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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  i nsul at ed wi r e and cabl e f or  use on 
hydr aul i c st r uct ur es,  except  f or  wi r e and cabl e f or  
speci al  appl i cat i ons,  such as l ow- l evel  c i r cui t s f or  
anal og s i gnal s,  dat a and super vi sor y cont r ol ,  
communi cat i on and t el emet er i ng syst ems.   
Speci f i cat i on of  wi r e and cabl e f or  speci al  
appl i cat i ons may be f ound i n ot her  t echni cal  gui de 
speci f i cat i ons f or  t he syst em t o whi ch t he wi r e and 
cabl e wi l l  be appl i ed.   Ot her wi se,  t he desi gner  must  
devel op and wr i t e speci f i cat i ons l i s t i ng t he sal i ent  
char act er i st i cs f or  t he basi s of  desi gn of  t he 
speci al  wi r e and cabl e needed.

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 
present.

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) .

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

PART 1   GENERAL

**************************************************************************
NOTE:   Pr ocur ement  document s,  i nc l udi ng 
speci f i cat i ons,  pl ans,  and wi r e t abl es,  shoul d be 
pr epar ed t o i ncl ude r el evant  por t i ons of  t he 
i nf or mat i on checkl i st s st at ed bel ow.   The f i r st  
l i s t ,  " Char act er i st i cs of  Syst ems on Whi ch Cabl e I s 
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To Be Used, "  woul d be appl i cabl e wher e i nsul at ed 
wi r e and cabl e ar e t o be pr ocur ed v i a a const r uct i on 
cont r act ,  par t i cul ar l y wher e t he Cont r act or  i s  
expect ed t o deci de det ai l s  such as wi r e s i ze,  et c.   
I t  may be used i n a suppl y cont r act  f or  t hose 
pur chases wher e al l  t he char act er i st i cs ar e known i n 
advance such t hat  t hey can be speci f i ed i n det ai l .   
The i t ems of  t he second l i s t ,  " Quant i t i es and 
Descr i pt i on of  Cabl e, "  ar e cover ed i n gener al  i n 
t hese gui de speci f i cat i ons,  and shoul d be appl i cabl e 
when pr ocur i ng i nsul at ed wi r e and cabl e v i a suppl y 
or  const r uct i on cont r act s.   These i t ems shoul d be 
ver i f i ed or  speci f i ed i n t he l evel  of  det ai l  needed 
f or  each par t i cul ar  case.

1) .   Char act er i s t i cs of  Syst ems on Whi ch Cabl e I s To 
Be Used.

a.  Nor mal  oper at i ng vol t age bet ween conduct or s.
b.  Fr equency.
c.  Number  of  phases & conduct or s.
d.  Cabl e i nsul at i on l evel  [ 100 per cent ] [ 133 per cent ]  
or  [ 173 per cent ] .

( NOTE f or  char act er i st i c  d.  onl y:   600 Vol t  AC l ow 
vol t age cabl es t ypi cal l y  do not  r equi r e i n- ser vi ce 
vol t age st r ess consi der at i on and r equi r e onl y 100 
Per cent  I nsul at i on Level .  However ,  t her e may be some 
speci al  appl i cat i ons f or  cabl es r at ed 2, 000 Vol t s 
and l ess wher e t he desi gner  must  consi der  t he 
i n- ser vi ce vol t age st r ess,  det er mi ne and i nser t  t he 
pr oper  i nsul at i on l evel  i nt o t hi s  speci f i cat i on 
sect i on.   Ref er  t o ANSI / NEMA WC 70 f or  addi t i onal  
descr i pt i ons r egar di ng " I nsul at i on Level s"  f or  wi r e 
and cabl es r at ed 2, 000 Vol t s and bel ow.

The i n- ser vi ce vol t age st r ess must  be consi der ed and 
speci f i ed f or  wi r e and cabl es r at ed 2, 001 Vol t s t o 
5, 000 Vol t s.   The desi gner  must  consi der  t he 
i n- ser vi ce vol t age st r ess,  det er mi ne and i nser t  t he 
pr oper  i nsul at i on l evel  i nt o t hi s  speci f i cat i ons 
sect i on.   Ref er  t o ANSI / ANSI / NEMA WC 71/ I CEA 
S- 96- 659 f or  addi t i onal  descr i pt i ons r egar di ng 
" I nsul at i on Level s. "  f or  wi r e and cabl es r at ed 2, 001 
Vol t s t o 5, 000 Vol t s.

The i n- ser vi ce vol t age st r ess must  be consi der ed and 
speci f i ed f or  wi r e and cabl es r at ed 5, 001 Vol t s and 
above.   The desi gner  must  consi der  t he i n- ser vi ce 
vol t age st r ess,  det er mi ne and i nser t  t he pr oper  
i nsul at i on l evel  i nt o t hi s speci f i cat i ons sect i on.   
Ref er  t o NEMA WC 74/ I CEA S- 93- 639 f or  addi t i onal  
descr i pt i ons r egar di ng " I nsul at i on Level s. "  f or  wi r e 
and cabl es r at ed 5, 000 Vol t s t o 46, 000 Vol t s. " )

e.  Mi ni mum and maxi mum t emper at ur es at  whi ch cabl e 
i s expect ed t o be oper at ed.
f .  Descr i pt i on of  i nst al l at i on.
  1. I n cabl e t r ays.
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  2. I n duct s.
  3. Ot her .
g.  Condi t i ons of  i nst al l at i on.
  1. Ambi ent  t emper at ur e.
  2. Wet  or  dr y l ocat i on.
  3. Number  of  l oaded cabl es i n cabl e t r ays,  duct  
bank,  or  condui t .   I f  i n condui t ,  pr ovi de t ype of  
condui t  ( met al l i c  or  non- met al l i c) ,  number  of  l oaded 
ci r cui t s,  whet her  condui t  i s  encl osed or  r un 
exposed,  and spaci ng bet ween condui t s.
  4. Load f act or .
  5. Met hod of  bondi ng and gr oundi ng of  met al l i c  
cover i ngs ( i ncl udi ng shi el ds) .
  6. Chemi cal  exposur e.

2) .   Quant i t i es and Descr i pt i on of  Cabl e.

a.  Tot al  number  of  met er s f eet ,  i ncl udi ng l engt hs 
f or  cust omer  t est i ng,  and l engt hs i f  speci f i c  
l engt hs ar e r equi r ed.
b.  Type of  cabl e.   Descr i be as s i ngl e- conduct or ,  
t wo- conduct or ,  et c.
c.  Rat ed c i r cui t  vol t age,  phase t o phase.
d.  Type of  conduct or s -  copper  or  al umi num.
e.  Si ze of  conduct or s -  AWG or  c i r cul ar  mi cr omet er s 
( mi l s) .   I f  condi t i ons r equi r e ot her  t han st andar d 
st r andi ng,  a compl et e descr i pt i on shoul d be gi ven.
f .  Gr ade of  i nsul at i on.
g.  Thi ckness of  i nsul at i on,  i n mi cr omet er s mi l s.
h.  Type of  out er  cover i ng.
i .  Maxi mum al l owabl e over al l  di amet er ,  i n mm i nches.   
When duct  space i s not  l i mi t ed,  i t  i s  not  wi se t o 
r est r i c t  t he over al l  di amet er .
j .  Met hod of  conduct or  i dent i f i cat i on.

I n maki ng wi r i ng l ayout s f or  t hose i nst al l at i ons 
usi ng mul t i pl e- conduct or  cabl es,  car e shoul d be 
t aken t o avoi d t he use of  assembl i es not  nor mal l y 
st ocked by manuf act ur er s,  or  of  smal l  quant i t i es 
whi ch wi l l  not  come wi t hi n t he manuf act ur er s '  
mi ni mum pr i c i ng schedul es.   I n gener al ,  unl ess ver y 
l ar ge quant i t i es ar e i nvol ved,  l ower  over al l  cabl e 
cost s can be ef f ect ed by usi ng manuf act ur er s '  
st andar d assembl i es,  even t hough mor e conduct or s 
t han r equi r ed ar e pr ovi ded,  i nst ead of  a cabl e 
r equi r i ng a speci al  set up.   Shor t  l engt hs may be 
el i mi nat ed by subst i t ut i ng cabl es whi ch wi l l  have 
suf f i c i ent  quant i t y t o obt ai n t he manuf act ur er s '  
mi ni mum pr i ce.   Subst i t ut i on may consi st  of  a l ar ger  
number  of  conduct or s t han r equi r ed,  or  a combi nat i on 
of  assembl i es of  a smal l er  number  of  conduct or s.   
The most  economi cal  cabl e schedul e f or  any 
par t i cul ar  i nst al l at i on can be obt ai ned onl y by 
car ef ul  st udy of  al l  f act or s i nvol ved,  par t i cul ar l y 
i ncr eased condui t  cost s.

**************************************************************************
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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 s i 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.

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

I EEE 1202 ( 2006;  R 2012;  CORR 1 2012)  
Fl ame- Pr opagat i on Test i ng of  Wi r e and Cabl e

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

I CEA S- 58- 679 ( 2014)  Cont r ol ,  I nst r ument at i on and 
Ther mocoupl e Ext ensi on Conduct or  
Identification

I CEA T- 30- 520 ( 1986)  Conduct i ng Ver t i cal  Cabl e Tr ay 
Fl ame Test s wi t h Theor et i cal  Heat  I nput  
Rat e of  70, 000 B. T. U. / Hour

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA WC 71/ I CEA S- 96- 659 ( 2014)  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 WC 26 ( 2008)  Bi nat i onal  Wi r e and Cabl e Packagi ng 
Standard

NEMA WC 57 ( 2014)  St andar d f or  Cont r ol ,  Ther mocoupl e 
Ext ensi on,  and I nst r ument at i on Cabl es

NEMA WC 70 ( 2009)  Power  Cabl e Rat ed 2000 V or  Less 
f or  t he Di st r i but i on of  El ect r i cal  
Energy--S95-658

NEMA WC 74/ I CEA S- 93- 639 ( 2012)  5- 46 kV Shi el ded Power  Cabl e f or  
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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 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14)  Nat i onal  El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 1685 ( 2015)  UL St andar d f or  Saf et y 
Ver t i cal - Tr ay Fi r e- Pr opagat i on and 
Smoke- Rel ease Test  f or  El ect r i cal  and 
Opt i cal - Fi ber  Cabl es

UL 2556 ( 2015)  UL St andar d f or  Saf et y Wi r e and 
Cabl e Test  Met hods

UL 44 ( 2018)  Ther moset - I nsul at ed Wi r es and Cabl es

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

1. 2   SUBMITTALS

**************************************************************************
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  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 
desi gnat 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  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on 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 c t  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 c t  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,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
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r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA 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"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat 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 al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   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- 03 Pr oduct  Dat a

Wi r e and Cabl e;  G[ ,  [ ____] ]

Conduct or s;  G[ ,  [ ____] ]

Cabl e Manuf act ur i ng Dat a

SD- 06 Test  Repor t s

Test  Repor t ( s) ,  I nspect i on Repor t ( s) ,  and Ver i f i cat i on Repor t ( s) ;  G
[ ,  [ _____] ]

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Fur ni sh cabl es on r eel s or  coi l s .   Each cabl e and t he out s i de of  each r eel  
or  coi l ,  must  be pl ai nl y mar ked or  t agged t o i ndi cat e t he cabl e l engt h,  
vol t age r at i ng,  conduct or  s i ze,  and manuf act ur er ' s  l ot  number  and r eel  
number .   Each coi l  or  r eel  of  cabl e must  cont ai n onl y one cont i nuous cabl e 
wi t hout  spl i ces.   Cabl es f or  excl usi vel y dc appl i cat i ons,  as speci f i ed i n 
par agr aph " Hi gh- Vol t age Test  Sour ce, "  must  be i dent i f i ed as such.   Shi el ded 
cabl es r at ed 2, 001 vol t s and above must  be r eel ed and mar ked i n accor dance 
with NEMA WC 26,  as appl i cabl e.   Reel s must  r emai n t he pr oper t y of  t he 
[ Cont r act or ]  [ Gover nment ] .

1. 4   PROJECT/ SI TE CONDI TI ONS

**************************************************************************
NOTE:   Use t hi s par agr aph t o descr i be unusual  
envi r onment s,  such as t emper at ur e ext r emes,  chemi cal  
exposur e,  et c.

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

[_____]

PART 2   PRODUCTS

2. 1   MATERIALS

**************************************************************************
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NOTE:   Var i at i ons f r om t hese speci f i cat i ons may be 
appr opr i at e i n some cases.   I n addi t i on t o 
i ncr easi ng r at ed c i r cui t  vol t age wher e l ar ge 
over vol t ages coul d occur ,  mat er i al  s i zes and 
st r engt hs shoul d be coor di nat ed t o wi t hst and any 
pul l i ng f or ces whi ch wi l l  be appl i ed.   The l ower  
st r engt h of  EPR,  even j acket ed,  may at  t i mes 
pr ecl ude t he use of  t hi s mat er i al  f or  l ong pul l s.   
I f  var i at i ons ar e r equest ed by a Cont r act or ,  t hey 
shoul d onl y be appr oved i f  t he saf et y and i nt egr i t y 
of  conser vat i vel y desi gned ci r cui t s ar e not  
compr omi sed.   The use of  pol yvi ny l  chl or i de ( PVC)  
i nsul at i on or  j acket  mat er i al  i s  not  per mi t t ed.

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

2. 1. 1   Wi r e Tabl e

**************************************************************************
NOTE:   An exampl e t ypi cal  wi r e t abl e and a For mat  
Templ at e f or  a Wi r e Tabl e ar e l ocat ed at  t he end of  
t hi s Sect i on.   Use t hi s par agr aph and For mat  
Templ at e,  i f  i t emi zed char act er i s t i cs f or  each 
appl i cat i on ar e t o be t abul at ed.

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

Fur ni sh wi r e and cabl e i n accor dance wi t h t he r equi r ement s of  t he [ wi r e 
t abl e bel ow]  [ wi r e t abl e appended t o t hese speci f i cat i ons] ,  conf or mi ng t o 
t he det ai l ed r equi r ement s speci f i ed her ei n.

2. 1. 2   Rat ed Ci r cui t  Vol t ages

Al l  power  wi r e and cabl e must  have mi ni mum r at ed c i r cui t  vol t ages i n 
accor dance wi t h NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.   Power  wi r e and cabl e f or  c i r cui t  
vol t ages r at ed 0- 600 vol t s must  be r at ed not  l ess t han 600 vol t s.   Cont r ol  
wi r e and cabl e must  have mi ni mum r at ed c i r cui t  vol t ages i n accor dance wi t h 
NEMA WC 57,  but  must  be r at ed 600 vol t s i f  r out ed i n r aceway wi t h ot her  
conduct or s t hat  ar e r at ed 600 vol t s.

2. 1. 3   Conductors

**************************************************************************
NOTE:   " El ect r i cal  conduct or s and cabl es must  not  
pr opagat e f l ame and must  be r at ed as such by passi ng 
or  bei ng capabl e of  passi ng one or  mor e of  t he 
f ol l owi ng appl i cabl e t est s.   

Al l  el ect r i cal  cabl e assembl i es ( mul t i pl e- conduct or  
and si ngl e- conduct or )  must  pass,  or  be capabl e of  
passi ng ei t her  t he ver t i cal  cabl e t r ay f l ame t est s 
r equi r ed by I CEA T- 30- 520 ( as st at ed i n,  but  not  
r ef er r ed t o by NEMA WC 70) ,  t he ver t i cal  t r ay f l ame 
pr opagat i on t est  r equi r ement s of  UL 1685 and I EEE 
St d.  1202,  t he wi r e and cabl e bur ni ng 
char act er i st i cs t est  of  t he UL 2556 VW- 1 Test ,  or  
( f or  cont r ol  cabl es onl y)  t he f l ame t est  as r equi r ed 
by NEMA WC 57.  ( The f l ame t est i ng r equi r ement  was 
pr evi ousl y r est r i c t ed t o cabl e t r ay appl i cat i ons.   
I t  i s  ext ended t o al l  uses f or  gr eat er  saf et y,  s i nce 
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f l ame- r esi st ant  cabl es ar e now avai l abl e f r om many 
manufacturers.)

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

2. 1. 3. 1   Mat er i al  f or  Conduct or s

**************************************************************************
NOTE:  I f  al umi num i s t o be speci f i ed f or  any of  t he 
wi r e pur chased,  r evi se t he par agr aphs accor di ngl y.  

Conduct or s f or  wi r e and cabl e may be al umi num or  
copper .  Al umi num conduct or s may be consi der ed f or  
use i n accor dance wi t h NFPA 70,  Ar t i c l e 310. 106.   
When used,  al umi num conduct or  mat er i al  must  be 
AA- 8000 ser i es el ect r i cal  gr ade al umi num al l oy.   The 
desi gner  must  consi der  sever al  f act or s when deci di ng 
t o use al umi num i nst ead of  copper  i ncl udi ng 
compar i sons of  el ect r i cal  pr oper t i es,  mechani cal  
pr oper t i es,  envi r onment al  pr oper t i es speci f i c  t o t he 
i nt ended i nst al l at i on,  r el i abi l i t y ,  and cost .   
Speci f i cat i ons f or  wi r e and cabl e may be wr i t t en t o 
per mi t  ei t her  al umi num or  copper  conduct or s wher e 
al umi num i s sui t abl e f or  t he appl i cat i on,  sui t abl y 
r el i abl e,  and i s  det er mi ned t o be mor e economi cal  
t han copper .  

Al umi num conduct or s shoul d be per mi t t ed onl y wher e 
cost  compar i sons show an over al l  savi ngs and af t er  a 
car ef ul  eval uat i on of  t he cor r osi on pr obl ems
associ at ed wi t h t hei r  use.  They shoul d onl y be 
al l owed wher e i nst al l er s ar e qual i f i ed t o make 
r el i abl e connect i ons wi t h t hem.  Pr oper  wi r e and 
cabl e connect or s must  be sui t abl y r at ed f or  
i nst al l at i on wi t h t he conduct or  mat er i al  t o whi ch 
t hey ar e appl i ed.  Wi r e and cabl e connect or s used 
wi t h al umi num conduct or s must  be sui t abl y r at ed,  
t er mi nat i on must  be pr epar ed cor r ect l y,  and an 
ant i oxi dant  must  be appl i ed when t he connect or  i s  
i nst al l ed.  Cost s shoul d be compar ed t o bet ween al l  
per t i nent  i t ems such as i nst al l at i on,  condui t ,  t r ay,  
t unnel  and duct  banks,  l i f et i me cost s of  ener gy 
l osses i f  s i gni f i cant ,  and di f f er ences i n 
vent i l at i on needs i f  l osses ar e eval uat ed.  
Conduct or s shoul d have t he r equi r ed cur r ent  car r y i ng 
capaci t i es,  t he r equi r ed shor t  c i r cui t  capaci t i es,  
and shoul d be sat i sf act or y wi t h r espect  t o vol t age 
dr op.  Al umi num conduct or s shoul d be s i zed t o have 
equal  or  l ess r esi st ance t han t he al t er nat e copper  
conduct or s unl ess t he t ot al  cost  compar i son,  
i ncl udi ng l osses,  shows a net  advant age ot her wi se.  
I n such cases wher e t he engi neer i ng cost s t o 
pr oper l y compar e t he use of  t he t wo mat er i al s wi l l  
exceed any possi bl e savi ngs t o be
achi eved by al umi num,  t he ar bi t r ar y choi ce of  copper  
may be t he best  pol i cy.

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

Conduct or s must  conf or m t o al l  t he appl i cabl e r equi r ement s of  NEMA WC 57, 
NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as 
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appl i cabl e.   Copper  conduct or s must  be anneal ed copper  mat er i al  and t hey 
may be bar e,  or  t i n-  or  l ead- al l oy- coat ed,  i f  r equi r ed by t he t ype of  
i nsul at i on used.   [ Al umi num conduct or s must  be Type AA- 8000 al umi num 
conduct or s.   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. 1. 3. 2   Size

Mi ni mum wi r e s i ze must  be No.  12 AWG f or  power  and l i ght i ng c i r cui t s;  No.  
10 AWG f or  cur r ent  t r ansf or mer  secondar y c i r cui t s;  No.  14 AWG f or  pot ent i al  
t r ansf or mer ,  r el ayi ng,  and cont r ol  c i r cui t s;  No.  16 AWG f or  annunci at or  
c i r cui t s;  and No.  19 AWG f or  al ar m ci r cui t s.   Mi ni mum wi r e s i zes f or  r at ed 
c i r cui t  vol t ages of  2, 001 vol t s and above must  not  be l ess t han t hose 
l i s t ed f or  t he appl i cabl e vol t age i n ANSI / NEMA WC 71/ I CEA S- 96- 659 or  
NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 1. 3. 3   Stranding

Conduct or  st r andi ng c l asses c i t ed her ei n must  be as def i ned f or  cont r ol  
conduct or s i n NEMA WC 57 or  as def i ned f or  0- 2, 000 vol t s power  conduct or s 
in NEMA WC 70,  as appl i cabl e.   Li ght i ng conduct or s No.  10 AWG and smal l er  
must  be sol i d or  have Cl ass B st r andi ng.  Any conduct or s used bet ween 
st at i onar y and movi ng devi ces,  such as hi nged door s or  panel s,  must  have 
Cl ass H or  K st r andi ng.  Al l  ot her  conduct or s must  have Cl ass B or  C 
st r andi ng,  except  t hat  conduct or s as shown,  or  i n t he schedul e,  as No.  12 
AWG may be 19 st r ands of  No.  25 AWG,  and conduct or s shown as No.  10 AWG may 
be 19 st r ands of  No.  22 AWG.  Conduct or  st r andi ng c l asses f or  c i r cui t  
vol t ages 2, 001 vol t s and above must  be as def i ned i n 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 1. 3. 4   Conduct or  Shi el di ng

Use conduct or  shi el di ng conf or mi ng t o NEMA WC 57 f or  cont r ol  wi r e and cabl e 
as appl i cabl e.   Use conduct or  shi el di ng conf or mi ng t o 
ANSI / NEMA WC 71/ I CEA S- 96- 659 or  NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e,  
on power  cabl es havi ng a r at ed c i r cui t  vol t age above 2, 000 vol t s.

2. 1. 3. 5   Separ at or  Tape

Wher e conduct or  shi el di ng,  st r and f i l l i ng,  or  ot her  speci al  conduct or  
t r eat ment  i s  not  r equi r ed,  a separ at or  t ape bet ween conduct or  and 
i nsul at i on i s per mi t t ed.

2. 1. 4   Insulation

2. 1. 4. 1   I nsul at i on Mat er i al

**************************************************************************
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  cr i t er i a or  an 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 
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.  

The i nsul at i on compounds speci f i ed her ei n ar e of  t he 
t her mopl ast i c and t her moset t i ng t ype.  Ther mopl ast i c 
i nsul at i on t ypes such as THHN,  THWN,  and THWN- 2 must  
meet  t he r equi r ement s of  UL 83 and i s t ypi cal  f or  
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ci r cui t  vol t age r at i ngs of  600 vol t s.   Ther moset t i ng 
i nsul at i on t ype opt i ons i ncl ude cr oss- l i nked 
t her moset t i ng pol yet hyl ene ( XLPE)  and 
et hyl ene- pr opyl ene r ubber  ( EPR)  whi ch must  meet  t he 
r equi r ement s of  UL 44.  These t wo mat er i al s al one ar e 
wi del y avai l abl e and can be sat i s f act or i l y  
compounded t o meet  t he r equi r ement s of  a 
conser vat i ve cabl e desi gn f or  l ong and r el i abl e 
ser vi ce.  Cr oss- l i nked t her moset t i ng pol yet hyl ene 
i nsul at i on t ypes i ncl ude XHHW and RHW.  XHHW t ype 
i nsul at i on pr ovi des good t her mal  expansi on and 
cont r act i on char act er i st i cs appl i cabl e f or  power  and 
cont r ol  conduct or s wi t h c i r cui t  vol t age r at i ngs of  
2, 000 vol t s or  l ess i n i nst al l at i ons exposed t o 
l ar ge t emper at ur e changes or  i nst al l ed out door s 
subj ect  t o weat her  cycl es f r om hot  summer  t o col d 
wi nt er  t emper at ur es.   XLPE i s appl i cabl e f or  al l  
c i r cui t  vol t age r at i ngs.   EPR i s appl i cabl e t o wi r e 
and cabl e f or  c i r cui t  vol t ages r at ed gr eat er  t han 
2, 000 vol t s.   The i nsul at i on gr ades per mi t t ed must  
be sui t abl e f or  ser vi ce i n wet  or  dr y l ocat i ons at  
90 C.  Thi s speci f i cat i on does not  al l ow t he use of  
" t r ay cabl e"  meet i ng onl y t he mi ni mum r equi r ement s 
of  t he Nat i onal  El ect r i cal  Code or  Under wr i t er s 
Labor at or i es,  whi ch per mi t  a 75 C wet  r at i ng.  
Jacket s ar e al so t her moset t i ng,  except  cer t ai n 
t her mopl ast i c compounds ar e per mi t t ed f or  use bel ow 
601 vol t s,  as def i ned i n par agr aph JACKET MATERI AL,  
subpar agr aph ACCESSI BLE USE ONLY,  2, 000 VOLTS OR 
LESS,  i n cases wher e access f or  cabl e i nst al l at i on 
and r emoval  woul d not  be a pr obl em.

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

Unl ess speci f i 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] .   I nsul at i on f or  
cont r ol  wi r e and cabl e must  meet  t he r equi r ement s of  NEMA WC 57.   
I nsul at i on r equi r ement s f or  wi r e and cabl e r at ed l ess t han 2, 000 vol t s must  
meet  t he r equi r ement s of  NEMA WC 70.   I nsul at i on r equi r ement s f or  wi r e and 
cabl e r at ed 2, 001- 5, 000 vol t s must  meet  t he r equi r ement s of  
ANSI / NEMA WC 71/ I CEA S- 96- 659.  I nsul at i on r equi r ement s f or  wi r e and cabl e 
r at ed 5, 001 vol t s and gr eat er  must  meet  t he r equi r ement s of  
NEMA WC 74/ I CEA S- 93- 639.

For  shi el ded cabl es of  r at ed c i r cui t  vol t ages above 2, 000 vol t s,  t he 
f ol l owi ng pr ovi s i ons must  al so appl y:

a.   XLPE,  i f  used,  must  be t r ee- r et ar dant .

b.   I nsul at i on must  be chemi cal l y  bonded t o conduct or  shi el di ng.

c.   The i nsul at i on mat er i al  and i t s manuf act ur i ng,  handl i ng,  ext r usi on and 
vul cani z i ng pr ocesses must  al l  be subj ect  t o st r i c t  pr ocedur es t o 
pr event  t he i ncl usi on of  voi ds,  cont ami nat i on,  or  ot her  i r r egul ar i t i es 
on or  i n t he i nsul at i on.   I nsul at i on mat er i al  must  be i nspect ed f or  
voi ds and cont ami nant s.  

d.   Cabl es wi t h r epai r ed i nsul at i on def ect s di scover ed dur i ng f act or y 
t est i ng,  or  wi t h spl i ces or  i nsul at i on j oi nt s,  ar e pr ohi bi t ed [ unl ess 
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speci f i cal l y  appr oved] .

2. 1. 4. 2   I nsul at i on Thi ckness

**************************************************************************
NOTE:   The r at ed c i r cui t  vol t age of  t he i nsul at i on 
shoul d be speci f i ed t o be 600 vol t s f or  al l  c i r cui t s 
oper at i ng bel ow 601 vol t s.   Hi gher  r at ed c i r cui t  
vol t ages may be r equi r ed by some appl i cat i ons wi t hi n 
t hi s r ange,  such as cont r ol  c i r cui t s cont ai ni ng 
l ar ge dc sol enoi ds used i n ol der  c i r cui t  br eaker s.   
Speci f i cat i ons shoul d t hen be r evi sed t o r equi r e 
1, 000-  or  2, 000- vol t  i nsul at i on i n such cases f or  
mul t i pl e-  or  s i ngl e- conduct or  cabl es,  r espect i vel y.   
Bel ow 48 vol t s,  600- vol t  i nsul at i on can be used,  but  
t hese ar e speci al  appl i cat i ons t hat  ar e best  
consi der ed i n l i ght  of  t he par t i cul ar  
c i r cumst ances.   For  exampl e,  many pr opr i et ar y 
det ect i on syst ems and pr ogr ammabl e cont r ol l er  
appl i cat i ons t ypi cal l y  use 24- vol t ,  l ow- power  
c i r cui t s,  f or  whi ch l ower  r at ed c i r cui t  vol t ages may 
be appr opr i at e.   These speci f i cat i ons al so cover  
r at ed c i r cui t  vol t ages f or  syst ems oper at i ng above 
600 vol t s.

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

The i nsul at i on t hi ckness f or  each conduct or  must  be based on i t s r at ed 
c i r cui t  vol t age.

2. 1. 4. 2. 1   Power  Cabl es,  2, 000 Vol t s and Bel ow

The i nsul at i on t hi ckness f or  s i ngl e- conduct or  and mul t i pl e- conduct or  power  
cabl es r at ed 2, 000 vol t s and bel ow must  be as r equi r ed by NEMA WC 70,  as 
appl i cabl e.  Some t hi cknesses of  NEMA WC 70 wi l l  be per mi t t ed onl y f or  
s i ngl e- conduct or  cr oss- l i nked t her moset t i ng pol yet hyl ene i nsul at ed cabl es 
wi t hout  a j acket .   NEMA WC 70 et hyl ene- pr opyl ene r ubber - i nsul at ed 
conduct or s must  have a j acket .

2. 1. 4. 2. 2   Power  Cabl es,  Rat ed 2, 001 Vol t s and Above

Thi ckness of  i nsul at i on f or  power  cabl es r at ed 2, 001 vol t s and above must  
be i n accor dance wi t h t he f ol l owi ng

a.   Non- shi el ded cabl es,  2, 001 t o 5, 000 vol t s,  must  compl y wi t h 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  as appl i cabl e.

b.   Shi el ded cabl es r at ed 5, 000 vol t s t o 46, 000 vol t s must  compl y wi t h 
NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 1. 4. 2. 3   Si ngl e- Conduct or  and Mul t i pl e- Conduct or  Cont r ol  Cabl es

The i nsul at i on t hi ckness of  cont r ol  conduct or  s i zes 22 AWG t o 10 AWG used 
f or  cont r ol  and r el at ed pur poses must  be as r equi r ed by NEMA WC 57,  as 
appl i cabl e.  Cont r ol  conduct or s l ar ger  t han 10 AWG must  be as r equi r ed by 
NEMA WC 70.

2. 1. 4. 3   I nsul at i on Shi el di ng

Unl ess ot her wi se speci f i ed,  pr ovi de i nsul at i on shi el di ng f or  conduct or s 
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havi ng r at ed c i r cui t  vol t ages of  2, 001 vol t s and above.   The vol t age l i mi t s 
above whi ch i nsul at i on shi el di ng i s r equi r ed,  and t he mat er i al  
r equi r ement s,  ar e gi ven i n ANSI / NEMA WC 71/ I CEA S- 96- 659 or  
NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.   The mat er i al ,  i f  t her moset t i ng,  
must  meet  t he waf er  boi l  t est  r equi r ement s as descr i bed i n 
ANSI / NEMA WC 71/ I CEA S- 96- 659 or  NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.   
The met hod of  shi el di ng must  be i n accor dance wi t h t he cur r ent  pr act i ce of  
t he i ndust r y;  however ,  t he appl i cat i on pr ocess must  i ncl ude st r i c t  
pr ecaut i ons t o pr event  voi ds or  cont ami nat i on bet ween t he i nsul at i on and 
t he nonmet al l i c  component .   Voi ds,  pr ot r usi ons,  and i ndent at i ons of  t he 
shi el d must  not  exceed t he maxi mum al l owances speci f i ed i n 
ANSI / NEMA WC 71/ I CEA S- 96- 659 or  NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.   
The cabl e must  be capabl e of  oper at i ng wi t hout  damage or  excessi ve 
t emper at ur e when t he shi el d i s gr ounded at  bot h ends of  each conduct or .   
Al l  component s of  t he shi el di ng syst em must  r emai n t i ght l y appl i ed t o t he 
component s t hey encl ose af t er  handl i ng and i nst al l at i on i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i ons.   Shi el di ng syst ems whi ch r equi r e heat  
t o r emove ar e pr ohi bi t ed unl ess speci f i cal l y  appr oved.

2. 1. 5   Jackets

Al l  cabl es must  have j acket s meet i ng t he r equi r ement s of  NEMA WC 57, 
NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  and NEMA WC 74/ I CEA S- 93- 639,  as 
appl i cabl e,  and as speci f i ed her ei n.   I ndi v i dual  conduct or s of  
mul t i pl e- conduct or  cabl es must  be r equi r ed t o have j acket s onl y i f  t hey ar e 
necessar y f or  t he conduct or  t o meet  ot her  speci f i cat i ons her ei n.   Jacket s 
of  s i ngl e- conduct or  cabl es and of  i ndi v i dual  conduct or s of  
mul t i pl e- conduct or  cabl es,  except  f or  shi el ded cabl es,  must  be i n di r ect  
cont act  and adher e or  be vul cani zed t o t he conduct or  i nsul at i on.   
Mul t i pl e- conduct or  cabl es and shi el ded si ngl e- conduct or  cabl es must  be 
pr ovi ded wi t h a common over al l  j acket ,  whi ch must  be t i ght l y and 
concent r i cal l y  f or med ar ound t he cor e.   Repai r ed j acket  def ect s f ound and 
cor r ect ed dur i ng manuf act ur i ng ar e per mi t t ed i f  t he cabl e,  i ncl udi ng 
j acket ,  af t er war d f ul l y  meet s t hese speci f i cat i ons and t he r equi r ement s of  
t he appl i cabl e st andar ds.

2. 1. 5. 1   Jacket  Mat er i al

**************************************************************************
NOTE:  Modi f y t he r est r i c t i on agai nst  PVC Jacket s i f  
t hey wi l l  be per mi t t ed on met al - c l ad cabl es,  i n 
accor dance wi t h par agr aph METAL- CLAD CABLE,  
subpar agr aph JACKETS.

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

The j acket  must  be one of  t he mat er i al s l i s t ed bel ow.   [ Pol yvi nyl  chl or i de 
compounds wi l l  not  be per mi t t ed. ]  [ Var i at i ons f r om t he mat er i al s r equi r ed 
bel ow wi l l  be per mi t t ed onl y i f  appr oved f or  each speci f i c  use,  upon 
submi t t al  of  suf f i c i ent  dat a t o pr ove t hat  t hey exceed al l  speci f i ed 
r equi r ement s f or  t he par t i cul ar  appl i cat i on. ]
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2. 1. 5. 1. 1   Gener al  Use

Heavy- dut y bl ack neopr ene NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
or NEMA WC 74/ I CEA S- 93- 639

Heavy- dut y chl or osul f onat ed pol yet hyl ene NEMA WC 57, NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639

Heavy- dut y cr oss- l i nked ( t her moset )  
chl or i nat ed pol yet hyl ene

NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
or NEMA WC 74/ I CEA S- 93- 639

2. 1. 5. 1. 2   Accessi bl e Use Onl y,  2, 000 Vol t s or  Less

Cabl es i nst al l ed wher e t hey ar e ent i r el y accessi bl e,  such as cabl e t r ays 
and r aceways wi t h r emovabl e cover s,  or  wher e t hey pass t hr ough l ess t han 3 
met er s10 f eet  of  exposed condui t  onl y,  must  have j acket s of  one of  t he 
mat er i al s i n i t em " a.  Gener al  Use"  or  one of  t he f ol l owi ng:

Gener al - pur pose neopr ene NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
or NEMA WC 74/ I CEA S- 93- 639

Bl ack pol yet hyl ene ( MDPE) NEMA WC 57, NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639

Ther mopl ast i c chl or i nat ed pol yet hyl ene NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
or NEMA WC 74/ I CEA S- 93- 639

2. 1. 5. 2   Jacket  Thi ckness

The mi ni mum t hi ckness of  t he j acket s must  be not  l ess t han 80 per cent  of  
t he r espect i ve nomi nal  t hi cknesses speci f i ed bel ow.

2. 1. 5. 2. 1   Mul t i pl e- Conduct or  Cabl es

Thi ckness of  t he j acket s of  t he i ndi v i dual  conduct or s of  mul t i pl e- conduct or  
cabl es must  be as r equi r ed by NEMA WC 57, NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e 
and must  be i n addi t i on t o t he conduct or  i nsul at i on t hi ckness r equi r ed by 
t he appl i cabl e r espect i ve NEMA publ i cat i on f or  t he i nsul at i on used.   
Thi ckness of  t he out er  j acket s and associ at ed cover i ngs of  t he assembl ed 
mul t i pl e- conduct or  cabl es must  be as r equi r ed by NEMA WC 57, NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.

2. 1. 5. 2. 2   Si ngl e- Conduct or  Cabl es

Si ngl e- conduct or  cabl es must  have a j acket  t hi ckness as speci f i ed i n 
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NEMA WC 57, NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.

2. 1. 6   Met al - Cl ad Cabl e

2. 1. 6. 1   General

The met al l i c  cover i ng or  sheat h must  be [ i nt er l ocked met al  t ape]  
[ cont i nuous cor r ugat ed met al ] ,  conf or mi ng t o t he appl i cabl e r equi r ement s of  
NEMA WC 57, NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639.   The t ype of  met al  f or  t he met al l i c  cover i ng must  
be [ gal vani zed st eel ]  [ al umi num]  [ copper ]  [ copper  al l oy] .   I f  t he cover i ng 
i s of  f er r ous met al ,  i t  must  be gal vani zed.   Gr oundi ng conduct or ( s)  
conf or mi ng t o NEMA WC 57, NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e must  be f ur ni shed f or  each 
mul t i pl e- conduct or  met al - c l ad cabl e.   Assembl y and cabl i ng must  be as 
speci f i ed i n par agr aph " Cabl i ng. "   The met al l i c  cover i ng must  be appl i ed 
over  an i nner  j acket  or  f i l l er  t ape.   The cabl e must  be assembl ed so t hat  
t he met al l i c  cover i ng wi l l  be t i ght l y bound over  a f i r m cor e.

2. 1. 6. 2   Jackets

Met al - c l ad cabl es may have a j acket  under  t he ar mor ,  and must  have a j acket  
over  t he ar mor .   Jacket s must  compl y wi t h t he r equi r ement s of  NEMA WC 57, 
NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as 
appl i cabl e.  The out er  j acket  f or  t he met al - c l ad cabl e may be of  pol yvi nyl  
chl or i de ( PVC)  onl y i f  speci f i cal l y  appr oved.

2. 1. 7   Mul t i pl e- Conduct or  Cabl es

Gr oundi ng conduct or ( s)  conf or mi ng t o NEMA WC 57, NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e 
must  be f ur ni shed f or  each mul t i pl e- conduct or  cabl e.   Assembl y and cabl i ng 
must  be as speci f i ed i n par agr aph CABLI NG.

2. 2   CABLE I DENTI FI CATI ON

2. 2. 1   Color-Coding

**************************************************************************
NOTE:  The Cont r ol  wi r e and cabl e col or  code 
pr evi ousl y r ef er r ed t o NEMA WC 70,  however  NEMA 
WC 70 now r ef er s t o I CEA S- 58- 679.   Not e t hat  NEMA 
WC 57 appl i es speci f i cal l y  t o cont r ol  wi r e and cabl e 
i ndust r y st andar ds and al so i ncl udes r ecommendat i ons 
f or  conduct or  col or  codi ng t hat  ar e col or  code 
met hods l i s t ed i n I CEA S- 58- 679.  The cont r ol  cabl e 
col or  code speci f i ed,  al t hough wi del y used by t he 
Cor ps of  Engi neer s,  does not  agr ee wi t h Nat i onal  
El ect r i cal  Code r equi r ement s of  dedi cat ed whi t e 
col or  f or  neut r al  conduct or  i dent i f i cat i on and 
dedi cat ed gr een col or  or  gr een/ yel l ow f or  gr oundi ng 
conduct or  i dent i f i cat i on.  I f  t hi s  i s  r equi r ed,  use 
t he codi ng i n ei t her  Tabl e 2 or  Tabl e 4 i n I CEA 
S-58-679.

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

I nsul at i on of  i ndi v i dual  conduct or s of  mul t i pl e- conduct or  cabl es must  be 
col or - coded i n accor dance wi t h I CEA S- 58- 679,  except  t hat  col or ed br ai ds 
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wi l l  not  be per mi t t ed.   Onl y one col or - code met hod must  be used f or  each 
cabl e const r uct i on t ype.   Cont r ol  cabl e col or - codi ng must  be [ i n accor dance 
with I CEA S- 58- 679,  Met hod [ ____] ]  [ as i ndi cat ed]  [ as f ol l ows:  -  [ _____] ] .  
Power  cabl e col or - codi ng must  be bl ack f or  Phase A,  r ed f or  Phase B,  bl ue 
f or  Phase C,  whi t e f or  gr ounded neut r al ,  and gr een f or  an i nsul at ed 
gr oundi ng conduct or ,  i f  i ncl uded.   [ Ot her  i ndi v i dual  conduct or s must  be 
col or - coded as i ndi cat ed,  but  such col or - codi ng may be accompl i shed by 
appl y i ng col or ed pl ast i c t apes or  col or ed s l eeves at  t er mi nat i ons. ]

2. 2. 2   Shi el ded Cabl es Rat ed 2, 001 Vol t s  and Above

Mar ki ng must  be i n accor dance wi t h ANSI / NEMA WC 71/ I CEA S- 96- 659 or  
NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 2. 3   Cabling

I ndi v i dual  conduct or s of  mul t i pl e- conduct or  cabl es must  be assembl ed wi t h 
f l ame- and moi st ur e- r esi st ant  f i l l er s,  bi nder s,  and a l ay conf or mi ng t o 
NEMA WC 57, NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639.   Fl at  t wi n cabl es ar e pr ohi bi t ed.   Fi l l er s must  
be used i n t he i nt er st i ces of  mul t i pl e- conduct or  r ound cabl es wi t h a common 
cover i ng wher e necessar y t o gi ve t he compl et ed cabl e a subst ant i al l y  
c i r cul ar  cr oss sect i on.   Fi l l er s must  be non- hygr oscopi c mat er i al ,  
compat i bl e wi t h t he cabl e i nsul at i on,  j acket ,  and ot her  component s of  t he 
cabl e.   The r ubber - f i l l ed or  ot her  appr oved t ype of  bi ndi ng t ape must  
consi st  of  a mat er i al  t hat  i s  compat i bl e wi t h t he ot her  component s of  t he 
cabl e and must  be l apped at  l east  10 per cent  of  i t s  wi dt h.

2. 2. 4   Di mensi onal  Tol er ance

The out s i de di amet er s of  s i ngl e- conduct or  cabl es and of  mul t i pl e- conduct or  
cabl es must  not  var y mor e t han 5 per cent  and 10 per cent ,  r espect i vel y,  f r om 
t he manuf act ur er ' s publ i shed cat al og dat a.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON I NSTRUCTI ONS

Submi t  cabl e manuf act ur i ng dat a [ as r equest ed] .   The f ol l owi ng i nf or mat i on 
must  be pr ovi ded by t he cabl e manuf act ur er  f or  each si ze,  conduct or  
quant i t y,  and t ype of  cabl e f ur ni shed:

a.   Mi ni mum bendi ng r adi us,  i n i nches -  For  mul t i pl e- conduct or  cabl es,  t hi s 
i nf or mat i on must  be pr ovi ded f or  bot h t he i ndi v i dual  conduct or s and t he 
mul t i pl e- conduct or  cabl e.

b.   Pul l i ng t ensi on and si dewal l  pr essur e l i mi t s,  i n newt ons pounds.

c.   I nst r uct i ons f or  st r i ppi ng semi conduct i ng i nsul at i on shi el ds,  i f  
f ur ni shed,  wi t h mi ni mum ef f or t  wi t hout  damagi ng t he i nsul at i on.

d.   Upon r equest ,  compat i bi l i t y  of  cabl e mat er i al s  and const r uct i on wi t h 
speci f i c  mat er i al s and har dwar e manuf act ur ed by ot her s must  be st at ed.   
Al so,  i f  r equest ed,  r ecommendat i ons must  be pr ovi ded f or  var i ous cabl e 
oper at i ons,  i ncl udi ng i nst al l i ng,  spl i c i ng,  t er mi nat i ng,  et c.

3. 2   TEST REPORT( S) ,  I NSPECTI ON REPORT( S) ,  AND VERI FI CATI ON REPORT( S)

**************************************************************************
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NOTE:   Cont r act  schedul es shoul d al l ow suf f i c i ent  
t i me f or  an or der l y and t i mel y sequence of  dat a 
submi ssi on,  manuf act ur i ng of  equi pment  and 
mat er i al s,  and del i ver y i n accor dance wi t h t he 
speci f i cat i ons.   However ,  t her e may be occasi ons 
when wi r e and cabl e must  be obt ai ned i n such a shor t  
t i me t hat  compl i ance wi t h t he r equi r ement s of  t hi s  
par agr aph and subpar agr aphs CABLE DATA and 
I NSPECTI ONS AND TESTS,  i s not  pr act i cal .   I n t hose 
cases,  wi r e and cabl e f r om suppl i er s '  st ock may be 
consi der ed f or  appr oval ,  pr ovi ded a manuf act ur er ' s  
cer t i f i cat e i s submi t t ed,  whi ch est abl i shes t o t he 
sat i sf act i on of  t he Cont r act i ng Of f i cer  t hat  t he 
pr oposed wi r e and cabl e,  i dent i f i ed by l ot  number  
and r eel  or  coi l  number ,  meet  t he appl i cabl e 
st andar ds and speci f i cat i ons.   Such devi at i ons 
shoul d be l i mi t ed t o t hose cases i n whi ch a cont r act  
change or  i ncor r ect  est i mat e r equi r es t he 
pr ocur ement  of  cabl e whi ch,  i f  done f ol l owi ng t he 
speci f i ed appr oval  pr ocedur e,  woul d r esul t  i n 
unaccept abl e cont r act  compl et i on dat es.

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

3. 2. 1   Cabl e Dat a

Do not  begi n any wi r e and cabl e f abr i cat i on unt i l  mat er i al s ar e submi t t ed 
and appr oved by t he Cont r act i ng Of f i cer .   Submi t  cabl e dat a f or  appr oval  
i ncl udi ng,  but  not  l i mi t ed t o,  di mensi oned sket ches showi ng cabl e 
const r uct i on and suf f i c i ent  addi t i onal  dat a t o show t hat  wi r e and cabl e 
meet  t he r equi r ement s of  t hi s Sect i on.

3. 2. 2   I nspect i on and Test s

I nspect i on and t est s of  wi r e and cabl e f ur ni shed under  t hese speci f i cat i ons 
must  be made by and at  t he pl ant  of  t he manuf act ur er ,  [ and must  be 
wi t nessed by t he Cont r act i ng Of f i cer ,  unl ess wai ved i n wr i t i ng. ]  [ and t he 
manuf act ur er  must  pr ovi de cer t i f i cat i on and cer t i f i cat i on r epor t s of  
compl et ed i nspect i ons and compl et ed t est s. ]   The Gover nment  may r equi r e or  
per f or m f ur t her  t est s bef or e or  af t er  i nst al l at i on.   Test i ng i n gener al  
must  compl y wi t h NEMA WC 57, NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.   Speci f i c  t est s r equi r ed f or  
par t i cul ar  mat er i al s,  component s,  and compl et ed cabl es must  be as speci f i ed 
i n t he sect i ons of  t he above st andar ds appl i cabl e t o t hose mat er i al s,  
component s,  and cabl e t ypes.   Test s must  al so be per f or med i n accor dance 
wi t h t he addi t i onal  r equi r ement s speci f i ed bel ow.   Submi t  [ _____]  cer t i f i ed 
copi es of  t est  r epor t s.

3. 2. 2. 1   Hi gh- Vol t age Test  Sour ce

Wher e t he appl i cabl e st andar ds al l ow a choi ce,  hi gh- vol t age t est s f or  
cabl es t o be used excl usi vel y on dc c i r cui t s must  be made wi t h dc t est  
vol t ages.   Cabl es t o be used excl usi vel y on ac c i r cui t s must  be t est ed wi t h 
ac t est  vol t ages.   I f  bot h ac and dc wi l l  be pr esent ,  on ei t her  t he same or  
separ at e conduct or s of  t he cabl e,  ac t est  vol t ages must  be used.

3. 2. 2. 2   Shi el ded Cabl es Rat ed 2, 001 Vol t s or  Gr eat er

The f ol l owi ng t est ( s)  must  be per f or med i n addi t i on t o t hose speci f i ed 
above:
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a.   I f  hi gh- vol t age t est i ng i s done wi t h an AC t est  vol t age as speci f i ed i n 
par agr aph " Hi gh- Vol t age Test  Sour ce, "  an addi t i onal  t est  must  be made 
usi ng a DC t est  vol t age r at ed at  75 per cent  of  t he speci f i ed f ul l  DC 
t est  vol t age,  f or  5 consecut i ve mi nut es.  

b.   I f  vol t age t est s af t er  i nst al l at i on ar e r equi r ed f or  5- 65kV shi el ded 
power  cabl es t hen t est i ng must  be done i n accor dance wi t h 
NEMA WC 74/ I CEA S- 93- 639,  Appendi x F.

3. 2. 2. 3   Fl ame Test s

Al l  [ mul t i pl e- conduct or  and si ngl e- conduct or ]  cabl e assembl i es must  pass 
ei t her  t he ver t i cal  cabl e t r ay f l ame t est s r equi r ed by I CEA T- 30- 520 
( st at ed i n,  but  not  r equi r ed by NEMA WC 70) ,  t he ver t i cal  t r ay f l ame 
pr opagat i on t est  r equi r ement s of  UL 1685 and I EEE 1202,  t he wi r e and cabl e 
bur ni ng char act er i st i cs t est  of  t he UL 2556 VW- 1 Test ,  or  ( f or  cont r ol  
cabl es onl y)  t he f l ame t est  as r equi r ed by NEMA WC 57.   I f  such t est s,  
however ,  have pr evi ousl y been made on i dent i cal  cabl es,  t hese t est s need 
not  be r epeat ed.  I nst ead,  cer t i f i ed r epor t s of  t he or i gi nal  qual i f y i ng 
t est s must  be submi t t ed.   I n t hi s  case t he r epor t s f ur ni shed under  
par agr aph " Repor t s, "  must  i ncl ude i nf or mat i on,  i dent i f y cr i t i cal  
i nf or mat i on,  and ver i f y t hat  al l  of  each cabl e' s mat er i al s,  const r uct i on,  
and di mensi ons ar e t he same as t hose i n t he qual i f y i ng t est s.

3. 2. 2. 4   I ndependent  Test s

The Gover nment  may make vi sual  i nspect i ons,  cont i nui t y or  r esi st ance 
checks,  i nsul at i on r esi st ance r eadi ngs,  power  f act or  t est s,  or  dc hi gh 
pot ent i al  t est s at  f i el d t est  val ues.   A cabl e' s f ai l ur e t o pass t hese 
t est s and i nspect i ons,  or  f ai l ur e t o pr oduce r eadi ngs consi st ent  wi t h 
accept abl e val ues f or  t he appl i cat i on,  wi l l  be gr ounds f or  r ej ect i on of  t he 
cable.

3. 2. 2. 5   Reports

Fur ni sh r esul t s of  t est s.   No wi r e or  cabl e must  be shi pped unt i l  
aut hor i zed.   Lot  number  and r eel  or  coi l  number  of  wi r e and cabl e t est ed 
must  be i ndi cat ed on t he t est  r epor t s.

**************************************************************************
Exampl e Typi cal  Wi r e Tabl e:

WI RE TABLE

Item
No.

Si ze,  kcmi l
 AWG

No.  of
Conds.

Rated
Circuit
Voltage

Stranding Comments Quant i t y,  m
 l i n f t

1 12 1 600 B or  C gener al  use 3260

2 12 1 600 *  Sol i d lighting 960

3 10 4 1000 B or  C transformers 120
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WI RE TABLE

Item
No.

Si ze,  kcmi l
 AWG

No.  of
Conds.

Rated
Circuit
Voltage

Stranding Comments Quant i t y,  m
 l i n f t

4 2/0 shield,
ar mor ,  3

15 kV B or  C jacket 275

17 12 9 1000 B or  C control 
annunciation

670

Cl ass [ _____]  st r andi ng may be subst i t ut ed f or  [ ______]  wher e i ndi cat ed by " * " .

 * * * NOTE:   Cabl e quant i t i es f or  const r uct i on cont r act s shoul d onl y 
 be l i s t ed when cer t ai n,  unl ess payment  i s  t o be per  m f oot ,  or  i f  
 t hey ar e st at ed t o be appr oxi mat e,  subj ect  t o Cont r act or
 ver i f i cat i on.
**************************************************************************
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WI RE TABLE

Item
No.

Si ze,  AWG
or  kcmi l

No.  of
Conds.

Rated
Circuit
Voltage

Stranding Comments Quant i t y,  m
l i n f t

Cl ass [ _____]  st r andi ng may be subst i t ut ed f or  [ ______]  wher e i ndi cat ed by " * " .

       - -  End of  Sect i on - -
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