol es wi t h t he duct  bank 
( s l eevi ng i s not  r equi r ed) .   Duct s must  have a cont i nuous sl ope downwar d 
t owar d under gr ound st r uct ur es and away f r om bui l di ngs,  l ai d wi t h a mi ni mum 
sl ope of  [ 75 mm] [ 100 mm]  per  30 m [ 3] [ 4]  i nches per  100 f eet .   Dependi ng 
on t he cont our  of  t he f i ni shed gr ade,  t he hi gh- poi nt  may be at  a t er mi nal ,  
a manhol e,  a handhol e,  or  bet ween manhol es or  handhol es.   Ter mi nat e al l  
PVC condui t  end poi nt s i n ut i l i t y  hol es,  swi t chi ng cabi net s,  t r ansf or m 
handhol es and bui l di ngs wi t h end bel l s.   The bel l  end of  t he condui t s t hat  
ent er  manhol es and handhol es must  be f l ush wi t h t he wal l .

Per f or m changes i n duct bank di r ect i on as f ol l ows:

a.   Shor t - r adi us manuf act ur ed 90- degr ee duct  bends may be used onl y f or  
pol e or  equi pment  r i ser s,  unl ess speci f i cal l y i ndi cat ed as accept abl e.

b.   The mi ni mum manuf act ur ed bend r adi us must  be 450 mm 18 i nches f or  
duct s of  l ess t han 80 mm 3 i nch di amet er ,  and 900 mm 36 i nches f or  
duct s 80 mm 3 i nches or  gr eat er  i n di amet er .  

c.   As an except i on t o t he bend r adi us r equi r ed above,  pr ovi de f i el d 
manuf act ur ed l ongsweep bends havi ng a mi ni mum r adi us of  7. 6 m 25 f eet  
f or  a change of  di r ect i on of  mor e t han 5 degr ees,  ei t her  hor i zont al l y 
or  ver t i cal l y,  usi ng a combi nat i on of  cur ved and st r ai ght  sect i ons.   
Maxi mum manuf act ur ed cur ved sect i ons al l owed f or  use i n f i el d 
manuf act ur ed l ongsweep bend:   30 degr ees.

3. 7. 2   Tr eat ment

Keep duct s c l ean of  concr et e,  di r t ,  or  f or ei gn subst ances dur i ng 
const r uct i on.   Make f i el d cut s r equi r i ng t aper s wi t h pr oper  t ool s and 
mat ch f act or y t aper s.   Use a coupl i ng r ecommended by t he duct  manuf act ur er  
whenever  an exi st i ng duct  i s connect ed t o a duct  of  di f f er ent  mat er i al  or  
shape.   St or e duct s t o avoi d war pi ng and det er i or at i on wi t h ends 
suf f i c i ent l y pl ugged t o pr event  ent r y of  any wat er  or  sol i d subst ances.   
Thor oughl y c l ean duct s bef or e bei ng l ai d.   St or e pl ast i c duct s on a f l at  
sur f ace and pr ot ect ed f r om t he di r ect  r ays of  t he sun.
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3. 7. 3   Condui t  Cl eani ng

As each condui t  r un i s compl et ed,  f or  condui t  s i zes 75 mm 3 i nches and 
l ar ger ,  dr aw a f l exi bl e t est i ng mandr el  appr oxi mat el y 305 mm 12 i nches 
l ong wi t h a di amet er  l ess t han t he i nsi de di amet er  of  t he condui t  t hr ough 
t he condui t .   Af t er  whi ch,  dr aw a st i f f  br i st l e br ush t hr ough unt i l  
condui t  i s  c l ear  of  par t i c l es of  ear t h,  sand and gr avel ;  t hen i mmedi at el y 
i nst al l  condui t  pl ugs.   For  condui t  s i zes l ess t han 75 mm 3 i nches,  dr aw a 
st i f f  br i st l e br ush t hr ough unt i l  condui t  i s  c l ear  of  par t i c l es of  ear t h,  
sand and gr avel ;  t hen i mmedi at el y i nst al l  condui t  pl ugs.  

3. 7. 4   Jacki ng and Dr i l l i ng Under  Roads and St r uct ur es

Condui t s t o be i nst al l ed under  exi st i ng paved ar eas whi ch ar e not  t o be 
di st ur bed,  and under  r oads and r ai l r oad t r acks,  must  be zi nc- coat ed,  r i gi d 
st eel ,  j acked i nt o pl ace.   Wher e duct s ar e j acked under  exi st i ng pavement ,  
i nst al l  r i gi d st eel  condui t  because of  i t s  st r engt h.   To pr ot ect  t he 
cor r osi on- r esi st ant  condui t  coat i ng,  pr edr i l l i ng or  i nst al l i ng condui t  
i nsi de a l ar ger  i r on pi pe sl eeve ( j ack- and- sl eeve)  i s r equi r ed.   For  
cr ossi ngs of  exi st i ng r ai l r oads and ai r f i el d pavement s gr eat er  t han 15 m 
50 f eet  i n l engt h,  t he pr edr i l l i ng met hod or  t he j ack- and- sl eeve met hod 
wi l l  be used.   Separ at or s or  spaci ng bl ocks must  be made of  st eel ,  
concr et e,  pl ast i c,  or  a combi nat i on of  t hese mat er i al s pl aced not  f ar t her  
apar t  t han 1. 2 m 4 f eet  on cent er s. [   Hydr aul i c j et  met hod must  not  be 
used. ]

[ 3. 7. 5   Gal vani zed Condui t  Concr et e Penet r at i ons

Gal vani zed condui t s whi ch penet r at e concr et e ( s l abs,  pavement ,  and wal l s)  
i n wet  l ocat i ons must  be PVC coat ed and ext end f r om at  l east  50 mm 2 i nches
 wi t hi n t he concr et e t o t he f i r st  coupl i ng or  f i t t i ng out si de t he concr et e 
( mi ni mum of  150 mm 6 i nches f r om penet r at i on) .

] 3. 7. 6   Mul t i pl e Condui t s

Separ at e mul t i pl e condui t s by a mi ni mum di st ance of  75 mm 3 i nches[ ,  
except  t hat  l i ght  and power  condui t s must  be separ at ed f r om cont r ol ,  
s i gnal ,  and t el ephone condui t s by a mi ni mum di st ance of  [ 300]  mm [ 12]  
i nches] .   St agger  t he j oi nt s of  t he condui t s by r ows ( hor i zont al l y)  and 
l ayer s ( ver t i cal l y)  t o st r engt hen t he condui t  assembl y.   Pr ovi de pl ast i c 
duct  spacer s t hat  i nt er l ock ver t i cal l y and hor i zont al l y.   Spacer  assembl y 
must  consi st  of  base spacer s,  i nt er medi at e spacer s,  t i es,  and l ocki ng 
devi ce on t op t o pr ovi de a compl et el y encl osed and l ocked- i n condui t  
assembl y.   I nst al l  spacer s per  manuf act ur er ' s i nst r uct i ons,  but  pr ovi de a 
mi ni mum of  t wo spacer  assembl i es per  3050 mm 10 f eet  of  condui t  assembl y.

3. 7. 7   Condui t  Pl ugs and Pul l  Rope

Pr ovi de new condui t  i ndi cat ed as bei ng unused or  empt y wi t h pl ugs on each 
end.   Pl ugs must  cont ai n a weephol e or  scr een t o al l ow wat er  dr ai nage.   
Pr ovi de a pl ast i c pul l  r ope havi ng 915 mm 3 f eet  of  s l ack at  each end of  
unused or  empt y condui t s.

3. 7. 8   Condui t  and Duct  Wi t hout  Concr et e Encasement

Dept hs t o t op of  t he condui t  must  be not  l ess t han 610 mm 24 i nches bel ow 
f i ni shed gr ade.   Pr ovi de not  l ess t han 75 mm 3 i nches cl ear ance f r om t he 
condui t  t o each si de of  t he t r ench.   Gr ade bot t om of  t r ench smoot h;  wher e 
r ock,  sof t  spot s,  or  shar p- edged mat er i al s ar e encount er ed,  excavat e t he 
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bot t om f or  an addi t i onal  75 mm 3 i nches,  f i l l  and t amp l evel  wi t h or i gi nal  
bot t om wi t h sand or  ear t h f r ee f r om par t i c l es,  t hat  woul d be r et ai ned on a 
6. 25 mm 1/ 4 i nch si eve.  The f i r st  150 mm 6 i nch l ayer  of  backf i l l  cover  
must  be sand compact ed as pr evi ousl y speci f i ed.   The r est  of  t he 
excavat i on must  be backf i l l ed and compact ed i n 75 t o 150 mm 3 t o 6 i nch 
l ayer s.  Pr ovi de col or ,  t ype and dept h of  war ni ng t ape as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.

3. 7. 8. 1   Encasement  Under  Roads and St r uct ur es

Under  r oads,  paved ar eas,  and r ai l r oad t r acks,  i nst al l  condui t s i n 
concr et e encasement  of  r ect angul ar  cr oss- sect i on pr ovi di ng a mi ni mum of  75 
mm 3 i nch concr et e cover  ar ound duct s.   Ext end concr et e encasement  at  l east
 1525 mm 5 f eet  beyond t he edges of  paved ar eas and r oads,  and 3660 mm 12 
f eet  beyond t he r ai l s on each si de of  r ai l r oad t r acks.   Dept hs t o t op of  
t he concr et e envel ope must  be not  l ess t han 610 mm 24 i nches bel ow 
f i ni shed gr ade[ ,  and under  r ai l r oad t r acks not  l ess t han 1270 mm 50 i nches 
bel ow t he t op of  t he r ai l s] .  

[ 3. 7. 8. 2   Di r ect i onal  Bor i ng

HDPE condui t s must  be i nst al l ed bel ow t he f r ost l i ne and as speci f i ed 
her ei n.

[ For  di st r i but i on vol t ages gr eat er  t han 1000 vol t s and l ess t han 34, 500 
vol t s,  dept hs t o t he t op of  t he condui t  must  not  be l ess t han 1220 mm 48 
i nches i n pavement - cover ed ar eas and not  l ess t han  3050 mm 120 i nches i n 
non- pavement - cover ed ar eas. ] [   For  di st r i but i on vol t ages l ess t han 1000 
vol t s,  dept hs t o t he t op of  t he condui t  must  not  be l ess t han 1220 mm 48 
i nches i n pavement -  or  non- pavement - cover ed ar eas. ] [   For  br anch ci r cui t  
wi r i ng l ess t han 600 vol t s,  dept hs t o t he t op of  t he condui t  must  not  be 
l ess t han 610 mm 24 i nches i n pavement -  or  non- pavement - cover ed ar eas. ]

] 3. 7. 9   Duct  Encased i n Concr et e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  t hi s par agr aph t o compl y wi t h pr oj ect  
r equi r ement s concer ni ng t ype of  st r uct ur e or  duct ,  
st r engt h of  concr et e,  concr et e mi x,  met al  
accessor i es,  and excavat i ng and gr adi ng.  I ndi cat e 
speci al  r ei nf or ci ng wher e r equi r ed,  par t i cul ar l y 
wi t h duct  banks of  non- r ect angul ar  cr oss- sect i on,  
and f or  duct banks under  r oad cr ossi ngs,  r ai l r oad 
cr ossi ngs and ai r f i el d pavi ng cr ossi ngs.   
Rei nf or ci ng shoul d ext end at  l east  1. 5 m 5 f eet  
beyond t he edge of  pavement  or  r ai l r oad t r acks.

Medi um vol t age cabl es and campus di st r i but i on cabl es 
of  t el ecommuni cat i ons backbone di st r i but i on syst em 
must  be i n duct  encased i n concr et e,  unl ess 
ot her wi se r equi r ed by l ocal  Act i v i t y.   Cont act  l ocal  
t el ephone company,  wher e appl i cabl e,  concer ni ng si ze 
of  s i gnal  manhol es and number  and t ype of  s i gnal  
duct  r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de st eel  r ei nf or ci ng per  t he f ol l owi ng 
t abl e:
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COVER UNREI NFORCED REI NFORCED*

>450 mm 18 i n and <
1220 mm 48 i n

Undevel oped ar eas. Tr ansi t i on f r om 
good t o poor  soi l  
condi t i ons wher e 
di f f er ent i al  
set t l ement  i s 
ant i c i pat ed.

>610 mm 24 i n and <
1220 mm 48 i n

Roads/ paved ar eas 
f or  l i ght  t o 
moder at e t r af f i c 
l oads.

Ot her  r oads/ paved 
ar eas ( i . e.  
suppor t i ng t r ucks,  
cr anes,  
ul t r a- heavy l oads. )

>1220 mm 48 i n Al l  duct banks 
( except  as not ed) .

Under  r ai l r oad 
t r acks.
Tr ansi t i on f r om 
good t o poor  soi l  
condi t i ons wher e 
di f f er ent i al  
set t l ement  i s 
ant i c i pat ed.

*   Use mi ni mum r ei nf or cement  of  4 #13 #4 w/  #10 #3 
t i es at  915 mm 3 f eet  o/ c f or  duct banks 760 mm 30 
i nches or  l ess wi de.
*   Use mi ni mum r ei nf or cement  of  6 #13 #4 w/  #10 #3 
t i es at  915 mm 3 f eet  o/ c f or  duct banks gr eat er  t han 
760 mm 30 i nches wi de.
*   Consul t  wi t h st r uct ur al  or  geot echni cal  engi neer  
f or  assi st ance.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Const r uct  under gr ound duct  l i nes of  i ndi v i dual  condui t s encased i n 
concr et e.   Dept hs t o t op of  t he concr et e envel ope must  be not  l ess t han 
450 mm 18 i nches bel ow f i ni shed gr ade[ ,  except  under  r oads and pavement ,  
concr et e envel ope must  be not  l ess t han 610 mm 24 i nches bel ow f i ni shed 
gr ade] [ ,  and under  r ai l r oad t r acks not  l ess t han 1270 mm 50 i nches bel ow 
t he t op of  t he r ai l s] .   Do not  mi x di f f er ent  k i nds of  condui t  i n any one 
duct  bank.   Concr et e encasement  sur r oundi ng t he bank must  be r ect angul ar  
i n cr oss- sect i on and pr ovi de at  l east  75 mm 3 i nches of  concr et e cover  f or  
duct s.   Separ at e condui t s by a mi ni mum concr et e t hi ckness of  75 mm 3 i nches.   
Bef or e pour i ng concr et e,  anchor  duct  bank assembl i es,  pr event  f l oat i ng 
dur i ng concr et e pour i ng by dr i v i ng r ei nf or ci ng r ods adj acent  t o duct  
spacer  assembl i es and at t achi ng t he r ods t o t he spacer  assembl y. [   Pr ovi de 
st eel  r ei nf or ci ng i n t he concr et e envel ope as i ndi cat ed. ] [   Pr ovi de col or ,  
t ype and dept h of  war ni ng t ape as speci f i ed i n Sect i on 31 00 00 EARTHWORK. ]
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3. 7. 9. 1   Connect i ons t o Manhol es

Duct  bank envel opes connect i ng t o under gr ound st r uct ur es must  be f l ar ed t o 
have enl ar ged cr oss- sect i on at  t he manhol e ent r ance t o pr ovi de addi t i onal  
shear  st r engt h.   Di mensi ons of  t he f l ar ed cr oss- sect i on must  be l ar ger  
t han t he cor r espondi ng manhol e openi ng di mensi ons by no l ess t han 300 mm 
12 i nches i n each di r ect i on.   Per i met er  of  t he duct  bank openi ng i n t he 
under gr ound st r uct ur e must  be f l ar ed t owar d t he i nsi de or  keyed t o pr ovi de 
a posi t i ve i nt er l ock bet ween t he duct  bank and t he wal l  of  t he st r uct ur e.   
Use vi br at or s when t hi s por t i on of  t he encasement  i s pour ed t o assur e a 
seal  bet ween t he envel ope and t he wal l  of  t he st r uct ur e.

3. 7. 9. 2   Connect i ons t o Exi st i ng Under gr ound St r uct ur es

For  duct  bank connect i ons t o exi st i ng st r uct ur es,  br eak t he st r uct ur e wal l  
out  t o t he di mensi ons r equi r ed and pr eser ve st eel  i n t he st r uct ur e wal l .  
Cut  st eel  and [ ext end i nt o] [ bend out  t o t i e i nt o t he r ei nf or ci ng of ]  t he 
duct  bank envel ope.   Chi p t he per i met er  sur f ace of  t he duct  bank openi ng 
t o f or m a key or  f l ar ed sur f ace,  pr ovi di ng a posi t i ve connect i on wi t h t he 
duct  bank envel ope.

3. 7. 9. 3   Connect i ons t o Exi st i ng Concr et e Pads

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose second br acket ed opt i on wher e exi st i ng 
concr et e i s r ei nf or ced.  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

For  duct  bank connect i ons t o concr et e pads,  br eak an openi ng i n t he pad 
out  t o t he di mensi ons r equi r ed and pr eser ve st eel  i n pad.   Cut  t he st eel  
and [ ext end i nt o] [ bend out  t o t i e i nt o t he r ei nf or ci ng of ]  t he duct  bank 
envel ope.   Chi p out  t he openi ng i n t he pad t o f or m a key f or  t he duct  bank 
envel ope.

3. 7. 9. 4   Connect i ons t o Exi st i ng Duct s

Wher e connect i ons t o exi st i ng duct  banks ar e i ndi cat ed,  excavat e t he banks 
t o t he maxi mum dept h necessar y.   Cut  of f  t he banks and r emove l oose 
concr et e f r om t he condui t s bef or e new concr et e- encased duct s ar e 
i nst al l ed.   Pr ovi de a r ei nf or ced concr et e col l ar ,  pour ed monol i t hi cal l y 
wi t h t he new duct  bank,  t o t ake t he shear  at  t he j oi nt  of  t he duct  
banks. [   Remove exi st i ng cabl es whi ch const i t ut e i nt er f er ence wi t h t he 
wor k. ] [   Abandon i n pl ace t hose no l onger  used duct s and cabl es whi ch do 
not  i nt er f er e wi t h t he wor k. ]

3. 7. 9. 5   Par t i al l y  Compl et ed Duct  Banks

Dur i ng const r uct i on wher ever  a const r uct i on j oi nt  i s  necessar y i n a duct  
bank,  pr event  debr i s such as mud,  and,  and di r t  f r om ent er i ng duct s by 
pr ovi di ng sui t abl e condui t  pl ugs.   Fi t  concr et e envel ope of  a par t i al l y  
compl et ed duct  bank wi t h r ei nf or ci ng st eel  ext endi ng a mi ni mum of  610 mm 2 
f eet  back i nt o t he envel ope and a mi ni mum of  610 mm 2 f eet  beyond t he end 
of  t he envel ope.   Pr ovi de one No.  4 bar  i n each cor ner ,  75 mm 3 i nches 
f r om t he edge of  t he envel ope.   Secur e cor ner  bar s wi t h t wo No.  3 t i es,  
spaced appr oxi mat el y 305 mm one f oot  apar t .   Rest r ai n r ei nf or ci ng assembl y 
f r om movi ng dur i ng concr et e pour i ng.
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[ 3. 7. 9. 6   Removal  of  Duct s

Wher e duct  l i nes ar e r emoved f r om exi st i ng under gr ound st r uct ur es,  c l ose 
t he openi ngs t o wat er pr oof  t he st r uct ur e.   Chi p out  t he wal l  openi ng t o 
pr ovi de a key f or  t he new sect i on of  wal l .

] 3. 7. 10   Duct  Seal i ng

Seal  al l  el ect r i cal  penet r at i ons f or  r adon mi t i gat i on,  mai nt ai ni ng 
i nt egr i t y of  t he vapor  bar r i er ,  and t o pr event  i nf i l t r at i on of  ai r ,  
i nsect s,  and ver mi n.

3. 8   CABLE PULLI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  Navy pr oj ect s,  choose br acket ed i t em f or  
t ape shi el di ng and coor di nat e wi t h Par t  2 PRODUCTS.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Test  exi st i ng duct  l i nes wi t h a mandr el  and t hor oughl y swab out  t o r emove 
f or ei gn mat er i al  bef or e pul l i ng cabl es.   ] Pul l  cabl es down gr ade wi t h t he 
f eed- i n poi nt  at  t he manhol e or  bui l di ngs of  t he hi ghest  el evat i on.   Use 
f l exi bl e cabl e f eeds t o convey cabl es t hr ough manhol e openi ng and i nt o 
duct  r uns.   Do not  exceed t he speci f i ed cabl e bendi ng r adi i  when 
i nst al l i ng cabl e under  any condi t i ons,  i ncl udi ng t ur nups i nt o swi t ches,  
t r ansf or mer s,  swi t chgear ,  swi t chboar ds,  and ot her  encl osur es.   Cabl e wi t h[  
t ape] [  or ] [  wi r e]  shi el d must  have a bendi ng r adi us not  l ess t han 12 t i mes 
t he over al l  di amet er  of  t he compl et ed cabl e.   I f  basket - gr i p t ype 
cabl e- pul l i ng devi ces ar e used t o pul l  cabl e i n pl ace,  cut  of f  t he sect i on 
of  cabl e under  t he gr i p bef or e spl i c i ng and t er mi nat i ng.

3. 8. 1   Cabl e Lubr i cant s

Use l ubr i cant s t hat  ar e speci f i cal l y r ecommended by t he cabl e manuf act ur er  
f or  assi st i ng i n pul l i ng j acket ed cabl es.

3. 9   CABLES I N UNDERGROUND STRUCTURES

Do not  i nst al l  cabl es ut i l i z i ng t he shor t est  pat h bet ween penet r at i ons,  
but  r out e al ong t hose wal l s pr ovi di ng t he l ongest  r out e and t he maxi mum 
spar e cabl e l engt hs.  For m cabl es t o c l osel y par al l el  wal l s,  not  t o 
i nt er f er e wi t h duct  ent r ances,  and suppor t  on br acket s and cabl e 
i nsul at or s.   Suppor t  cabl e spl i ces i n under gr ound st r uct ur es by r acks on 
each si de of  t he spl i ce.   Locat e spl i ces t o pr event  cycl i c bendi ng i n t he 
spl i ced sheat h.   I nst al l  cabl es at  mi ddl e and bot t om of  cabl e r acks,  
l eavi ng t op space open f or  f ut ur e cabl es,  except  as ot her wi se i ndi cat ed 
f or  exi st i ng i nst al l at i ons.   Pr ovi de one spar e t hr ee- i nsul at or  r ack ar m 
f or  each cabl e r ack i n each under gr ound st r uct ur e.

3. 9. 1   Cabl e Tag I nst al l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   On cont r act s wher e exi st i ng cabl es ar e 
r eci r cui t ed speci al  at t ent i on shoul d be gi ven t o 
changi ng exi st i ng cabl e i dent i f i cat i on t ags i n each 
manhol e t o r ef l ect  new ci r cui t  number s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I nst al l  cabl e t ags i n each manhol e as speci f i ed,  i ncl udi ng each spl i ce.   
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Tag wi r e and cabl e pr ovi ded by t hi s cont r act .   I nst al l  cabl e t ags over  t he 
f i r epr oof i ng,  i f  any,  and l ocat e t he t ags so t hat  t hey ar e c l ear l y v i s i bl e 
wi t hout  di st ur bi ng any cabl i ng or  wi r i ng i n t he manhol es.

3. 10   CONDUCTORS I NSTALLED I N PARALLEL

Gr oup conduct or s such t hat  each condui t  of  a par al l el  r un cont ai ns one 
Phase A conduct or ,  one Phase B conduct or ,  one Phase C conduct or ,  and one 
neut r al  conduct or .

3. 11   LOW VOLTAGE CABLE SPLI CI NG AND TERMI NATI NG

Make t er mi nat i ons and spl i ces wi t h mat er i al s and met hods as i ndi cat ed or  
speci f i ed her ei n and as desi gnat ed by t he wr i t t en i nst r uct i ons of  t he 
manuf act ur er .   Do not  al l ow t he cabl es t o be moved unt i l  af t er  t he 
spl i c i ng mat er i al  has compl et el y set . [   Make spl i ces i n under gr ound 
di st r i but i on syst ems onl y i n accessi bl e l ocat i ons such as manhol es,  
handhol es,  or  abovegr ound t er mi nat i on pedest al s. ]

[ 3. 11. 1   Ter mi nat i ng Al umi num Conduct or s

a.   Use par t i cul ar  car e i n maki ng up j oi nt s and t er mi nat i ons.   Remove 
sur f ace oxi des by c l eani ng wi t h a wi r e br ush or  emer y c l ot h.   Appl y 
j oi nt  compound t o conduct or s,  and use UL- l i st ed sol i d al umi num 
connect or s f or  connect i ng al umi num conduct or s.   When connect i ng 
al umi num t o copper  conduct or s,  use connect or s speci f i cal l y desi gned 
f or  t hi s pur pose.

b.   Ter mi nat e al umi num conduct or s t o copper  bus ei t her  by:   ( 1)  i n l i ne 
spl i c i ng a copper  pi gt ai l  t o t he al umi num conduct or  ( copper  pi gt ai l  
must  have a ampaci t y at  l east  t hat  of  t he al umi num conduct or ) ;  or  ( 2)  
usi ng a c i r cumf er ent i al  compr essi on t ype,  al umi num bodi ed t er mi nal  l ug 
UL l i s t ed f or  AL/ CU and st eel  Bel l evi l l e spr i ng washer s,  f l at  washer s,  
bol t s,  and nut s.   Bel l evi l l e spr i ng washer s must  be cadmi um- pl at ed 
har dened st eel .   I nst al l  t he Bel l evi l l e spr i ng washer s wi t h t he cr own 
up t owar d t he nut  or  bol t  head,  wi t h t he concave si de of  t he 
Bel l evi l l e bear i ng on a heavy- dut y,  wi de ser i es f l at  washer  of  l ar ger  
di amet er  t han t he Bel l evi l l e.   Ti ght en nut s suf f i c i ent  t o f l at t en 
Bel l evi l l e and l eave i n t hat  posi t i on.   Lubr i cat e har dwar e wi t h j oi nt  
compound pr i or  t o maki ng connect i on.   Wi r e br ush and appl y j oi nt  
compound t o conduct or  pr i or  t o i nser t i ng i n l ug.

c.   Ter mi nat e al umi num conduct or s t o al umi num bus by usi ng al l - al umi num 
nut s,  bol t s,  washer s,  and l ugs.   Wi r e br ush and appl y i nhi bi t i ng 
compound t o conduct or  pr i or  t o i nser t i ng i n l ug.   Lubr i cat e har dwar e 
wi t h j oi nt  compound pr i or  t o maki ng connect i on;  i f  bus cont act  sur f ace 
i s unpl at ed,  scr at ch- br ush and coat  wi t h j oi nt  compound ( wi t hout  gr i t ) .

] 3. 12   MEDI UM VOLTAGE CABLE TERMI NATI ONS

Make t er mi nat i ons i n accor dance wi t h t he wr i t t en i nst r uct i on of  t he  
t er mi nat i on k i t  manuf act ur er .

3. 13   MEDI UM VOLTAGE CABLE JOI NTS

Pr ovi de power  cabl e j oi nt s ( spl i ces)  sui t abl e f or  cont i nuous i mmer si on i n 
wat er .   Make j oi nt s onl y i n accessi bl e l ocat i ons i n manhol es or  handhol es 
by usi ng mat er i al s and met hods i n accor dance wi t h t he wr i t t en i nst r uct i ons 
of  t he j oi nt  k i t  manuf act ur er .
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3. 13. 1   Joi nt s i n Shi el ded Cabl es

Cover  t he j oi ned ar ea wi t h met al l i c  t ape,  or  mat er i al  l i ke t he or i gi nal  
cabl e shi el d and connect  i t  t o t he cabl e shi el d on each si de of  t he 
spl i ce.   Pr ovi de a bar e copper  gr ound connect i on br ought  out  i n a 
wat er t i ght  manner  and gr ounded t o t he manhol e gr oundi ng l oop as par t  of  
t he spl i ce i nst al l at i on.   Gr ound conduct or s,  connect i ons,  and r ods must  be 
as speci f i ed el sewher e i n t hi s sect i on.   Wi r e must  be t r ai ned t o t he s i des 
of  t he encl osur e t o pr event  i nt er f er ence wi t h t he wor ki ng ar ea.

[ 3. 13. 2   Joi nt s i n Ar mor ed Cabl es

Encl ose ar mor ed cabl e j oi nt s i n compound- f i l l ed,  cast - i r on or  al l oy spl i ce 
boxes equi pped wi t h st uf f i ng boxes and ar mor  c l amps of  a sui t abl e t ype and 
si ze f or  t he cabl e bei ng i nst al l ed.

] 3. 14   CABLE END CAPS

Cabl e ends must  be seal ed at  al l  t i mes wi t h coat ed heat  shr i nkabl e end 
caps.   Cabl es ends must  be seal ed when t he cabl e i s del i ver ed t o t he j ob 
s i t e,  whi l e t he cabl e i s st or ed and dur i ng i nst al l at i on of  t he cabl e.   The 
caps must  r emai n i n pl ace unt i l  t he cabl e i s spl i ced or  t er mi nat ed.   
Seal i ng compounds and t ape ar e not  accept abl e subst i t ut es f or  heat  
shr i nkabl e end caps.   Cabl e whi ch i s not  seal ed i n t he speci f i ed manner  at  
al l  t i mes wi l l  be r ej ect ed.

[ 3. 15   LI VE END CAPS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li ve end caps ar e onl y r equi r ed when cabl e i s 
r equi r ed t o r emai n unt er mi nat ed,  but  ener gi zed.   
Li ve end cap l ocat i ons must  be i ndi cat ed on t he 
dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de l i ve end caps f or  s i ngl e conduct or  medi um vol t age cabl es wher e 
i ndi cat ed.

] 3. 16   FI REPROOFI NG OF CABLES I N UNDERGROUND STRUCTURES

Fi r epr oof  ( ar c pr oof )  wi r e and cabl es whi ch wi l l  car r y cur r ent  at  2200 
vol t s or  mor e i n under gr ound st r uct ur es.

3. 16. 1   Fi r epr oof i ng Tape

Ti ght l y wr ap st r i ps of  f i r epr oof i ng t ape ar ound each cabl e spi r al l y i n 
hal f - l apped wr appi ng.   I nst al l  t ape i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

[ 3. 16. 2   Tape- Wr ap

Tape- wr ap  met al l i c- sheat hed or  met al l i c  ar mor ed cabl es wi t hout  a 
nonmet al l i c  pr ot ect i ve cover i ng over  t he sheat h or  ar mor  pr i or  t o 
appl i cat i on of  f i r epr oof i ng.   Wr ap must  be i n t he f or m of  t wo t i ght l y 
appl i ed hal f - l apped l ayer s of  a pr essur e- sensi t i ve 0. 254 mm 10 mi l  t hi ck 
pl ast i c t ape,  and must  ext end not  l ess t han 25 mm one i nch i nt o t he duct .   
Even out  i r r egul ar i t i es of  t he cabl e,  such as at  spl i ces,  wi t h i nsul at i on 
put t y bef or e appl y i ng t ape.
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] 3. 17   GROUNDI NG SYSTEMS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne t he gr oundi ng r equi r ement s f or  each 
pr oj ect .   Show al l  necessar y gr ound r ods and gr ound 
r i ngs on t he dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NFPA 70 and I EEE C2,  except  pr ovi de gr oundi ng syst ems wi t h a r esi st ance t o 
sol i d ear t h gr ound not  exceedi ng [ 25] [ _____]  ohms.

3. 17. 1   Gr oundi ng El ect r odes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  I nvest i gat e t he soi l  r esi st i v i t y dur i ng t he 
pr el i mi nar y desi gn phase t o det er mi ne t he desi gn 
r equi r ed t o ensur e t hat  t he gr oundi ng val ues ar e 
obt ai ned.   For  ar eas wher e t he wat er  t abl e i s l ow or  
t he soi l  r esi st i v i t y i s hi gh ( such as vol cani c 
soi l s,  sand,  or  r ock) ,  del et e t he addi t i onal  
el ect r ode pr ovi s i ons and pr ovi de a desi gn t o meet  
t he s i t e r equi r ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de cone poi nt ed dr i ven gr ound r ods dr i ven f ul l  dept h pl us[  150 mm 6 
i nches] [  300 mm 12 i nches] ,  i nst al l ed t o pr ovi de an ear t h gr ound of  t he 
appr opr i at e val ue f or  t he par t i cul ar  equi pment  bei ng gr ounded.
I f  t he speci f i ed gr ound r esi st ance i s not  met ,  pr ovi de an addi t i onal  
gr ound r od i n accor dance wi t h t he r equi r ement s of  NFPA 70 ( pl aced not  l ess 
t han 6 f eet  f r om t he f i r st  r od) .   Shoul d t he r esul t ant  ( combi ned)  
r esi st ance exceed t he speci f i ed r esi st ance,  measur ed not  l ess t han 48 
hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  i mmedi at el y.

3. 17. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  by exot her mi c wel d or  compr essi on connect or .

a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.

b.   Make compr essi on connect i ons usi ng a hydr aul i c compr essi on t ool  t o 
pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   Tool s and di es must  be 
as r ecommended by t he manuf act ur er .   An embossi ng di e code or  ot her  
st andar d met hod must  pr ovi de vi s i bl e i ndi cat i on t hat  a connect or  has 
been adequat el y compr essed on t he gr ound wi r e.

3. 17. 3   Gr oundi ng Conduct or s

Pr ovi de bar e gr oundi ng conduct or s,  except  wher e i nst al l ed i n condui t  wi t h 
associ at ed phase conduct or s.   Gr ound cabl e sheat hs,  cabl e shi el ds,  
condui t ,  and equi pment  wi t h No.  6 AWG.  Gr ound ot her  noncur r ent - car r y i ng 
met al  par t s and equi pment  f r ames of  met al - encl osed equi pment .   Gr ound 
met al l i c  f r ames and cover s of  handhol es and pul l  boxes wi t h a br ai ded,  
copper  gr ound st r ap wi t h equi val ent  ampaci t y of  No.  6 AWG. [   Pr ovi de 
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di r ect  connect i ons t o t he gr oundi ng conduct or  wi t h 600 v i nsul at ed,  
f ul l - s i ze conduct or  f or  each gr ounded neut r al  of  each f eeder  c i r cui t ,  
whi ch i s spl i ced wi t hi n t he manhol e. ]

3. 17. 4   Gr ound Cabl e Cr ossi ng Expansi on Joi nt s

Pr ot ect  gr ound cabl es cr ossi ng expansi on j oi nt s or  s i mi l ar  separ at i ons i n 
st r uct ur es and pavement s by use of  appr oved devi ces or  met hods of  
i nst al l at i on whi ch pr ovi de t he necessar y s l ack i n t he cabl e acr oss t he 
j oi nt  t o per mi t  movement .   Use st r anded or  ot her  appr oved f l exi bl e copper  
cabl e acr oss such separ at i ons.

3. 17. 5   Manhol e Gr oundi ng

Loop a 4/ 0 AWG gr oundi ng conduct or  ar ound t he i nt er i or  per i met er ,  
appr oxi mat el y 305 mm 12 i nches above f i ni shed f l oor .   Secur e t he conduct or  
t o t he manhol e wal l s at  i nt er val s not  exceedi ng 914 mm 36 i nches.   Connect  
t he conduct or  t o t he manhol e gr oundi ng el ect r ode wi t h 4/ 0 AWG conduct or .   
Connect  al l  i ncomi ng 4/ 0 gr oundi ng conduct or s t o t he gr ound l oop adj acent  
t o t he poi nt  of  ent r y i nt o t he manhol e.   Bond t he gr ound l oop t o al l  cabl e 
shi el ds,  met al  cabl e r acks,  and ot her  met al  equi pment  wi t h a mi ni mum 6 AWG 
conduct or .

[ 3. 17. 6   Fence Gr oundi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t hi s par agr aph onl y when f ence i s 
r equi r ed t o be gr ounded i n accor dance wi t h I EEE C2,  
NFPA 70,  or  ot her  r equi r ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Pr ovi de gr oundi ng f or  f ences as i ndi cat ed. ] [ Pr ovi de gr oundi ng f or  f ences 
wi t h a gr ound r od at  each f i xed gat e post  and at  each cor ner  post . ]   Dr i ve 
gr ound r ods unt i l  t he t op i s 305 mm 12 i nches bel ow gr ade.   At t ach a No.  4 
AWG copper  conduct or ,  by exot her mi c wel d t o t he gr ound r ods and ext end 
under gr ound t o t he i mmedi at e v i c i ni t y of  f ence post .   Lace t he conduct or  
ver t i cal l y i nt o 305 mm 12 i nches of  f ence mesh and f ast en by t wo appr oved 
br onze compr essi on f i t t i ngs,  one t o bond wi r e t o post  and t he ot her  t o 
bond wi r e t o f ence.   Bond each gat e sect i on t o i t s gat epost  by a 3 by 25 mm
 1/ 8 by one i nch f l exi bl e br ai ded copper  st r ap and gr ound post  c l amps.   
Cl amps must  be of  t he ant i - el ect r ol ysi s t ype.

] [ 3. 17. 7   Met al  Spl i ce Case Gr oundi ng

Gr ound met al  spl i ce cases f or  medi um- vol t age di r ect - bur i al  cabl e by 
connect i on t o a dr i ven gr ound r od l ocat ed wi t hi n 600 mm 2 f eet  of  each 
spl i ce box usi ng a gr oundi ng el ect r ode conduct or  havi ng a cur r ent - car r y i ng 
capaci t y of  at  l east  20 per cent  of  t he i ndi v i dual  phase conduct or s i n t he 
associ at ed spl i ce box,  but  not  l ess t han No.  6 AWG.

] 3. 18   EXCAVATI NG,  BACKFI LLI NG,  AND COMPACTI NG

Pr ovi de i n accor dance wi t h NFPA 70 and Sect i on 31 00 00 EARTHWORK.

3. 18. 1   Recondi t i oni ng of  Sur f aces

3. 18. 1. 1   Unpaved Sur f aces

Rest or e t o t hei r  or i gi nal  el evat i on and condi t i on unpaved sur f aces 
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di st ur bed dur i ng i nst al l at i on of  duct  [ or  di r ect  bur i al  cabl e] .   Pr eser ve 
sod and t opsoi l  r emoved dur i ng excavat i on and r ei nst al l  af t er  backf i l l i ng 
i s compl et ed.   Repl ace sod t hat  i s damaged by sod of  qual i t y equal  t o t hat  
r emoved.   When t he sur f ace i s di st ur bed i n a newl y seeded ar ea,  r e- seed 
t he r est or ed sur f ace wi t h t he same quant i t y and f or mul a of  seed as t hat  
used i n t he or i gi nal  seedi ng,  and pr ovi de t opsoi l i ng,  f er t i l i z i ng,  l i mi ng,  
seedi ng,  soddi ng,  spr i ggi ng,  or  mul chi ng. [   Pr ovi de wor k i n accor dance 
wi t h Sect i on 32 92 19 SEEDI NG and Sect i on 32 93 00 EXTERI OR PLANTS. ]

3. 18. 1. 2   Pavi ng Repai r s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e pavi ng r epai r s ar e a ver y mi nor  par t  of  
pr oj ect ,  t he f i r st  br acket ed par agr aph may be used;  
ot her wi se,  use t he second br acket ed par agr aph and 
i ncl ude ot her  sect i ons as needed ( al so i ncl ude 
necessar y cut t i ng and pat chi ng det ai l s on t he 
dr awi ngs. )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  appr opr i at e Sect i on number  and t i t l e 
i n t he bl ank bel ow.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Wher e t r enches,  pi t s,  or  ot her  excavat i ons ar e made i n exi st i ng r oadways 
and ot her  ar eas of  pavement  wher e sur f ace t r eat ment  of  any k i nd exi st s [ ,  
r est or e such sur f ace t r eat ment  or  pavement  t he same t hi ckness and i n t he 
same ki nd as pr evi ousl y exi st ed,  except  as ot her wi se speci f i ed,  and t o 
mat ch and t i e i nt o t he adj acent  and sur r oundi ng exi st i ng sur f aces. ] [   Make 
r epai r s as speci f i ed i n Sect i on [ 32 13 13. 06 PORTLAND CEMENT CONCRETE 
PAVEMENT FOR ROADS AND SI TE FACI LI TI ES] [ _____] . ]

3. 19   CAST- I N- PLACE CONCRETE

Pr ovi de concr et e i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.

3. 19. 1   Concr et e Sl abs ( Pads)  f or  Equi pment

Unl ess ot her wi se i ndi cat ed,  t he s l ab must  be at  l east  200 mm 8 i nches 
t hi ck,  r ei nf or ced wi t h a 152 mm by 152 mm -  MW19 by MW19 ( 6 by 6 -  W2. 9 by 
W2. 9)  6 by 6 -  W2. 9 by W2. 9 mesh,  pl aced uni f or ml y 100 mm 4 i nches f r om 
t he t op of  t he s l ab.   Pl ace sl ab on a 150 mm 6 i nch t hi ck,  wel l - compact ed 
gr avel  base.   Top of  concr et e s l ab must  be appr oxi mat el y 100 mm 4 i nches 
above f i ni shed gr ade wi t h gr adual  s l ope f or  dr ai nage.   Edges above gr ade 
must  have 15 mm 1/ 2 i nch chamf er .   Sl ab must  be of  adequat e s i ze t o 
pr oj ect  at  l east  200 mm 8 i nches beyond t he equi pment .

St ub up condui t s,  wi t h bushi ngs,  50 mm 2 i nches i nt o cabl e wel l s i n t he 
concr et e pad.   Coor di nat e di mensi ons of  cabl e wel l s wi t h t r ansf or mer  cabl e 
t r ai ni ng ar eas.

[ 3. 19. 2   Seal i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Requi r e seal i ng of  hol es ( wi ndows)  i n t he 
concr et e pad i f  r odent  i nt r usi on i s a pr obl em.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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When t he i nst al l at i on i s compl et e,  seal  al l  condui t  and ot her  ent r i es i nt o 
t he equi pment  encl osur e wi t h an appr oved seal i ng compound.   Seal s must  be 
of  suf f i c i ent  st r engt h and dur abi l i t y  t o pr ot ect  al l  ener gi zed l i ve par t s 
of  t he equi pment  f r om r odent s,  i nsect s,  or  ot her  f or ei gn mat t er .

] 3. 20   FI ELD QUALI TY CONTROL

3. 20. 1   Per f or mance of  Fi el d Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 20. 1. 1   Medi um Vol t age Cabl es

Per f or m t est s af t er  i nst al l at i on of  cabl e,  spl i ces,  and t er mi nat or s and 
bef or e t er mi nat i ng t o equi pment  or  spl i c i ng t o exi st i ng c i r cui t s.

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  exposed cabl e sect i ons f or  physi cal  damage.

( 2)  Ver i f y t hat  cabl e i s suppl i ed and connect ed i n accor dance wi t h 
cont r act  pl ans and speci f i cat i ons.

( 3)  I nspect  f or  pr oper  shi el d gr oundi ng,  cabl e suppor t ,  and cabl e 
t er mi nat i on.

( 4)  Ver i f y t hat  cabl e bends ar e not  l ess t han I CEA or  manuf act ur er ' s 
mi ni mum al l owabl e bendi ng r adi us.

( 5)  I nspect  f or  pr oper  f i r epr oof i ng.

( 6)  Vi sual l y i nspect  j acket  and i nsul at i on condi t i on.

( 7)  I nspect  f or  pr oper  phase i dent i f i cat i on and ar r angement .

b.   El ect r i cal  Test s

( 1)  Per f or m a shi el d cont i nui t y t est  on each power  cabl e by ohmmet er  
met hod.   Recor d ohmi c val ue,  r esi st ance val ues i n excess of  10 
ohms per  1000 f eet  of  cabl e must  be i nvest i gat ed and j ust i f i ed.

( 2)  Per f or m accept ance t est  on new cabl es bef or e t he new cabl es ar e 
connect ed t o exi st i ng cabl es and pl aced i nt o ser vi ce,  i ncl udi ng 
t er mi nat i ons and j oi nt s.   Per f or m mai nt enance t est  on compl et e 
cabl e syst em af t er  t he new cabl es ar e connect ed t o exi st i ng cabl es 
and pl aced i nt o ser vi ce,  i ncl udi ng exi st i ng cabl e,  t er mi nat i ons,  
and j oi nt s.   Test s must  be ver y l ow f r equency ( VLF)  al t er nat i ng 
vol t age wi t hst and t est s i n accor dance wi t h I EEE 400. 2.   VLF t est  
f r equency must  be 0. 05 Hz mi ni mum f or  a dur at i on of  60 mi nut es 
usi ng a s i nusoi dal  wavef or m.   Test  vol t ages must  be as f ol l ows:
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CABLE RATI NG AC TEST VOLTAGE f or
ACCEPTANCE TESTI NG

5 kV 10kV r ms( peak)

8 kV 13kV r ms( peak)

15 kV 20kV r ms( peak)

25 kV 31kV r ms( peak)

35 kV 44kV r ms( peak)

CABLE RATI NG AC TEST VOLTAGE f or
MAI NTENANCE TESTI NG

5 kV 7kV r ms( peak)

8 kV 10kV r ms( peak)

15 kV 16kV r ms( peak)

25 kV 23kV r ms( peak)

35 kV 33kV r ms( peak)

3. 20. 1. 2   Low Vol t age Cabl es,  600- Vol t

Per f or m t est s af t er  i nst al l at i on of  cabl e,  spl i ces and t er mi nat i ons and 
bef or e t er mi nat i ng t o equi pment  or  spl i c i ng t o exi st i ng c i r cui t s.

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  exposed cabl e sect i ons f or  physi cal  damage.

( 2)  Ver i f y t hat  cabl e i s suppl i ed and connect ed i n accor dance wi t h 
cont r act  pl ans and speci f i cat i ons.

( 3)  Ver i f y t i ght ness of  accessi bl e bol t ed el ect r i cal  connect i ons.

( 4)  I nspect  compr essi on- appl i ed connect or s f or  cor r ect  cabl e mat ch and 
i ndent at i on.

( 5)  Vi sual l y i nspect  j acket  and i nsul at i on condi t i on.

( 6)  I nspect  f or  pr oper  phase i dent i f i cat i on and ar r angement .

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on r esi st ance t est s on wi r i ng No.  6 AWG and l ar ger  
di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  appr oxi mat el y 
1000 vol t s dc f or  one mi nut e.

( 2)  Per f or m cont i nui t y t est s t o i nsur e cor r ect  cabl e connect i on.
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3. 20. 1. 3   Gr oundi ng Syst em

a.   Vi sual  and mechani cal  i nspect i on

I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

b.   El ect r i cal  t est s

Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he f al l - of - pot ent i al  
met hod i n accor dance wi t h I EEE 81.   On syst ems consi st i ng of  
i nt er connect ed gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e 
compl et e.   On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s 
bef or e any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y 
weat her ,  not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
r esi st ance t est er  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons t o 
t est  each gr ound or  gr oup of  gr ounds.   The i nst r ument  must  be equi pped 
wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons t her eof  t o i ndi cat e 
t he gr ound val ue of  t he gr ound r od or  gr oundi ng syst ems under  t est .   
Pr ovi de si t e di agr am i ndi cat i ng l ocat i on of  t est  pr obes wi t h 
associ at ed di st ances,  and pr ovi de a pl ot  of  r esi st ance vs.  di st ance.

3. 20. 2   Fol l ow- Up Ver i f i cat i on

Upon compl et i on of  accept ance checks and t est s,  show by demonst r at i on i n 
ser vi ce t hat  c i r cui t s and devi ces ar e i n good oper at i ng condi t i on and 
pr oper l y per f or mi ng t he i nt ended f unct i on.   As an except i on t o 
r equi r ement s st at ed el sewher e i n t he cont r act ,  t he Cont r act i ng Of f i cer  
must  be gi ven 5 wor ki ng days advance not i ce of  t he dat es and t i mes of  
checki ng and t est i ng.

. . . .     - -  End of  Sect i on - -

SECTI ON 33 71 02  Page 56


