o s
— - &N
BABRSR "TEHAR) EXERABAEE—BERL L]
W o AR ETFT - dBEFA GG AM AT BEEE
BAKGERXKXZHWHZGH  BBAHSZA T TRETE
THREAFT T  EREGTHAEAVYRAZ—BREENFE - d
B wZRAIBIEREZIXREL S LA XERZ G4 > 2
HFWPCERRES >  RABLARFTARHELEEIRKRE
TEEHZGRKRAERETHTZIH
BB A BREACESASBFEABEE R K AR
HAETHEHRAK MEMEGR LA BEdie KEH—
P BRABEIRE T A ERABRTEEFHRBREZS
Blo FHESHBMERE "HIETRAR, EHEBTH
BXENBBEFERLEHARIA THEEHABBEERTH +
B » E BN RABIEZAGHBBTTENKFRA > AXKE R
35 E o
WEELGFHEBIFFETAELE  mBREETHZIH KK
RAEAZEYG XA TR TR HRIARLEIT LT EH
RWITE > ARBBREIFTELHEERTISLF R



= - Hr R

l.AmE® XS54 > 3 MIEC 331(Internation
Electrotechnical Commission)iZ # 4 » R & BHIK A &
R ERES > mA&BE CNS 113598 4 F hif 4 o ik B
T50°C+40°CZHA KB EEA KT F AL EXEKE I §
B FoomabAEi s A -8 3REHR R 3MEEHEH
BEE NMNZERB M SRATRALZO0V ACRL MR
SPHBEEK FAEERALSS A L2IFRBFATER
—R o BRHARETRE BABRABGFZTEESA S E A
oo KB R o

2.4 MW #CE 85 s 3 B 4% M IEEE 383(Institute of
Electrical and Electronics Engincers) o £ BUL 1581 ~
IEC 332-3 *a Rz REL ol REmERBRBEZHE
FREHFES s BT FREAMBERRE o AHRBRR
WSS BRBEBALETHIRAILZIRTHER B HRBA
M5B BE AR T oBb AT ROBE R X 0 AT BOIE S B S T AL 4E



nNCHRARE

BRERBSEHIEAERER  AEH L AEBRRARERA
EyHFAERZIER BRITETHS 2LER BT EA
BRIAZZL GAFERBRABRAERTFR BT RERTHME
AAREZIABZRFTERER T A TAZRFHBRER
THELAFERBRBABREZFE ) T HROIMAHASGRATE
B Kz Zg ks o

A EEERAFRI B RIFXZETAEAATO T & .

1. 58 kM  SENERFRBEM I BHRMER K EH

:r [
2.FHEIEN  SEFRATRIRBELERZIIBE Bk
b o O
S EERBEN CERBEZAFHAN  HARZIF
oo
4. BESHBTABBME . TERBEMNELZRILR  #H
EAETRIIBEBERZIBFE

AR EERRARH4HTEZ T KBEEHRAEL 25 THRRLE
BETBERARAKLEEXBF T RAisHtgdecbFlas
AFEEFEH EAFTHRAANTERE ) AHHTEZH KHEHE
W o



[%ﬁ%xﬁ]
£ BB R FE

EFRAIOFRBEE L RELRER Y HAETREDRE
TR TE TRAERIXXEEALEXLERTEHE X
HBEABRLESHNEEZNOEAH T ELTHR M (fuel
load) » El ¥4, &4 Kegksa(ignition source) o TH ¥ &
BETRUCHE REFLZEELEHREFTHE MmER L
FTHREEHLGFTHREFEULETHE XA BRTTHS N ETHE
THEZRAFTE B AR =ZXEEERATEHFSIH KER
(fire code) » BWHARF X LB REHF AR Fa 40
AR AT A EHRMRAFTEFR

UL Standard 44 : Rubber-Insulated Wires and Cables.

UL Standard 62 : Flexible Cord and Fixture Wire.

UL Standard 83 : Thermoplastic-Insulated wires.

UL VW-1:Vertical Wire Flame Test.

AL BRAFTERN S-S - RHEABLEER > T8y
AMAFTEHRAGERFTERBPTARR  FEERKELEBYE
RABRBEREATHBEANBERERA o



— - IEEE 383 Test
#1960 X & £ BlPhiladelphia Electric Co. £ 52 %2
AEARROEBE FRAATAFAAFE—FHE o £1971
S lEEER E —MEB 3R RE > A EETHES (Fisher
burner) M RA X Fik 2 k% IEEE#E S KA AR RELAIE
B BAEITAFRBEZ (B ) R EERAS T
O&EHLBESBHES 2.4%~ £0.31x 0
Oz MEREL AL ¥ » BHZEAEE0.15%
ORABRRETAAARRRASGBBERE > L Ko E# %750 o
OMBREHREE2IKv A kBB EAEHELS SanE S
816°C o
OB M 20048 o
ORMGEEFFHRSE 2.4% o
H 4 419844 1 CE A(Insulated Cablé Engineers
Association)$ U L (Underwriter Laboratories) i 4F round
robin program> HARXRZI KB B -KRARTHAZI T -ERZ
EE SR EFSTARL » LHEH2E [EEE 12020 %
»mERCSA FT-4 slzizgdmtigg o
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A= Qas ventuti mineg

Piopans qay .~ Dianson ! an

I — IJEEE Std.383 Equipment of
vertical tray flame test



— - UL 1581 Test

ULRXSZFETEF AR L BVertical Wire flame
test (VW-1)» 24 A &3 M&%E B (Tirrill burner)

B DR o Hk 10A s BMAEALMBER o HAR YT A
ASTM D26334a4% o w42 U L BH TVW-1 % » % M IEEE 38342

oo f2 R B

EES-ARBTASTRFIEETFE o %

UL 1581 sz 1EEE 383,ICEAZR CSA%$ %4 & ATHEMAMER

#Hibde F &

1EEE 383 | ICEA CSA IEEE 1202 | UL 1685 | UL 1685 | IEC 332-3

UL 1581 | T-29-520 FT-4 /UL /1EEE
# % (Kw) 21 62 20 20 21 21 20
FREL B M 20 20 20 20 20 20 2040
(min)

600 nm 300 mm 300 mm 300 mm 457 nm 457 m 600 nm
BB BEE | 75 mn 200 mm 75 mm 75 mm 75 mm 75 mm 75 mm

in back | in back | in front | in front in back | in back | in front
BB AK | horiz. horiz. 20° up 20° up horiz. 20° up | horiz.
HWrEkAm| 2 -4 2 -4 3.0 24 2 -4 2 -4 3-5
H#ERXAM] 0 -3 0-3 0-3 0-3 03 0-3 6 -5
¥ EAm| 2 -4 2 -4 2 -3 2-3 24 2 -4 3-5
thetBEF] | 0.15 0.15 0.25 full 0.15 full 0.30 front
K& (m) front front front only | front front | or front+

only only only only back
EIRERAE ;4 3 2 2 2X2 1 1 1
Bk AERMm] 2 -4 24 1.786 1.786 24 1.786 3-1




= - UL 910 Test

E B R A EEREERMEH L 2ASTY EB4 3 32 %
% @ a) &X (Steiner Tunnel Test)o BMFEA AR ETHELAR
NEC(National Electric Code) # 1975472t o T & £ K F
KET > a2 Rk &AL X% %E % (Flane Spread
rate) & t® 4% 3% % (Smoke Release rate) » L EZ R L TF

O M52 i@ & A87.9Kw/m? o

OkEkEI.OR o

O Ak FFAMREHABR L 0

O TEE1IRo

O K ¥4 B se s BAKA 5 R o

OBBHZIAELEREZEMBMBKRA0.D > ® FHERBAAD

0.150

£ MNational Fire Protection Association#1990 % 4

NFPA 262 d2d > Al H-EB B —&EH =

g - UL 1666 Test

19844 £ EINEC Red@AELEREBUL 1666 4 M & H A
# (Riser Cable test)» i3 Z £ kxAUL 910 B AR &K o £ R
ANSTIFFMASIANER AL HEFERI T !

OF Wi Kk#Hi@FE E145Kkw/m? o

OEHMK®BKIIR o

OBEMEZLEE IR

O XYM B304 4% o

OHTLEBBERKRBTTHRIE - HREF _HERXZY

B (12RZE) °



Insulated Groduol Rectengulor-io-Round

Air inlet Pori 3+1/16"(76.241.6mm) Sheet Metlal Venl Pipe

~—~r 15%4/2 Inches (38013mm)
Adjustable Air Intoke Shufter ;
) . Photoelectric Cel!
/ 25'(7.62 m}-Length of Tes! Chamber otoeleciric e
( — Droft Gougs Connection
a=tl| -8 Thermocoupls 2 Gt
= === =
I o Y o o o Y o | o o o | o |
1
J
‘,VA~--]!; ————————————— o e m e — e — — — T | |
A —B8 Gos Burner for Light Source —-m¥ C=*?
. Ignition Fire Thermocouples,
— —12"(305 mm) 178" (3.2 mm) from surface ,
5445" 13°(3.96m) Actess for Velocily 16" (4.9 m} Minimum
(13720.03m) Meosurements 40'(12.2m) Moximum
T*"Tmm 1/4"(451£6.3mm) 16 (406 mm) 1.D. o e
x Automalicalty High Temperalure DrZIln Suycse!em
oy e Comolled T Mineral Composition Malerial,
Dampsr Minimum 2" (S0mm) Thickness

(305 4 t3mm)

Saclion AA Saction CC

s21958

Bl = - xHhBagd



- HOUID SEAL

— REMOVABLE METLL-AND MIIERLL COMPORITE
TP PLnEL

WATER:COOL E
STRUCTURAL- STEEL

MO 2 Tmmi 500025 1. 625
= INCHES  — 1 INCHES
CABLE - s (I§24154mmr (2096
Wrag o)
SUPPORT m,..)s :ﬂ ‘"‘: J
- T Y
5" INCH T (1270‘|27mm\
) ELBOWS .

~ 12 INCHES (305 mm) -
~ 1173 INCHES (2B6mm) — o

TEST SPECIMENS
Louc&xom&c A»(mﬂ L

CABLE-TRAY RUNGS ~ V —
30:0.5 INCHES

$CI9708

hn

XY RBRENNG

78 AHCH (8 Y

i ,

\ MMECRAL FI uu«/umn: Wkt

~ DOUBL £ PANE
OBSERVATION
il winbow

Y FIRE BRICK

! 9 4 4:4/2 1 2142 INCHES
(22861114 34635 mm),
MAX TEMP 2600%F
ta27°C)




% - UL 1685 Test
19904 £ BNEC #ed €4 1008 2 M A - B s FULA 8
EHIT R RUL 15812 m kM > £ 4 BUL 1685 % > £
Bk ik AL EL A ST o LA H R R By K @
UL 158148 » L AL R R BRA2.An > 2R B iw TBZ £ £ o
OEExEEHFE<0.1n* .s7" o
O 4 ) 5% % & < 250" o

A ICEA Test
i’%%lﬁﬁ})&lCEA(lnsulated Cable Engineers
Assoc1at1on)%ﬁ;@$x EEE 383 E# » AR ZF ©
O #EH & il F62Kw/m* o
O RE EELES 200mn > 8 42 K3 300mm o
@*5 )A/EEE%P"O 3mo
© #] &H%i&i}%’,/mﬁz )A/Ei&lOGCVXL o
OB THEMH Tz HMerMmptEnsl. 0~1 . 6mno
O AEILERH S HAFRGHER o

- [EEE 1202 Test
1 he 4 KCSA FT-448 4 » #55% &y IEEE 38324 h %k » £ %
ABEAAZRER  ARAZEH T .
OBERZHBFRE 21Kw/n® » 12 B % A 4] ik
70 000 Btu/hr & & & 20Kw/m? o
OMBmEZABEE2° o
ORI XM IEEE 383 A & AEHFE » AWhEAERE
0.65m /s o
O#ptd gt nmr a2 08mme
OpibkAHKRKEL.T86me

(_\r



A - MIL-C-24642 Test

(FRABFRENALABEZEELETH S P EIZE o mb
FiEREEE T TAZEENES 711 i mk o B TH B KHEZ
LR A EAREZZEAREREER o

st - FMRC Test
LRI BRAMHENAAI8IF T EHRETE KRB R
ARk o
Lo 12.7cn R EEH S B RERERN AR EBE - 2
e A NE S BTRP T o F 2] A X AF 5] o

Qe
AT (k, C, )

t oo . o EEOKEF B
AT (k, C, )} I #HERESH

2. 6lem B2 B84 S A£50Kw/m?* = 3540 AR T Al K
LRk ts P T FalaX4F48

(0'40(:1”peak/71f13)1/3><10:3
TRP

FPI=

q“peak :Deak HRR (KW/mz)
D =the cable outer diameter (m) o



ho G KR oy ik
— - Ontario Hydro Cable Tray test
OB R EFR LR xiiﬁ}x&"ﬁ‘l o

OF —EREBRBEEREZRNE o
O# e R0 Mo
@ﬁtncrf(FZ.?mO
OMME HBE20° o
O 7 5 B A i AR MR 3K o

— - CSA FT-4 Test
A4 kAZ #E 4 4 (Canadian Standard Association) 37T
— 4 ¢ UL 158182 IEEE 3838 Biés 2 ml k5 ik > L £ %2 FF
Be A VAR R
OMBEAAMAEREIO /nin, TR ABRES In.s™
ORI AWFHRBEHZRKEBIC ©
O#F 2 E3.0mo
OB AaREEL o
O s> RHE2.3me
Ow b FH S4B 45% » REHE T 2 o
O BHEARE BT HHEFHKo
O XAEILEAEFFAHE]L Sno



3B AR A
— - BS 4066 TestszIEC 332 partl,332 part?2,332part34a 5

(o]

= - BS 6387 Test
REZELERERATEY TALER" ) — XA ZRAXEAX
Tk Hillhe T oC
1. % #h 437 kM (Resistance to fire alone)
1200mnz EHEH SR AT HF KX BEH 610mnk = &%
MERRAKBEEH KT > £ 650,750,950°C R Bl =&
Y R U R R
2.3 KM R EARFBARMK (Resistance to fire with water)
WS E — AR > B1500mn o R F ik 81 H — B
2 KIEBZEEENC » AMBElonsg L4 B KISH
48 > FAREAKRBARAAKR > EI0H0EANEEL TR EEMHR
3.4 K Z B E % (Resistance to fire with
mechanical shock) :
o ik AASTH E119 4 Kol 30k MR ¥ - % 4 ) X of
VAMA M 7 kAR R o



WA L ZAE R R i de @

LA IR A o

> =2 Owe

o

resistanceto
resistanceto
resistanceto
resistanceto
resistanceto
30 min o
resistanceto
650°C o
resistanceto
750°C o
resistanceto
950°C o

fire
fire
fire
fire
fire

fire

fire

fire

B

LTRSS TR ET 7

alone, at 650°C for 3hoe
alone, at 750°C for 3hoe
atone, at 950°C for 3he
alone, at 950°C for 20min o
and water, at 650°C for

and mechanical shock, at
and mechanical shock, at

and mechanical shock, at



&RAB R TT ik
CET 20-22 Test

196745 & KA M XHF AR A10Kg TR = B eI ads &2
AR mEALITIFAEFHF K KgRIKgA R RE » Rtk
1989 F s 2 PVCE S M I0Kg A R R ¥ > HEPVCEHE M KE
1EC 332 part3 Catagory C 1.5 L/m%& sl & o & K#AICESI# A
30Kw/m* 2 d ek AEEIOKR RILEALTHRE 3.5K
BAH > mCEGBIZ A FFRE 170X » hig R o

B Rk
NF X70-100 R AR R ETERBERBEZIRE o

In ORI R ok
SS 424 14 75 #11EC 332 partl,2,348 5 o

RS e
NBN 713-020 Test
M 24 k% (University of Liege) BR-FF K%
(University of Ghent)Z BB BA X ETEZ "TADEKR" >
FmEAKR IS0 834 k2> mal ek 530, 60&
12054 o



B ORY B OBR AT AR R K Ak

B AR AKRELRMNEBAERAEERN IEEES
— 5t o B IS0 AZHE > L E TR m & HE RS0
s BAFAEFHE BB TY BRI E T XHEKB A
BAEF BoMigRics  FREXEHEHZ o [EC ZISO ¢4
HMEEAKZF % LETEHTTHR

IEC 331 Test'
&L¢%¢L#&’ﬁ%§%a&%¢¢@mo

1EC 332 Partl Test

g X A BUL 1581 VWW-1HRE A FHuMm o 2AHL
Ak AR AL 50X b 2 BE A AS R R . 1-60+n/25
(n:600mmEk EHEZEF)HMAKE > o RALKRETLS
475mmBy A H5 o AR H E B HEEREEKA o

= - 1EC 332 Part?2 Test

#11EC 332 Part] #ifl » R A2 AA B K4 548
KBy R 204 o



vg - 1EC 332 Part3 Test

Boak 4k A 2 1EC 332-3 P4k 2k 3 IEEE 3834 1 »
e BAMAFTE > ki fde T L

IEC 332-3 IEEE 383(UL 1581)
1. gk )% ok 20 min(Category C* ) 20 min
40 min(Category A* )
40 min(Category B* )

2B ERLE 0.5 m 0.3 m

R = 3.5 m 2.4 m

4. JFXRALEE 3.1 m 2.4 m
5.#% %45 & BT A A BT

6.4 & 0.3 m | 0.15 m
7.0 3k % 1 % 3 k(B THH)

* 22 0 1EC 332-3 # & o4
Category A -T##® 7 L/M
Category B T8 3.5 L/M
Category C -4 %® 1.5 L/M

[EC 332-3 8 IEEE 383(UL1581)EE R B » 12 K 5
AR P FaEmMm o wmIEC 332-3 = gk = (Chamber) 3t rdg s
Mo AN EREERBRTTRAG T AT S—HRELE
AL (B wRE E)



Sorntie des fumees
Smoke oullet
300 X 1000

4 000

Entrée d’air

Ar infet
400 X W‘

Clgvation de 150 mm au-dessus du niveau du sol
Rig raised 150 mm above ground level

Be - % %
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H AR A Gk

B AN RS L%

FERAESA A RIS 13018 2 A K PIAI2 5 ik » 2
A4 840 £84°C > vk il 530448 » B & & 3 oA e 52
s LR ia At A s IEC 331 BRI > (2 aF s o &
BCNS 11174 42 4 1 gbik4a ] o

PR R B RSk
— - CNS 11359 R (xR oHh)~-BERacH (B
W)k et K g 1EC 331 B (w5 ) o

= -CNS 11174 W& T4
e ARHEBELEAE o #MCONS 11227(3%
S KB KRB Fix) mAd > BEE
# £840°C + 84°C ~ #m#30448 » A K@
RAE » AFHEAEBRE B L1 -
t—2~t—3:

= - CNS 11175 #t# % 4
& MCNS 11227 &My X Kk F ik
B E R A EH A 310°CE£10°C ~ #% 30
4% 0 JmpkBFi 250V RAE o RIFEAE
BAEZ > wBA—1 ~ — 2 :



Bl >x - CNS 11359 (1EC 331) =&k



et 300
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150 3
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AR 1.6 DAL 2 & BEHE LSt
BB R TE B IR A 5 2 K
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[%ﬁ%ﬁ&j
£ H AR 5k
- ASTM E662

19674 £ B B %42 4 B Gross D. ér/\F;f‘] h—HAHER
ZHEXRZFERRATRADHERBERNBEEAALAZRBER o £
W% i ALYTOSFEANASTMAEZ A » B AR T AT AE
(Specific Optical density Ds) & wtBouguer’ssBeer’s =
AEH &

Ds=G (logi, (100/T) )
optical density:log,,(100/T)

\% 18f¢?
G (geometrical factor)= = =132
LA 3ftx0.04561f¢t?

V : chamber volume
L :light beam path
A : exposed sample area
Ds 1132 (logi, (100/T) )
AR AENERRRL R TEE - EEASS ~EZH
B FHTHR (B L) o

- UL 1685 Test
A AUL 1081 F ik » B LEF: T RARIREEREE
FEMEE A 0.25mP st s R AR R T R

#95m? o



LTI OMMoOOW e

Phototube Enclosure
Chamber

Blowout Panel

Hinged Door with Window
Exhaust Vent Control
Radiometer Qutput Jack
Temperature (Wall) Indicator
Temperature Indicator Switch
Autotransformers

Voltmeter ([urnace)

Fuse Holders

Furnace Heater Switch

Gas & Aar Flowmetcers

Nl g AT OO DO Y

Gas & Air Shutoff Valves
Light Intensity Controls
Light Voltage Measuring Jack
Light Source Switch

Line Switch

Support Frame
Indicating Lamps
Photometer Readout
Rods

Glass Window

Exhbaust Vent

Inlet Vent

— Access Ports

ASTM E662 Smoke Density Chamber

S 3 1 —_—



= - UL 910 Test

MATEME o BB KMR X E M E R RK - B
FlEARRE S A S EREMEAR A . 5 y w3 R EF R R
#0.150

v - ASTM E1354#2ASTM E906
W A R 4% A H®Cone Calorimeter » £ &M T #H X &
Calorimeter s e & L2 (B+ ~BA+—)o

REARFE
— - 3 M Cube Test

3 B AGrayson AR L&Y AEINZHKBET(RERE
2T’ ) s HEBERSERAAEFT —EL L ETZEMHNEF
LR TE LA AZIREAFZRAELMNAT L EE o sbik
GRRXEERS > MAARHA o Li#42F(Smoke obscuration)
A, T FHALKXA &

A% Io
Ao =—log(
L It
V : chamber volume
L : light path length
I o :initial transmittance
1 t : measured transmittance

)



OHIO STATE HEAT AND VISIBLE SMOKE
RELEASE RATE APPARATUS, ASTM E-906

DEVELOPED BY THE OHIO STATE UNIVERSITY
INTRODUCED DURING THE 1975 IWC'S TO THE
WIRE AND CABLE INDUSTRY

/ Smoka Oatector

///Ru&untPgnm

Znvironmental
Chanmber

o
i D@::“iii&h Gas Suooly

Pilot Flame~" | —Air Distribution
Plate
: z

i 9«—Aklma

B - OS UM FRRAR



To panel . I
maunted Driecite i _
 tsooly == e avcante | ==l
Heztar
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r Load Call

NBS CONE CALORIMETER
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= - BS 6724 Test
it 3ME FRRAME o

B AR R T ik
# 1EEE 383 #5hm# J1S D1201 e @ 4 & R B BE 4 R

BR AR Al R o ok
[EC 1034-1,1034-2 Test
w3 M Cale Test#aR (B +=—1~+=——2)0



3000 mm

e
| —

1 500 mm

Source lumineuse
Light source

1500 mm |
750 mm ,
Support du cable € ]
! \ Cable support g
! <
A\ n @ ‘
e\, U
2
Q : \ P Bac d’atcqol
? b \O,% Alcohol tray
[
t N .
1 J
Paravent hauteur 1 000 mm b
Draught screen herght 1 000 mm -
. T Trajet optique havteur 2 150 mm
- Opucal path height 2 150 mm
! i
E (
g Debitduventdateur 104 15 m/mun
2 Fan flow 10to 1Sm¥min
S ———
I o
Door

3 M= Fm

ik

(s

3R fir B AL B

Cetiule photoélectrqu
Photocel!

218190



{ampe aquanz/a halogene
Quarz/hatogenbulb

Celiuie phototlecinique
Photocell

. 150 mm
Systéme optique
Lens sysiem . -

Faisceau lumuneux
Lightbeam -

Tube de linition mate & linténeur
Tube, mattfimished inside
Réflecteur

Reflector

Almentation stabiisée enlension 12.00+0.01V
Stabilized voltage supply 12.00£0.01V 3000 mm

Fenétre de proiection contre les poussieres
Window for dust protection

Fenétres du cube

Windows of the cube 119790

La source lumincusc ct fa cellule photo-électnque
ne doivent pas éir solidaires des parois du cube

The light source and the photoce i must be physically
(«olated from the walls of the cube

Le diameire du céne lumimeus sur la sueface opposce
3 ta source est de 1,50 menviron

The diameies of the cone of light on the opposite
face from the source 15 2ppromimately 1.5 m
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- University of Pittsburgh Toxicity Test ASTM E-5,
21,12 Task Group 3F4& » B A E R K& TR o

— - NIST Radiant Furnace Test
ASTM E-5,21,5 Task Groupipf& » vk £ HAF R & o
(e B + =)

= - NES 713 (British Naval Engineering standard)
FERAREESEELRZE AL E B EXEAITIHNE o
(o B + )

BRI Tk .
NES 713 (B;itis Naval Engineering Standard)
EATR R EE LN (Toxicity Index) & B#AD

o Co: Cs2 Cys s Co
Toxicity Index= [ + + + ... )
C f 1 C f 2 C f 3 C f n

Cx100xV
Cy = ppn
m

C = Concentration of gas in test chamber(ppm).
m = Fire test mass (gram).
V = Volume of test chamber (m®).

H

C . = Concentration of the gas considered fatal
to man for a 30 minute exposure time {ppm)
as below.

Toxicity Concentration PPM

Carbon dioxtide - 100,000



Carbon monoxide 4,000

Hydrogen sulphide 750
Ammonia 750
Formaldehyde 000
Hydrogen chloride 500
Acrylonitrile 400
Sulphur dioxide 400
Nitrogen oxides 250
Phenol 250
Hydrogen cyanide 150
Hydrogen bromide 150
Hydrogen fluoride 100
Phosgene 25



APPARATUS QF U QF PITTSBURGH, NBS, DIN 53436

SFPE Handbook of Fire Protection Engineenng, Taxicity Assessment,
David A. Purser

University of Pictapurgn Aposratus
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f T UDW METER AyME e
—_‘“’—U

FILTER| EXPOSURE  ANIMAL PLETHYSMOGRAPH
? CHAMllR

SAWUNG ORT
FUANACE
2813x)4em
{ !NGYH 1QemiD 19mm
LENGTH 78 com
SIAM.. 10.3 em J
OILUTING aim

,

i 1 i

e O METER ———— |

—— !
ICY BATH

Naponat Buresu of Stanaaros {NBS) Aoosratus”

.
__Scosoo
]
L |
v i
{ IXPOSURE CHAMEEA
FURNACT ENCLOSURE

DIN 83438 Apoaratus’'?

I -
’ o PORTS FOR ANIMALS

CISTRISUTION CHAMSER
PRECISION-# L0 METER

o1LuTioN aim —e 7] |

“

; z

o

. -— 3

i sssss) -

(:Juaurlcnr - 3
— <
MOBILE FURNACS <

PEECISICN ALOW-METER

CUARTZ CRUCISLE AS JAMPLE HCLOER v

ANIMAL TURES

B4 = - U.PITT,NBS,DIN 534264 & 3 2% [
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— < 1EC 754-1 Test

A TERBEAMAT AR T FRALRZARRE > 7T
AAFITE > — &5 1% T » MEBEBREMNE T50°C > B E B
HRIHCT AF % & @ R4 o

= - [EC 754-2 Test

MAETHERALHRERETE bR ANKEIKNIERET
g ARGz AR E(RHTR) O



Peessure recucing vave

Flow mater
Furnece

Quartz glase tubse l

1 Gas washing botlise
= || rr-— rr

Naadle vatve

Compressed al

Thetmocouple

—

Activated chaccont
Sillca gol

Al ftitaring Al drylng

Device fo¢ Inserting combustion boel and szmpls Magnstic sticrlng bae

Combuslion boat and tast plece Magnotlc stlrrar

1€ 13801

Test apparatus for pH and conductivity of fire gases, IEC 754-2: Use of
Compressed Air

B+A - SHEMAESZATERNRE

— 4 3



% - BERER

WHTRZ A AT TAHEIEEE 3832 8 BN — B HEANE X
B KEMNXTE RAEVRERMET c B AH R EHB
AR BT - BRI ALY o B4 IEC 331 =
BEFTLHGARETE KHERMAFH > FRBET EHE TR R
R i EREZARKRBE 05
— « 1EEE 383 &k 5%

[EEE 383(Institute of Electrical and Electronics
Engineers) R A EREF LALLM ER By —#£E AHK
XTHEERE XARARE > HHMV0T(Vertical Open Tray) o
HAELZARONZEAT S HmILTRABEBRES » AEER
SZARMETRIEX AARTREZ K LB A EI0T
(815°C) MMA K X MR A RMM L BTEE20504 > a5
T BN B HE REREH o '

2B ARMR L8 A FT5 £ (Underwriters Laboratories
Inc.)orded UL 158134 » AR 3234 | @ b X 4 44 st
IEEE 383K #Aa B » w B R ~ T E DL ~ BB T ~ %
MEMRARAAZER" KB T FHRERS " BEE > BELEELT

IEEE 383 UL 1581
1. MBS HE 2 ft 1.5 ft
(&3 %)
2.7% A4 wmanometer 1.7+0.2(H,0) flowmeter 163+10 SCFH
3. A% E#H  manometer -1.0£0.1(H,0) flowmeter 2841 SCFH
4 BRI AR 1500°F (815°C) 2500btu/ft® (93M;/m®)

MEAA LW RALRZAR > B d@EETEMZAE
BT R IR T 5 0 MR B K I K o AL B B I 2 —
G LALME T — R MRS BEFE 0 — R L AR



EEEERMABANSELTHELI2E s BRAXLEREE b
F&—:

e N RAEE | MR RILRE | RAKBEE | A =
% % | (%) |(m)] (cm) (cn)
TS-1 #.4 PE 18

#wE PVC 28 3.5 A3 TH T 4%
TS-2 @4 PEX 29

#E PVC 30 3.5 162 175 o4
TS-3 #4 PE* 30

ik E EVA 32 6.5 84 115 S5
TS-4 #.4 PE - 18

W F PVC 29 10.2 TH R By A4
TS-5 & PVC 29

% jE PE* 30 10.2 81 125 S5
TS-6 #4 EVA | 32

#k E PE” 33 11.8 63 78 3
TS-7 B4 EVA 35

W E PE 19 9.0 TR T8 R T o
TS-8 w4 PVC 29

#*E PE 18 12.3 TH TH 3h A
TS-9 ® & PVC 30

#* F PE* 30 11.8 55 65 &H#

TS-10# 4 EVA 35
# g PVC 30 12.3 75 95 PNy

YR A




TS-11 £715-20 BB KEAETE > A BER S E# »C,DE BARESH -

I

% & EHAE | B | BALRAE | RAKBEGA N &
£ % (mm) (cm) (cm)

TS-11 % EPVC A 1.5 TAH T8 e
T5-12 3 FPVC A 2.0 150 175 oA
TS-13 4 HPVC B 1.6 170 190 oA
TS-14 # g PVC B 2.1 145 175 s
TS-15 # EPVC C 1.6 TRER TH O br e -
TS-16 # g PVC C 2.0 160 185 S
TS-17 3% g PVC D 1.2 130 150 LA
TS-18 3 EPVC b 1.4 120 135 &4
TS-19 # FPVC E 1.0 JAAR THER T aH
T5-20 #38 PVC E 0.8 TR THER I ot




o E A

1.

2

wTS-1 ETS- 10 A M E B LTHF L BEPEH K £20
VATF 2 shak B PVC H??E?)OVATi’JTnblu\/FJ& o

T KB RMEEM T AMBEL L an o
3.

Ei?iPE&EVA(Ethy ene Vinyl Acetate) s 4 &tk
WM HER KEKE %%%%ﬁo

AR EEBERFESZEELS ) EETAMESF ERME

o

BEXEHTAERGETEEBG KAR > 2 FKEE

LIARYW o BEHY %m;%%& A K EH R
HZEHEI G2y XTI UAKRTEREE 4
Wk o

CRAKESEARRARERS  EREREZARAL

RELHERZRE ot KiERCIA FT-4R 2 2L & E
jei 1.5n &M > RAE KA R F L E & AT R A
EAEHE o

A H RBRERATET/C ERAREKEFRTE

IEEE 383Ul 18l M v A R X EHABEFRF
o e TBRERG T > 1EC 332-3 = kit w85 & A 3F
s UL R ABR ZEREBBRTATHER LR EBEX
£ HE o :

R EHREEEAEBEEE o

KisHEs s 1.oR > REE KA 815°CE30°C > 4 b
EJREABE AR ST R o



= < 1EC 331 B =R FiE ©

I EC 33 1(International Electrotechnical
Commission) 424 £750°C A b8 kK » & # 3 ko ¥ 1
BRAZAECNS 11359" R (R R W) ~BERATH( &
LH )M EARKEE" LEHRALEZE A kKAAXFTEG
il do F L

EalX 2 TEARI200mn > F & F100mn 24k 5 R
EEBREAY B EEZ—FmABAEFTZIRE AELATR
B G RSB E RS BEAEERME AT A
BN AH a2z BEREAE 24 LAFATR FHEIFHA
ARARLEEmA T3> 3 4mE 300ms £2BRALELEH
TRy b AN o

FHELr-—E3IMERXIEEREHR LETEIARLE
ZHYRE S ZEREEMALBI Az TR Ly
Mg R LB B c THECHEXRBRY » 2R EET
BlARdg » 0B A3 LR AoR3aREAEHE A
EANE W e R A NICRCOR I S

HEZ kG ERTE 610mm= R FR KL KK HRBER
AFEHEXKBRATET SmmBERAEET S5 0°CAL o MESE
AT RBFTEES TS A RBAoEHEAHHT Smm >
BHEHIEEETR > FRELEZERO00V > s 3 EFEE X
B EMRATAHLE B oAl 2P HAREYRATHER
REE—k o THEEHEETAH LI o



(EC 331 <4y :

WHEMNREATREEANTHEE ) 2FBHESES

T AR IEC 331 R &

1. 6.6KV FT-8-C
XLPE 1/C 100 SQ O -

2. 600V FT-8-C

XLPE 1/C 5.5 $Q & B
3. 600V 3CX 1.5 mn2 & %
4. 600v 3¢X 16 mn2 &




B

1.

AHFR

LR EFLEHTEE AR EN TR AGREEE
# o~ JEoksE(sprinkler) &M~ —ALBRBERKRKEZ
G FLTH KRB EHmoBREZIH - DBESFTGHTE
EF4ER o

L HE T R A FR-PVCXFR-PE B3 F# » XLPEA £ &

HozguaEHEMNca)B iz KGR OLE i T
FaFpaxi@® 750°C+50°C I BFRFTZRIHK o

R BB R2ECNS 11359 mI1EC 331 T HE o
O3 BB 42 BS 6387 Category BsIEC 331 48R » =

Category A% 650°C ~ 3.8 » Category C& 950°C ~
Sviyo 5. B AR S TR L RAAN G R
840°C ~ 30504k » A 3 4 £ 44 B 4 1EC 331 Rst
42 £~ A REBCEE R FLRE ©

CARB R A 3y EE 600V TR B —F

BT R THAEARNEER



B -

TR LA R
L R APEE A

“%%&ﬁﬁ¢’uﬁ%§&’wwg T Y
W 8% EThRBRKGHEE > FMHER- m%&n
FTHMAAmEEEEE RS 0 TRBEHEE 0 LAPER
ARG — 2 o L FRAPEMH & e AH KB
fibdy > BB RCERRE > TEHEZ MR (4 F
MlEARE) A4 p+E K PE ( CROSS-LINK
POLYETHYLENE ) #§#&XLPE o
1. #PEE H EHE 455
nHETEUALIPEE B4 XM » v RIALH R/ R
RREHRFELEAAE MR HPEA M2
BB REZIRE BB~ BB ST HEETF
1B R K Al o
Zx@% HEEZ AR
THEERNZTREERMNRK » #6007V~
500,000V o 4% ZHR110,000Va e £ » At A 0.F.
AHEE > AN A MK X EPEEE B AR MY
L PEE %&M#mmﬁﬁm%%%’%%%‘
HH X TEHEALTHMN  REPEEE T 2/ TAH
Ei
O#HETAENTE
Q% =xETH
QT TE
@i+ € &
@ﬁ&*&
©®& R3] T4
OF-F- %%
@HBHAEHETE
@F @k Ta



3. RBPEETHE M
DT LG
Bygat) > BHEEATEKRS FTELE
BHBEERIEF I o
QEREEX
BEFGEEFEEINC A4 ANKTES
BRGER TR o
Qi R B H K&
AR S A BN s ARSI AAR KR
M o
DEFE » I EHEEES
OBEHF LRGN RBY A TERNBE H N
B SRBELIL BHBERREBECA LR L
GEAEXRLE -FFR > ERALEE LA
OCVEEBAEXZTE  BEHHEE FFF
WE S HREMRLG
D ~T #teib » B £ H AT o

—5 2



4.5 @PEE ) EHE hAE R

HERATE | g | TR #* # = & B %
CV-CE | PVC %% » PR & — &~ B E A
600V
3300V cvr PVC %> BAEH d8me | — A
6600V
11000V | % #% | CWNM GHMG ARV TE ZER
15000V
22000V CLZV #ATEE B A
33000v
66000V CVIXZV | e BEBEE TS HARIEF A
77000 | 2 %
110000V CVIXZV | m% a4 AT HA
154000V
187000V FCVHA BRRNSRERTE AT
275000V
500000V | 3 2% | MCVMA(ZV | PVC ks34 A
CAZV PVC # i dmikdt g BERR
CSZV PVC #% > relismans &M




- &0 & R & 5 25 (LSOH ~ LSNH ~ LSFH)

— A5 A EHA GAE g~ AR E s & BN
AL RS S Wk HE SRR AR SEEY
W BRCH S A BB B I mBRK
CHEREHH MARTHLETEORBE R BE > B
MAEEBEEAET RAd— 25 A KL > 2k
AR B ARG ERRERLEYARESEERAEL  FES
ABBEEG I BUAEATFRXRFTAFIANRTE B
BB -BERENBR--F RABELRF A
SR REKGE CAEAERETOMHRARET S
TH o
ASNHE # x 2 K didd it

ISNHE SR L3 EHEXTREEELHE > 2481
HAF R FERET  MA KBRS L T4 A##H
B E B R sty B o
D 4,45 # (Oxygen Index) X 5%

4 35 ASTH D2863
P TARKE, XREA S RLAARATALGRS
AT s TAGHEMF KT FEEHRMBRERE
QEHAREEFLERXR
FARMRTE 2R A TERTHIRE > HF
ot R A E A (PH) 2 &€& (Conductivity)
AT oS4 REOM B BREK $TES B AT
AHBEAR S RFZIREY
MESEZRARA GHEMHBREE > ERABRGE
FRAEDARRZIE A ARAKRAICRERIN A E
A S F o



@& % & (Smoke Emissin) #%
g % BASTM E662 2.2 » S H B R EAEHRE
EVPBRBAIEHRZER > ALEHEEE ~ X2
EER-BEEZIHARELE T 2 o LSNEM # 2
EREH4E—4& PVCey30% x FHr R EH%E » £ 4
ANERBRAGEZIR o

@ &M (Toxicity Index) 5%
FAREABAEANRYEG T HHAEAZTRATEAK
BB MAAMARAMSERABT (Toxicity
Factor) ty#afm o FU R THM » HKEBR WU F E AL
oWkt E S LSNIM# R4 B E > AT
A —FRFEEGHA o

O T s eyt %X % (Flame Retardant)
AR ALMNBEKREBELEZEE AR AT FaERY
kR KA EFHESFHEREERER Bb— &
BRI K TFRKIRER  EHAABIHSHE - T8
&k B ( RIEIEC 332 PART 1) 3 46T & at kX B4
( &4 1EEE 383 % 1EC 332 PART 3) o

AR ERFEEIME(R A1~ bR —2 >
+x—=3~+x—14)

F OMIEAAKES

8 % 0 L @PEXEPR B

M4 o LSNHM #

UK RO 4 % B RNHER A

A % LSNH# #



S MBS e

B+x—1- MKETH (£42)

4 EEES

alEE)

Bts—2 - KBRTE (8%)

—5 6—



3
{_aPEEEL

13882 1

o Tl 9 Lo R 9 —— | T

5 FUEM 7

B+-x—3 - HRTE (£48%)

: —— TanEnE e

8 22 Pt 18 LS RER 18
958
i 5 FER 7




S MEEEETTEIRA
LSNHEBE R AR 2 LS OHHGSA( v & A8
~EENE N BB SBRXEAMBRE KT
MRk s oS Ts  omE--%) B LSNHEE A
ZAMSG  BFA XK REBE KK BREERK LA
HBAMBRR  AABRGKELEFTORE

- & k(Fire Resistant) & # (Heat Resistant) &4
ARAREFTY » TR BEREFAEA XK TEF
;)\m(?/ﬂ P ERKEBELEEHAXRABRZIEERLE
FTHERARFLBILZ IR
A RATERMUTABRSGE  WmAEXEFHBERMHE
f’ﬁﬁ]i?% THE( BN~ EGREEER  FAHEL
B R RMA S AR TR L ?%3‘&
~%“EJ§?§$'€5 )%%‘%wxﬁ‘ ﬁ&)ﬁii" XM~ FEE
BAGE ~ B BIEHBEM-) £ — z%mmﬁ&%#
'?Ei'fi v A HE 33 {%(i&;,x@ﬂ?o
THEAASF G KER > TEB T2 K
;éifyﬁ“
l.ax "THBREFS T35,
s AR R (600V) Fo F R (3,300V ~ 6,600V) —#%
it FLEE TRHX-WAELABREREZEET, @
WA RABHBERERZAENFKRETERKR o



WRBEMBRKXEAN > TESRET o Xk
EEB AN EHAETEZE 840C» XBRERE
600V XA TR » X er 3094 AMA > §
BErRRELEEE EBRGET » XB&ETH 5 AR
R AawB 1500VE S 198 FRAFHBERRZ
B AR EEIIIL R AT G o

K E & o M R R %

1 & = &
A i Zx M E R H FERERAH
T R 600 V 3,300V ~ 6,600V
TR | B40°C X0 a8 RFEF 48T

Hoar oo | X B

B4 ¥ | 1.0~2.6nm 1 ~3 %
0.9~8 mm® 1 ~ 30
14 mm® 22 E

14 mm® 2 E 1 ~7

g s | CRAKES

ok B | A EE(Mica) B £y ERBgY

% 4% g PE XLPE

£ F | PVC & FR-PVC safpx PE




2.1EC 331 :

RRBAEBEEARE B0CHBEHEBETE
ey AMIABREZ ERw A B » L% >
2P ZABRABRAZTERNMARE » EX B H
s EEYFRFHER BB ZIEN > AEATEN L
HIEF H o

WHREEERAABEGTFEXRELER S BB~ &R
BIEHZHEEAHREB TR o hRBZAKKRARHE
BEAETE 4 2 REHRTHREMAES 24935 o
AR aiadkETERAE hRABEFEERATE
IBOCHKBGHBETHELISH & > LM 200V 2R
TRAEMZSH > EELFAES Bz RRRIE
% o

Ao OF 4oe MR M oB

& ® B 55 E R W 7E A

o

& M| FERFE SBOCHFMMIINTME  RIFEFAE

o

@ | 0.65 ~ 2.0 nm %44
0.9 ~ 3.5 mm2 &AL
& # A& | Polyimide #HE%

® % 7% | PE~XLPE-~PVC

¥ # | PVC

%oy Rozs: 2~ 2 %
Hags 1~ 20 4

—6 0—



& K E B

BB AL

HFER EARBEGHFARMGARCHES XD LR
HEA MEEHOEL RRABTERIHMEGTHR
THE S ARZPBRLERES TR GET o &
®E 8 REE— ﬁﬂk%ﬁ’ﬁﬁﬁﬁﬁﬁ%%éﬁﬁ
B BHRAKETFZR A FIRATHABERA ~ S
#E AW o

HEZSHKGYERER TH - THELB O XHBEHL
BB IV4F £ AIEEEa gsh s E il 78
TRMERATH - TESEA TR a2 MEART
AL mTETER E(EHA ~EHA ~ £zl
BH)  EERBEMHY T A XBKIZE STD-383 0 &
19784 > B REHR T ¥4 tde T & a0 a8 B M3 ok
JCS % 3663k 7 A

F5% o EAWMETAIIBF LR E T4 ~ TR
M AMEEALAZSERLT TS84 SEBRBLEAE
TMEREG, »AERTLE S THEUBBERTH AT ENH
BEWE M TH @ EREGEE RARKRMESR R EE W
MR TH S A K H R — KA R
A — 4K o

—6 1—



2. HE B A FE AL

O#

JB-(PLASTIC) #5943
FAACGD R A AR om F R BB
%ﬁﬁ EMBHRGRBERM o TREBHBEH W
BAEBKBE > A EHEb ARARNEFGY
'T:t LAk E B A A AGBREA > LIERER
A MBBURBERAGHRAELEER  EHASBEE
RTHHANE AEHEBRE -G TEHAAALRALR
BEBRLRAY T RERRE IR

8 2 # B S
— — — &8 — 8% —
At Gy
s i % %

M PTOSR #y JF 42
EHEERBERFZKEE
a.¥k# D W B M R S A EE (gas) ®
B o
b8 A (- RETAFHRBRAHBES o
C.m/E I ORBHRMBLEL o



BARAEBKBERESOEIL W TEAEF B P8k
SREBAGEKEBENRE L T 2B MM BREY
KRG o Hb G BB GEBE ARG LEY »
v s ZR W ERA AR ETE o MR EK
Medh 6 MR BB R B 5 A S M R B A MK R
BOKF R > mA AR BB RRTA) BA
Heo MR BB THAME R2HBHE
Bl ey — A% > FPAEGERI MK R o

BREETHLATEOEARR B AAVHEW
Br o RARE Heey o B i@ F A LA H & G (HALOGEN)
EMB R EBE L AEHIPH KRR R YR
o AT MMAMKIEY > THERELYE TR WE

B ldh o Mk R R > Bk AT A M
AR » THRAGTERITE LRG0 A TEA
D 3 #4085 F ik

HM EEHBMAL T E X450 428 K358
HEGEBHIRESGLE — A EHRTE M A& F
RO RYG —HEF ke AL A FSYE F{2r &
METEOHEE AR CEEL TN miEd
AC A R o PRI s BLAERBHEHN FE > 8 BE®REK
by A 27 o

MATHEMRAM R E LRES X
EHEEERCEERA L AR TEORE
(sheath) M4t o 465 2 ACVE L 5 > LBk
RLH > ERTAEHTRAFEHR G R =2 iF 35
KM BT H B3 > PP R B35 B A P 2 ey 3 4L
WEAMA s REF KL RE o b HOVELE &

mME o BRECEASEBRBRMEARETZARIEY o



3.8 %
AT n — 142t TR, Fiko
P TREE, TRk ML AR TR ETHALR
CRABRT BB ERAKRBTTERAYBRRER
(Vol% ) #ml g » Bl Fik o XATAl e (A3 H)
& MR MR M 4 B (PARAMETER) o4 — 46 & = 5 3% o
(ASTM D2863-70T ~ JIS K7201)

(0. )
A E= X100 (Vol)
(N, J+(0. )

A AL B H 2 B A M H
FAE B A20 900 F 452 B AT B M H 3

TRBFTTEEMMAGARIEH  RYETAMETY
R RBPEIETHHEMA B RIH LA RS
HTOABRMEZ rH - BRAEAAIE T EFT » HH o
CHEERE AR RBRF A BTG RANE > T
ReRERXBMAOHBEARALEZZFEZ LR R A A
EHTFEHEE o




T B M OH & &/ I K
3 18 #
# ¥t
—f R | R TRLY
zH A& (Vinyl) 24 ~30
SFeRat R T A 24 ~30
B | B (Polyethylene) 18 ~25
LR TH 18 ~28
EP #05 21 ~28
TH A 24 ~A40
WHEM | "o Hmi 24 ~40
B CH 18 ~25
T g% 30 ~40
% px(Jute) 18 —
% 4 | B&EMH(Polypropyrene

B R e




L. ¥ K MR
MM AR RSH > A TIEAE( TEH
%A RGR) o
Ok #(Halogen) # skl o
QA F F KB o
Qe ABRBRE o REMENH Z A1 =4 (5b,0;) &R &
fitge [AL(OH), [ % o
@R RIEHEH o bl @ R ARBME(R)4 o
B ARKBEM LR BBEB AR FLER > TAEZ
HAGHERRAR > Bt AEFTLTERETRERA
MA A EFENE( wRE TR SCKREFE )RRR
&R R AR o

/b 64,



1 - B ME R

THEREE R RGN HE S BWNEEIRAMKRS S
PVC » m B 45t Al BPEXRXLPEM H » £ 55 52 8] A 48 M & 58 4
EMERE BEABRTERE - EAZIEEREPL FERT
BIEERBRE - RPEEL BT HHERATAETSH Rk
BECMMRFES-AREHWE -FTERE - R ZHFF
) O RARAAMEB KRR AA T MG A KA~ BEs
EHBEHEBZAFSEFHIASE -

HEEYAERZ " FARL " AERERZE HE LG ~ AN
ZERERG EHEEAXTATAAGABMENZITHARAR
BRERBY B E S ERSFH R -HEANFTZFEEG
BeFuf CLERAEAHEEMERIRY o

TR EMATE(AREEZL)REZHRNENRE I —££H
1# M %z NEC(Nationmal Electrical Code) » —Z B g4 1l =
[EC(International Electrotechnical Commission) o J 4 &
RipA — L RARRAATIRNEZ R FXEdm R ERADERE S~ H A
MREREAMRE o AFHRREERETH 76~ Ak g7
LF O RMERRERAEIN T AR EWwE

OMRELEEAFETHERE AR KA R A BIEEE 38331

P FRZREIEARBREHASARZREALE » B3
MR BRE RS RE-RELEFRSALTE > 12 5]
RAZMNHBAZER AT A EXRRTE R >

IEEE 383K %k » £ W ~ B AMEBRME WP 2428 X 5 5l
IZEE 38343z o H sk » £ B & £ & B4k M IEEE 383a1
FiERFEKRE o RAMRBZHAMK Y ik & E
ER#HE ARATHEEESE - FHEH - E % TE
ERE S BRITLELEATEL AR T E LT T
F Ao



OIEEE 383m g w2 =42 & m1EC 332 Part 3R B
> [EC 332 Part 33 E L E LY § 8 H 8 2 33
oL A BB EMHERH,EKRA IEC 332 Part 3
Z—#n:jti °©

OIEC Rz &#kiE A L FIC8I4E SBELiFa g
FIHETTFHERM I AR o LAEFLHELF LT~ X
RHERREREFEZE G BEFEERMERE &M~ &
B~ AR RERM o 2 BRASTMHR A #HMIEC &%
AHEEE G  HHTERLABITERARFT ERHALR
Rz EREE - ERABBERTRE I GLEN L
MOE > MEARETE AR LXK 24 E LR
FHAKME—HYBZ o BAELRTITEN I > &
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Foreword

\This foreword is not a part of IEEE Std 383-1974. IEEE Standard for Type Test of Class IE Electric Cables.
Field Splices. and Connections for Nuclear Power Generating Stations.)

The Institute of Electrical and Electronics Engineers has generated this document to provide
guidance for developing a program to type test cables, field splices, and connections and obtain
specific type test data. It supplements IEEE Std 323-1974 Standard for Qualifying Class IE
Equipment for Nuclear Power Generating Stations, which describes basic requirements for equip-
ment qualification.

Each applicant to the Atomic Energy Commission for a license to operate a nuclear power gen-
erating station has the responsibility to assure himself and others that this standard, if used in
whole or part, is pertinent to his application and that the integrated performance of his station is
adequate.

It is the integrated performance of the structures, fluid systems, the electrical systems. the in-
strumentation systems of the station, and, in particular, the plant protection system. that limits
the consequences of accidents. Selsmxc effects on installed cable systems are not within the scope
of this document. N

Section 2 af this guide is an example of type tests. It is the purpose of this guide to deal with
cable and connections; however, at the time of issue, detailed examples of tests for connections
were not available. )

The performance criteria for Class [E service have heen expanding in scope during the prepara-
tion of this document, and the state of the technology has been continually advancing.

This standard will be revised fromn time to time to incorporate the latest information available.
Topics presently under consideration for future inclusion are: (1) aging correlation procedure. (2)
connections, and (3) the corrosive effects from burning cables.

Comments on this document supported by data will be reviewed for later issues.

This standard was prepared by working group 12-32 of the Insulated Conductors' Committee of
the IEEE Power Engineering Society. Members of this group were:

Alfred Garshick, Chairman

Russ Budrow John Ferencik John G. Quin
George S. Buettner Harry Hilberg R. E. Sharp

. Carmen M. Chiappetta Alan S. Hintze Joseph L. Steiner
John Conley Frank E. La Fetra H. K. Stolt
John T. Corbett T.H. Ling J. R. Tuzinski
Edward Donegan Reinhold Luther Chuck vonDamm
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At the time it approved this standard. Subcommittee 2 (Qualification) of the Nuclear Power
Engineering Committee of the IEEE Power Engineering Society had the following membership:

A. J. Simmons, Chairman L. D. Test, Vice Chairman
A. Kaplan, Secretary
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IEEE Standard for Type Test of Class 1K
Eleetric Cables, Field Splices, and Connections for
Nuclear Power Generating Stations

1. General Provisions

1.1 Scope

1.1.1 This standard provides direction for
establishing type tests which may be used in
qualifying Class IE electric cables, field
splices, and other connections for service in
nuclear power generating stations. General
guidelines for qualifications are given in IEEE
Std 323-1974. Standard for Qualifying Class
IE Electric Equipment for Nuclear Power
Generating Stations. Categories of cables cov-
ered are those used for power control and in-
strumentation services. ”
“11.2 Though intended primarily to per-
tain to cable for field installation, this guide
may also be used for the qualification of inter-
nal wiring of manufactured devices.

1.1.3 This guide does not cover cables for
service within the reactor vessel.

1.2 Definitions'

cable type. A cable type for purposes of quali-
fication testing shall be representative of
those cables having the same materials, sim-
ilar construction, and service rating, as manu-
factured by a given manufacturer.

Class IE. The safety classification of the elec-
tric equipment and systems that are essential
to emergency reactor shutdown, containment
isolation, reactor core cooling and con-
tainment, and reactor heat removal or other-
wise are essential in preventing significant re-
lease of radioactive material to the environ-
ment.

connection. A cable terminal, splice, or hostile
environment boundary seal at the interface of
cable and equipment.

!Other delinitions reiated to this document may be
found in IEEE Std 100-1972 {ANSI €42 100-1972). Dic-
tionary oylec(rica] and Electronics Terms, IEEE Std
5323-1574and IEEE 5ud 380-153727 Delinitivns of Terms
Used 1in IEEE Nuclear Power Generating Stations Stan-
dards

containment. That portion of the engineered
safety features designed to act as the principal
barrier, after the reactor system pressure
boundary, to prevent the release, even under
conditions of a reactor accident, of unaccept-
able quantities of radiocactive material beyond
a controlled zone.

design basis events. Postulated abnormal
events used in the design to establish the per-
formance requirements of the structures, sys-
tems, and components (IEEE Std 323-1974).

field splice. A permanent joining and rein-
sulating of conductors in the field to meet the

service conditions required.

installed life. The interval from installation to
removal, during which the equipment or com-
ponent thereof may be subject to design ser-
vice conditions and system demands (IEEE
Std 323-1974).

NOTE: Equipment may have an instatled life of 40 years
with certain components of the equipment changed peri-
odically: thus, the installed life of the components would
be less than 40 years.

qualified life. The period of time for which sat-
isfactory performance can be demonstrated
for a specific set of service conditions. (IEEE
Std 323-1974).

type tests. Tests made on one or more units to
verify adequacy of design (IEEE Std 380-
1972).

1.3 Type Tests As Qualification Method. As
described in IEEE Std 323-1974, type tests are
the preferred method to demonstrate or assist
in demonstrating that electric equipment is
capable of meeting performance requirements
under service conditions which include nor-
mal and design basis event environments. To
perform type tests fer cable. field <nlices, and
connections requires: (1) description (identi-
fication; of cable, (2) description of significant
aspects of the environment, and (3} descrip-
tion of cable performance required. These,
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then, with engineering knowledge and experi-
ence in insulating materials and systems form
a basis for designing type tests to demonstrate
the capabiiities. Qualification of one cable
may permit extrapolation of results to qualify
other cables of the same type, with consid-
eration being given to cable dimensions and
probable modes of failure.

A sample field splice or connection or both
must be type tested with the cable to demon-
strate its electrical, mechanical, and chemical
compatibility in the environments.

1.3.1 Cable Description. This description or
specification should include as a minimum:

1.3.1.1 Conductor — material identi-
fication, size, stranding, coating.
1.3.1.2 Insulation — material identi-

fication, thickness, method of application.

1.3.1.3 Assembly . (multiconductor cables
only) — number and arrangement of con-
ductors, fillers, binders.

1.3.1.4 Shielding — tapes, extrusions,
braids, or others.

1.3.1.5 Covering — jacket or metallic ar-
mor or both, material identification, thick-
ness, method of application.

1.3.1.8 Characteristics — voltage and
temperature rating (normal and emergency).
For instrumentation cables — capacitance,
attenuation, characteristic impedance, micro-
phonics, insulation resistance, as applicable.

1:3.1.7 Identification — manufacturer’s
trade name, catalog number.

1.3.2 Field Splice or Connection Description
or Both, This description or specification
should include as a minimum:

1.3.2.1 Whether factory or field assem-
bled to cable.

1.3.2.2 Conductor connection — type,
material identification, and method of assem-
bly.

1.3.2.3 Items from Sections 1.3.1.2
through 1.3.1.7.

1.3.3 Uescription of Significant Environ-
mental Conditions. Both normal operating
and design basis event conditions, as well as
their sequence and duration. are relevant for
type testing. Separate requirements for post
design basis event conditions may be required
in recognition of momentary or accumulative
changes in material properties due to aging,
radiation. heat, and steam exposure. Environ-
mental factors, the limits of which may be sig-
nificant to the cable’s operation are as follows:

TYPE TEST OF CLASS IE

1.3.3.1 Atmosphere. Maximum and aver-

age ambient or normal operation condition
and design basis event condition or profile for
the following:

(1) Gas composition and velocity

(2) Moisture content .

(3) Temperature

(4) Pressure

1.3.3.2 Radiation.

(1) Normal dose rate and type

(2) Total normal installed life dosage

(3) Design basis event dose rate. Maximum
dose rate and approximate profile

(4) Total design basis event dosage

(5) Total for the installed life plus design
basis event

1.3.3.3 Chemicals

(1} Type of chemicals and concentration

(2) Spray or immersion rate and time

(3) Temperature of exposure

1.3.3.4 Mechanical. Normal operating
condition and design basis event condition for
the following:

(1) Bending or flexing

(2) Vibration

(3) Tension

(4) Sidewall pressure

1.3.3.5 Fire

1.3.4 Operating Requirements

1.3.4.1 Meeting Service Conditions. The
cable, as installed. should be suitable for oper-
ation at maximum ambient temperature.
radiation, and atmospheric conditions and
normal electrical and physical stresses for its
installed life, as specified. Evidence of this
suitability may be based on compliance with
appropriate published industry standards.
past documented operating experience, com-
ponent tests, or a combination of these.

The total station may be subdivided into
zones with substantially different ambient
conditions, and if segregation of cables to cer-
tain areas is assured. a cable need only be suit-
able for meeting service conditions in those
zones in which it is located.

1.3.4.2 Design Basis Event Conditions

for Qualifying Cables
1.3.4.2.1 Design Basis Event — Loss-
of-Coolant Accident (LOCA) (for cables in
containment only). The cable, field splices.
and connections should throughout their nor-
mal lives be capable of operating through
postulated environmental conditions re-
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sulting frorn a LOCA. Conditions of loading
and signal levels shall be assumed to be those
most unfavorable for cable operation which
may be anticipated under such circumstances.
1.3.4.2.2 Design Basis Fvent — Fire.
The cable should not propagate fire under
conditions of installation.
1.3.4.2.3 Other Design Basis Evenls.
These should also be considered in case they
represent different types or more severe haz-
ards to cable operation.
1.3.5 Type Test Conditions and Sequences
1.3.5.1 General. Type tests are used pri-
marily to indicate that the cables, field
splices, and connections can perform under
the conditions of a design basis event. Because
the design basis events may occur at any time
in the station life, the thermal and radiation
aging required in type tests to simulate these
conditions may at the same time indicate the
ability of cable types to operate under the nor-
mal service conditions within the station.
1.3.5.2 Aging. The effect of normal oper-
ating conditions with time may either add to
or reduce the ability of cable, field splices. and
connections to withstand the extreme envi-
ronments and loads imposed during and fol-
lowing a design basis event. Thus. the type
testing far design basis event conditions shall
involve toth aged and nonaged samples. Ag-
ing pertains to temperature, radiation, and at-
mospheric effects applied in sequence or si-
multaneously in an accelerated manner.
The basis for establishing time and temper-
" ature conditions for aging of samples to simu-
‘late their qualified life may be that of Ar-
rhenius plotting (JIEEE Std 1-1969. General
Principles for Temperature Limits in the Rat-
ing of Electric Equipment, IEEE Std 98-1972,
Guide fo- the Preparation of Test Procedures
for the Thermal Evaluation and Estab-
lishment of, Temperature Indices of Solid
Electrical Insulating Materials, IEEE Std 99-
1970, Guide for the Preparation of Test Proce-
dures for the Thermal Evaluation of Insula-
tion Systems for Electric Equipment, and
IEEE Std 101-1972. Guide for Statistical
Analysis of Thermal Life Test Data) or other
method of proven validity and applicability
for the miaterials in question.
1.3.9.3 Test Design Basis FEvent. Type
tests for de<ign basis event conditions should
consist of subjecting nonaged and aged cables.
field splices, and connections to a sequence of
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environmental extremes which simulate the
most severe postulated conditions of a design
basis event and specified conditions of instal-
lation. Type tests shall demonstrate margin
by application of multiple transients, in-
creased level, or other justifiable means. Satis-
factory performance of the cable will be eval-
uated by electrical and physical measure-
ments appropriate to the type of cable during
or following the environmental ¢ycle or both.

The values of pressure, temperature, radi-
ation, chemical concentrations, humidity,
and time in Section 2 do not represent accept-
“able limitations for all nuclear power stations.
The user of this guide should assure that the
values used in the required type tests repre-
sent acceptable limits for the service condi-
tions in which the cable or connections will be
installed.

1.4 Documentation
1.4.1 General. Type test data used to dem-

onstrate the qualification of cables should be
organized in an auditable form. The docu-
mentation should include:

1.4.1.1 Description or specification of
cable.

1.4.1.2 Description or specification of
field splice or connection.

1.4.1.3 Identification of the specific envi-
ronmental features.

1.4.1.4 Identification of the specific per-
formance requirements to be demonstrated.

1.4.1.5 The test program cutline.

1.4.1.6 The test results.

1.4.1.7 Approving signature and date.

1.4.2 Test Program Qutline. For cable and

connections, this outline shall include:

1.4.2.1 The physical arrangement of the
cable and test equipment description.

1.4.2.2 Time program and sequence of all
environmental factors.

1.4.2.3 The type and location of all envi-
ronmental and cable monitoring sensors for
each variable.

1.4.2.4 The voltages or currents pro-
grammed in conjunction with Section 1.4.2.1
above.

1.4.2.5 The electrical. thermal, or me-
chanical tests to be performed during environ-
mental exposure.

1.4.2.6 Testing or examinations sub-
sequent to environmental cycle.
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1.4.3 Test Results. Test results should dem-

onstrate that:

1.4.3.1 The intended environmental se-
quences were achieved.

1.4.3.2 The cable or field splice (or con-
nection) or both was capable of performing its
intended function.

1.4.4 Test FEvaluation. An evaluation of
data should be made to demonstrate the ad-
equacy of cable performance as outlined in
Section 1.4.1.4.

1.5 Modifications. When modification in the
materials or design of cables or in the condi-
tions of installation or in the postulated envi-
ronments are made, prior type tests shall be
reviewed to determine the effect on the cable
qualification. This evaluation shall indicate
whether ar not new type tests are required.
The analysis of data and evaluation that dem-
onstrates the effect of the modification on the
equipment performance shall be added to the
qualification documentation.

2. Examples of Type Tests

2.1 Introduction. Type tests described in this
document are examples of methods which
may be used to qualify electrical cables, field
splices and connections for use in nuclear
power generating stations. Tests of the cable
or connection assembly, as applicable, should
then suppiement the cable tests in order to
qualify the connections and other aspects
unique to planned usage.

The values of pressure, temperature, radi-
ation, chemical concentrations, humidity,
and time used do not represent acceptable
limits for all nuclear power generating sta-
tions. The user of this guide should assure
that the values used in the required type tests
represent acceptable limits for the service con-
ditions in which the cable or connections. or
both will be installed.

Results of prior tests that are being used as
the bases for the present tests should be refer-
enced in the documentation.

2.2 Type Test Samples. The samples tested
should contain the conductor, insulation. fill-
ers, Jacket, binder tape, overall jacket, shield-
ing. and field splices which are representative
of the cable category being qualified. Table 1
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lists sizes which have been considered repre-
sentative of these categories. The sample
lengths should be sufficient to permit reliable
test readings and evaluation consistent with
good testing practice.

2.3 Testing to Qualify for Normal Operation
2.3.1 Temperature and Moisture Resist-
ance. Evidence of qualification for normal op-
eration may be demonstrated by providing
certified evidence that the cable has been
manufactured and tested and passed in accor-
dance with the provisions of one or more of the
following industry standards or criteria.

ANSI (C83.21-1972 Requirements for Solid
Dielectric Transmission Lines

ANSI C96.1-1964 {(R1969) Temperature Mea-
surement Thermocouples

ANSI C1-1971 National Electrical Code,
NFPA 70-1971, Sections on Types RHH,
RHW, and XHHW ¢

IPCEA S-19-81 Rubber-Insulated Cable

IPCEA S-66-524 Cross-Linked-Polyethylene-
Insulated Cable -

IPCEA S-68-516 Interim Standards for Eth-
yvlene-Propylene-Rubber-Insulated Wire
and Cable. Number 1, Cables Rated
0-35000 V. Number 2, Cables Rated 2000V,
Integral Insulation and Jacket.

AEIC 5-71 Specifications for Polyethylene
and Cross-Linked-Polyethylene-Insulated,
Shielded Power Cables rated 5000-35000 V

AEIC 6-73 Specifications for Ethylene-Propy-
lene-Rubber-Insulated Shielded Power
Cables Rated 5-46 kV
2.3.2 Long-Term Physical Aging Proper-

ties. Aging data should be submitted to estab-

lish long-term performance of the insulation.

Data may be evaluated using the Arrhenius

technique. A minimum of 3 data points, in-

cluding 136 °C and two or more others at least
10°C apart in temperature, should be used.
2.3.3 Thermal and Radiation Exposure.

The following test sequence may be used to

demonstrate that the cable will be operational

after exposure to simulated thermal and radi-
ation aging.

-Cable types RHH, RHW. and XHHW, as specified
in the National Electrical Code should meet the re-
quirements established by the applicable standards of
Underwriters’ Laboratories. Inc or other recognized
agencies.
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Table 1
Represensentative Cables for Type Tests
Type Test Section Size
Up to 2000 V multiconductor temperature and moisture 2.3.1 1/C—140r 12 AWG
control cable or resistance
Shielded multicoyductor
signal cable {see list below for thermal and radiation 2.3.3 1/Cor M/C—
individual component) or exposure 14 or 12 AWG
Single conductor power cable design basis event 24 1/C or M/C —
simulation 14 or 12 AWG
1/C—6,4 or 2 AWG
vertical flame test 2.5.6 1/C—14 or12 AWG
singles from cable
assembly
vertical tray flame test 254 7/C—16,14 or 12 AWG
Shielded pairs, triple or temperature and moisture 2.3.1 1 pair shielded
quad from multiconductor resistance 16 AWG or actual cable
signal cable thermal and radiation 2.3.3
exposure
design basis event 24
simulation
vertical flame test 2.5.6
Coaxial, triaxiel or temperature and moisture 23.1 actual size
special instrument cable resistance
thermal and radiation 2.3.3
exposure
design basis event 2.4
simulation
vertical flame test 2.5.6
singles from cable
assembly
Single pair thermocouple temperature and moisture 2.3.1 2/C — 20 AWG or actual
extension cable resistance size if smaller
therma!l and radiation 233
exposure
design basis event 2.4
simulation
vertical tray flame test 2.5.4
vertical flame test singles 2.5.6
from cable assembly
2001—15 000 V power cable vertical tray flame test 2.5.4 6 AWG (2-5kV)
1/C triplexed and multiconductor 210 0r 4/0 or
470 (2-15kV)

2.3.3!1 Form suitable lengths of insu-
lated conductor which conform to the appli-
cable standards into test coils so that the ef-
fective section of each coil under test will be
not less than 10 ft.

2.3.3.2 Subject the coils to circulating air
oven aging t a temperature and time devel-
oped by plotting data using the Arrhenius
technique or other method of proven validity
to sirmuiated installed life.

2.3.3.3 The specimens with conditioning
as covered in Section 2.3.3.2 should be sub-

jected in air to gamma radiation from a source
such as **Co to a dosage of 5 x 107 rd at a rate
not greater than 1 x 10°® rd per hour.

2.3.3.4 After the radiation exposure of
Section 2.3.3.3 the specimen should be
straightened and recoiled with an inside
diameter of approximately 20 times the cable
overall diameter and immersed in tap water at
room temperature. While still immersed.
these specimens should pass, a voltage with-
stand test for & minutes at a potential of 80
V/mil ac or 240 V/mil de.



2.4 Testing for Operation During Design
Basis Event
2.4.1 General. This section is predicated
upon a loss of coolant accident (LOCA) but
not necessarily limited thereto.
Prepare two sets of specimens in accordance
with the following.
2.4.1.1 One set to be unaged.
2.4.1.2 The other set to be heat aged
specimens in accordance with Sectlons 2.3.3.1
and 2.3.3.2.

NOTEx The requirements of Sections 2.3.3.3 and 2.3.3.4
may be omitted if Section 2.4 is followed as a xuide since
the requirements of Section 2.4 exceed those of Sections
2.3.3.3 and 2.3.3.4.

2.4.2 Radtation Exposure — Total. Ex-
posure specimens to the maximum total cum-
ulative radiation dosage expected over the in-
stalled life 1see Section 2.3.3.3) plus one
LOCA exposure to radiation for the particular
installation involved as covered in IEEE Std
323-1974 Appendix A or B. The rate of ex-
posure shall not be greater than 1 x 10" rd per
hour. This restriction is removed when simu-
lation of the LOCA profile requires a greater
dose rate.

2.4.3 LOCA Simulation. Test irradiated
specimens in a pressure vessel so 7c_on>tructed
that the specimens can be opérated under
rated voltage and load \_x’h;lew
exposed to the pressure, temperature, humid-
ity and chemical spray of a LOCA event.
Chamber designs should have provisions for
monitoring and varying temperature and
stearn pressure, for recycling chemical spray.
and for electrically loading the specimens as
specified herein.

2.4.3.1 After conditioned specimens are
installed inside the pressure vessel they
should be energized at rated voltage and
loaded with rated service current while under
the average normal operating condition. The
energized specimens should be exposed to one
cycle of the environmental extremes accord-
ing to the schedule postulated for the particu-
lar installation, see IEEE Std 323-1974.

2.4.3.2 The cable should function eclec-
trically throughout its exposure to the envi-
ronmental ex:remes within the specified elec-
trical parameters.

2.4.4 Post LOCA Simulation Test. Upon
completion of the LOCA simulation. the spec-

imens should be straightened and recoiled
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around a metal mandrel with a diameter of
approximately 40 times the overall cable
diameter and immersed in tap water at room
temperature. While still immersed. these spec-
imens should again pass the same voltage
withstand test performed under Section
2.3.3.4.

NOTE: The post LOCA simulation test demonstrates an
adequate margin of safety by requiring mechanical dura-
bility (mandrel bend) following the environmental simu-
tation and is more severe than exposure to two cycles of
the environment.

2.5 Flame Tests
2.5.1 General. This section describes the
method for type testing of grouped cables via
the vertical tray flame test to determine their
relative ability to resist fire.
2.5.2 Criteria
2.5.2.1 The fire test should demonstrate
that the cable does not propagate fire even if
its outer covering and insulation have been
destroyed in the area of flame impingement.
2.5.2.2 The fire test should approximate
installed conditions and should provide con-
sistent results.
2.5.3 Test Specimens
2.5.3.1 The tests proposed are for power,
control, and instrumentation cables.
2.5.3.2 Sizes recommended for type tests
may be as listed in Table 1 but not necessarily
limited thereto.
2.5.4 Fire Test Facility and Procedure
2.5.4.1 Test should be conducted in a
naturally ventilated room or enclosure free
from excessive drafts and spurious air cur-
rents.
2.5.4.2 The vertical tray configuration is
recommended as the best arrangement to es-
tablish whether or not a cable could propagate
a fire. The tray should be a vertical, metal.
ladder type, 3 in deep, 12 in wide. and 8 ft
long. The tray may be bolted at the bottom to
a length of horizontal tray for support.
2.5.4.3 Test sample arrangement — mul-
tiple lenvths of cable should be arranged in a
single layer filling at least the center six inch
portion of the tray with a separation of ap-
£.2 the cable diameter between
The test should be conducted 3
times to demonstrate reproducibility
different samples of cahle.
O =

proximately
each cable

using

> when specified, the

-ttt Flame sour

ture detaifed b

Ted Beluw Shail be followed:
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10 wide. 11-55 Drilling
Ribbon Burner Modified
Zero-
Pressure

Governor
Opuonal for Gas

Pressure Contro!
Natural

or Propane
Gas
Source

Air-Gas Mixer

Water
Manometers
Supply Side A

Water
Manometer

Air Inlet B Compressed air

(oil-free and dry}

Air regulator
and valve.

NOTE: All pressures measured under dynamic conditions.

A Schematic Drawing

\ N\
RaN \
Menometer
Ports
8-32 Nut Soldered L, /
) : /, |

to0 8-32 Stud

8-32 Nut Soldered
to Cover Plate

g
&> 1/4 Spring [Approx
inch Dimensions)
0D .200 inch

Free Longth. 1 Inch
Wire Size 018 Inch
12 Turns
Cover Plate Last Turn Formed

to a Paint

B Detail Drawing of Zero
Pressure Governor Modification
Fig 1
Flame Source

2.5.4.4.1 The ribbon gas burner’ shall
be mounted horizontally such that the flame
impinges on the specimen midway between
the tray rungs, and so that the burner face s 3

in behind and approximately
bottom of the vertical tray. Because of its uni-
form heat content natural grade propane is
preferred to commercial gas.
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2 ft above the

2.5.4.4.2 The flame temperature

“An American Gas Furnace Co 101in, 11-535 drilling. rib-
bon tvpe. cataiog no JUX 11-55 with an ar-gas Venturt
mixer, cgtalag no 14-18 (2 th{ in‘ max eaure pressure) is
the only presently available model that has been found
satisfactory for purposes of these tests

should be approximately 1500°F when mea-
sured by a thermocoupie focated in the fQaine
close o, but not touctiing the surface of the
test specimens {(about 1/8 in spacing).
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STER L

sTEP Y
FOLD CORNERS
M TO CENTER

COPPER :
wIRES

STERS
FOLD 1 THIRDS wRAS
THIN COPPER WIRE AT

EACH AXIS TO RETAIN SHAPE
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sTEP 3
FOLD CORMERS tH
TO CENTER

STEP 4
FOLD (M MALF

NOTE: All dimensions are in inches.

Fig 2
Burlap Folding Sequence

2.5.4.4.3 For the schematic arrange-
ment see Fig 1. Under dynamic conditions, if

propane gas_is_used the pressure shall be .

?,6:0,3 cm of water at the supply side A to
the Venturi mixer. If commercial gas is used
the pressure shall be ~0.9x0.1 ¢cm of water
when measured at the supply side of the Ven-
turt mixer. For propane gas. the air pressure
should be 4.3+=0.5 ¢cm of water. For commer-
cial gas it shall be 5.6+ 0.5 cm of water, mea-
sured at *he air inlet B to the mixer. In prac-
tice the flame length will be approximately 15
in when measured along its path.

2.5.4.4.4 Gas-burner procedure — ig-
nite the burner and allow it to burn for 20
minutes. Record temperatures at point of im-
pingement throughout the duration of the
test, length of time flame continues to burn af-
ter gas burner is shut off, jacket char distance,
and distance insulation is damaged.
2.5.4.5 Alternative flame source, oil or
burlap — when specified, the procedure de-
tatled below shall be followed.

2.5.4.5.1 Use a 24 in square piece of 9
oz per square yard burlap. folded as shown in
Fig 2 into a bundle 4 in x 4 in x 6 in. Wrap
with fine copper wire as shown, to retain the
shape of the bundle. Immerse in a container of
oil* for 5 minutes. Remove, hang free in air,
allow to drain for approximately 15 minutes.
The burlap ignitor i1s weighed before im-
mersion and after draining, and the fuel pick-
up should be 160x5 g. The repeatability of
this test is derived from constant fuel pickup
in ignitors of constant size and weight. Tem-
perature should be monitored at point of max-
imum flame impingement upon the test ca-
bles.

2.5.4.5.2 After draining. the ignitor
should be placed in front of and approximate-
ly 2 ft above the bottom of the tray with the
4in x 6in face of the ignitor held in place
against the cables by a suitable metal wire or

band.

*Such as Mobilect 33.
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2.5.4.5.3 Ignite the oil soaked burlap.
The applied flame should be allowed to burn
itself out naturally.

2.5.5 Evaluation. Cables which propagate
the flame and burn the total height of the tray
above the flame source fail the test. Cables
which self-extinguish when the flame source is
removed or burn out pass the test. Cables
which continue to burn after the flame source
is shut off or burns out should be allowed to
burn in order to determine the extent.

2.5.6 Instrument Cable and Single Con-
ductors from Multiconductor Assembly. A
specimen ¢f each type of instrument cable or
the ind:vidually insulated or insulated and
jacketed conductors removed from each mul-
ticonductor control cable which is type tested
should pass a flame resistance test in accor-
dance with ASTM D2220-68, Vinyl Chloride
Plastic Insulation for Wire and Cable, Section
5 (IPCEA Standard S-19-81, Section 6.19.6),
except the weight may be omitted if the speci-
men is securely clamped.

2.6 Documentation of Type Testing. Follow-
ing the procedures outlined in this guide, pro-
vide data necessary to document satisfactory
compliance. Certification of prior test results
will be provided when required.

Section

2.3.1 Temperature and Moisture

2.3.2 Long-Term Physical Aging Properties
2.3.3 Thermal and Radiation Exposure

2.4 Testing for Operation During Design
Basis Event (LOCA)

Flame Test on Grouped Cables in Verti-
cal Tray

Flame Test on Single Conductor

2.5.1
2.5.6
3. References

IEEE Std 1-1969, General Principles for Tem-

IEEE
Std 383-1974

perature Limits in the Rating of Electric
Equipment
1EEE Std 98-1972, Guide for the Preparation
of Test Procedures for the Thermal Eval-
uation, and Establishment of Temperature
Indices of Solid Electrical Insulating Materi-
als
IEEE Std 99-1970, Guide for the Preparation
of Test Procedures for the Thermal Eval-
uation of Insulation Systems for Electric
Equipment
IEEE Std 100-1972 (ANSI C42.100-1972).
Dictionary of Electrical and Electronics
Terms
IEEE Std 101-1972, Guide for the Statistical
Analysis of Thermal Life Test Data
IEEE Std 279-1971 (ANSI N42.7-1972). Cri-
teria for Protection Systems for Nuclear Pow-
er Generating Stations
IEEE Std 308-1974, IEEE Standard Criteria
for Class IE Power Systems for Nuclear Power
Generating Stations

VIEEE Std 317-1971, Electrical Penetration
Assemblies in Containment Structures for
Nuclear Power Generating Stations
IEEE Std 323-1974, Standard for Qualifying
Class IE Electric Equipment for Nuclear
Power Generating Stations
IEEE Std 334-1971, Type Tests of Continuous
Duty Class 1 Motors Installed Inside the Con-
tainment of Nuclear Power Generating Sta-
tions .
IEEE Std 336-1972 (ANSI N45.2.4-1972), In-
stallation, Inspection, and Testing Require-
ments for Instrumentation and Electric
Equipment During the Construction of Nu-
clear Power Generating Stations

VIEEE Std 380-1972. Definitions of Terms
Used in IEEE Nuclear Power Generating Sta-
tions Standards
ASTM D2220-68, Vinyl Chloride Plastic Insula-
tion for Wire and Cable



IEEE 383




1EEE
Std 383-1974

IEEE Standard for Type Test of Class IE
Electric Cables, Field Splices, and Connections for
Nuclear Power Generating Stations

Sponsor

Nuclear Power Engineering Committee of the
1IEEE Power Engineering Society

@ Copyright 1974 by
The Institute of Electrical and Electronics Engineers, Inc,

Noopart of the publicetion may be reproduced 1n any form,
i o electronsc retricval system or otherwise,
without the priorwrdten permission of the publisher



Foreword

\This foreword is not a part of IEEE Std 383-1974. IEEE Standard for Type Test of Class IE Electric Cables.
Field Splices. and Connections for Nuclear Power Generating Stations.)

The Institute of Electrical and Electronics Engineers has generated this document to provide
guidance for developing a program to type test cables, field splices, and connections and obtain
specific type test data. It supplements IEEE Std 323-1974 Standard for Qualifying Class IE
Equipment for Nuclear Power Generating Stations, which describes basic requirements for equip-
ment qualification.

Each applicant to the Atomic Energy Commission for a license to operate a nuclear power gen-
erating station has the responsibility to assure himself and others that this standard, if used in
whole or part, is pertinent to his application and that the integrated performance of his station is
adequate.

It is the integrated performance of the structures, fluid systems, the electrical systems. the in-
strumentation systems of the station, and, in particular, the plant protection system. that limits
the consequences of accidents. Selsmxc effects on installed cable systems are not within the scope
of this document. N

Section 2 af this guide is an example of type tests. It is the purpose of this guide to deal with
cable and connections; however, at the time of issue, detailed examples of tests for connections
were not available. )

The performance criteria for Class [E service have heen expanding in scope during the prepara-
tion of this document, and the state of the technology has been continually advancing.

This standard will be revised fromn time to time to incorporate the latest information available.
Topics presently under consideration for future inclusion are: (1) aging correlation procedure. (2)
connections, and (3) the corrosive effects from burning cables.

Comments on this document supported by data will be reviewed for later issues.
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IEEE Standard for Type Test of Class 1K
Eleetric Cables, Field Splices, and Connections for
Nuclear Power Generating Stations

1. General Provisions

1.1 Scope

1.1.1 This standard provides direction for
establishing type tests which may be used in
qualifying Class IE electric cables, field
splices, and other connections for service in
nuclear power generating stations. General
guidelines for qualifications are given in IEEE
Std 323-1974. Standard for Qualifying Class
IE Electric Equipment for Nuclear Power
Generating Stations. Categories of cables cov-
ered are those used for power control and in-
strumentation services. ”
“11.2 Though intended primarily to per-
tain to cable for field installation, this guide
may also be used for the qualification of inter-
nal wiring of manufactured devices.

1.1.3 This guide does not cover cables for
service within the reactor vessel.

1.2 Definitions'

cable type. A cable type for purposes of quali-
fication testing shall be representative of
those cables having the same materials, sim-
ilar construction, and service rating, as manu-
factured by a given manufacturer.

Class IE. The safety classification of the elec-
tric equipment and systems that are essential
to emergency reactor shutdown, containment
isolation, reactor core cooling and con-
tainment, and reactor heat removal or other-
wise are essential in preventing significant re-
lease of radioactive material to the environ-
ment.

connection. A cable terminal, splice, or hostile
environment boundary seal at the interface of
cable and equipment.

!Other delinitions reiated to this document may be
found in IEEE Std 100-1972 {ANSI €42 100-1972). Dic-
tionary oylec(rica] and Electronics Terms, IEEE Std
5323-1574and IEEE 5ud 380-153727 Delinitivns of Terms
Used 1in IEEE Nuclear Power Generating Stations Stan-
dards

containment. That portion of the engineered
safety features designed to act as the principal
barrier, after the reactor system pressure
boundary, to prevent the release, even under
conditions of a reactor accident, of unaccept-
able quantities of radiocactive material beyond
a controlled zone.

design basis events. Postulated abnormal
events used in the design to establish the per-
formance requirements of the structures, sys-
tems, and components (IEEE Std 323-1974).

field splice. A permanent joining and rein-
sulating of conductors in the field to meet the

service conditions required.

installed life. The interval from installation to
removal, during which the equipment or com-
ponent thereof may be subject to design ser-
vice conditions and system demands (IEEE
Std 323-1974).

NOTE: Equipment may have an instatled life of 40 years
with certain components of the equipment changed peri-
odically: thus, the installed life of the components would
be less than 40 years.

qualified life. The period of time for which sat-
isfactory performance can be demonstrated
for a specific set of service conditions. (IEEE
Std 323-1974).

type tests. Tests made on one or more units to
verify adequacy of design (IEEE Std 380-
1972).

1.3 Type Tests As Qualification Method. As
described in IEEE Std 323-1974, type tests are
the preferred method to demonstrate or assist
in demonstrating that electric equipment is
capable of meeting performance requirements
under service conditions which include nor-
mal and design basis event environments. To
perform type tests fer cable. field <nlices, and
connections requires: (1) description (identi-
fication; of cable, (2) description of significant
aspects of the environment, and (3} descrip-
tion of cable performance required. These,
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then, with engineering knowledge and experi-
ence in insulating materials and systems form
a basis for designing type tests to demonstrate
the capabiiities. Qualification of one cable
may permit extrapolation of results to qualify
other cables of the same type, with consid-
eration being given to cable dimensions and
probable modes of failure.

A sample field splice or connection or both
must be type tested with the cable to demon-
strate its electrical, mechanical, and chemical
compatibility in the environments.

1.3.1 Cable Description. This description or
specification should include as a minimum:

1.3.1.1 Conductor — material identi-
fication, size, stranding, coating.
1.3.1.2 Insulation — material identi-

fication, thickness, method of application.

1.3.1.3 Assembly . (multiconductor cables
only) — number and arrangement of con-
ductors, fillers, binders.

1.3.1.4 Shielding — tapes, extrusions,
braids, or others.

1.3.1.5 Covering — jacket or metallic ar-
mor or both, material identification, thick-
ness, method of application.

1.3.1.8 Characteristics — voltage and
temperature rating (normal and emergency).
For instrumentation cables — capacitance,
attenuation, characteristic impedance, micro-
phonics, insulation resistance, as applicable.

1:3.1.7 Identification — manufacturer’s
trade name, catalog number.

1.3.2 Field Splice or Connection Description
or Both, This description or specification
should include as a minimum:

1.3.2.1 Whether factory or field assem-
bled to cable.

1.3.2.2 Conductor connection — type,
material identification, and method of assem-
bly.

1.3.2.3 Items from Sections 1.3.1.2
through 1.3.1.7.

1.3.3 Uescription of Significant Environ-
mental Conditions. Both normal operating
and design basis event conditions, as well as
their sequence and duration. are relevant for
type testing. Separate requirements for post
design basis event conditions may be required
in recognition of momentary or accumulative
changes in material properties due to aging,
radiation. heat, and steam exposure. Environ-
mental factors, the limits of which may be sig-
nificant to the cable’s operation are as follows:
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1.3.3.1 Atmosphere. Maximum and aver-

age ambient or normal operation condition
and design basis event condition or profile for
the following:

(1) Gas composition and velocity

(2) Moisture content .

(3) Temperature

(4) Pressure

1.3.3.2 Radiation.

(1) Normal dose rate and type

(2) Total normal installed life dosage

(3) Design basis event dose rate. Maximum
dose rate and approximate profile

(4) Total design basis event dosage

(5) Total for the installed life plus design
basis event

1.3.3.3 Chemicals

(1} Type of chemicals and concentration

(2) Spray or immersion rate and time

(3) Temperature of exposure

1.3.3.4 Mechanical. Normal operating
condition and design basis event condition for
the following:

(1) Bending or flexing

(2) Vibration

(3) Tension

(4) Sidewall pressure

1.3.3.5 Fire

1.3.4 Operating Requirements

1.3.4.1 Meeting Service Conditions. The
cable, as installed. should be suitable for oper-
ation at maximum ambient temperature.
radiation, and atmospheric conditions and
normal electrical and physical stresses for its
installed life, as specified. Evidence of this
suitability may be based on compliance with
appropriate published industry standards.
past documented operating experience, com-
ponent tests, or a combination of these.

The total station may be subdivided into
zones with substantially different ambient
conditions, and if segregation of cables to cer-
tain areas is assured. a cable need only be suit-
able for meeting service conditions in those
zones in which it is located.

1.3.4.2 Design Basis Event Conditions

for Qualifying Cables
1.3.4.2.1 Design Basis Event — Loss-
of-Coolant Accident (LOCA) (for cables in
containment only). The cable, field splices.
and connections should throughout their nor-
mal lives be capable of operating through
postulated environmental conditions re-
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sulting frorn a LOCA. Conditions of loading
and signal levels shall be assumed to be those
most unfavorable for cable operation which
may be anticipated under such circumstances.
1.3.4.2.2 Design Basis Fvent — Fire.
The cable should not propagate fire under
conditions of installation.
1.3.4.2.3 Other Design Basis Evenls.
These should also be considered in case they
represent different types or more severe haz-
ards to cable operation.
1.3.5 Type Test Conditions and Sequences
1.3.5.1 General. Type tests are used pri-
marily to indicate that the cables, field
splices, and connections can perform under
the conditions of a design basis event. Because
the design basis events may occur at any time
in the station life, the thermal and radiation
aging required in type tests to simulate these
conditions may at the same time indicate the
ability of cable types to operate under the nor-
mal service conditions within the station.
1.3.5.2 Aging. The effect of normal oper-
ating conditions with time may either add to
or reduce the ability of cable, field splices. and
connections to withstand the extreme envi-
ronments and loads imposed during and fol-
lowing a design basis event. Thus. the type
testing far design basis event conditions shall
involve toth aged and nonaged samples. Ag-
ing pertains to temperature, radiation, and at-
mospheric effects applied in sequence or si-
multaneously in an accelerated manner.
The basis for establishing time and temper-
" ature conditions for aging of samples to simu-
‘late their qualified life may be that of Ar-
rhenius plotting (JIEEE Std 1-1969. General
Principles for Temperature Limits in the Rat-
ing of Electric Equipment, IEEE Std 98-1972,
Guide fo- the Preparation of Test Procedures
for the Thermal Evaluation and Estab-
lishment of, Temperature Indices of Solid
Electrical Insulating Materials, IEEE Std 99-
1970, Guide for the Preparation of Test Proce-
dures for the Thermal Evaluation of Insula-
tion Systems for Electric Equipment, and
IEEE Std 101-1972. Guide for Statistical
Analysis of Thermal Life Test Data) or other
method of proven validity and applicability
for the miaterials in question.
1.3.9.3 Test Design Basis FEvent. Type
tests for de<ign basis event conditions should
consist of subjecting nonaged and aged cables.
field splices, and connections to a sequence of
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environmental extremes which simulate the
most severe postulated conditions of a design
basis event and specified conditions of instal-
lation. Type tests shall demonstrate margin
by application of multiple transients, in-
creased level, or other justifiable means. Satis-
factory performance of the cable will be eval-
uated by electrical and physical measure-
ments appropriate to the type of cable during
or following the environmental ¢ycle or both.

The values of pressure, temperature, radi-
ation, chemical concentrations, humidity,
and time in Section 2 do not represent accept-
“able limitations for all nuclear power stations.
The user of this guide should assure that the
values used in the required type tests repre-
sent acceptable limits for the service condi-
tions in which the cable or connections will be
installed.

1.4 Documentation
1.4.1 General. Type test data used to dem-

onstrate the qualification of cables should be
organized in an auditable form. The docu-
mentation should include:

1.4.1.1 Description or specification of
cable.

1.4.1.2 Description or specification of
field splice or connection.

1.4.1.3 Identification of the specific envi-
ronmental features.

1.4.1.4 Identification of the specific per-
formance requirements to be demonstrated.

1.4.1.5 The test program cutline.

1.4.1.6 The test results.

1.4.1.7 Approving signature and date.

1.4.2 Test Program Qutline. For cable and

connections, this outline shall include:

1.4.2.1 The physical arrangement of the
cable and test equipment description.

1.4.2.2 Time program and sequence of all
environmental factors.

1.4.2.3 The type and location of all envi-
ronmental and cable monitoring sensors for
each variable.

1.4.2.4 The voltages or currents pro-
grammed in conjunction with Section 1.4.2.1
above.

1.4.2.5 The electrical. thermal, or me-
chanical tests to be performed during environ-
mental exposure.

1.4.2.6 Testing or examinations sub-
sequent to environmental cycle.
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1.4.3 Test Results. Test results should dem-

onstrate that:

1.4.3.1 The intended environmental se-
quences were achieved.

1.4.3.2 The cable or field splice (or con-
nection) or both was capable of performing its
intended function.

1.4.4 Test FEvaluation. An evaluation of
data should be made to demonstrate the ad-
equacy of cable performance as outlined in
Section 1.4.1.4.

1.5 Modifications. When modification in the
materials or design of cables or in the condi-
tions of installation or in the postulated envi-
ronments are made, prior type tests shall be
reviewed to determine the effect on the cable
qualification. This evaluation shall indicate
whether ar not new type tests are required.
The analysis of data and evaluation that dem-
onstrates the effect of the modification on the
equipment performance shall be added to the
qualification documentation.

2. Examples of Type Tests

2.1 Introduction. Type tests described in this
document are examples of methods which
may be used to qualify electrical cables, field
splices and connections for use in nuclear
power generating stations. Tests of the cable
or connection assembly, as applicable, should
then suppiement the cable tests in order to
qualify the connections and other aspects
unique to planned usage.

The values of pressure, temperature, radi-
ation, chemical concentrations, humidity,
and time used do not represent acceptable
limits for all nuclear power generating sta-
tions. The user of this guide should assure
that the values used in the required type tests
represent acceptable limits for the service con-
ditions in which the cable or connections. or
both will be installed.

Results of prior tests that are being used as
the bases for the present tests should be refer-
enced in the documentation.

2.2 Type Test Samples. The samples tested
should contain the conductor, insulation. fill-
ers, Jacket, binder tape, overall jacket, shield-
ing. and field splices which are representative
of the cable category being qualified. Table 1
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lists sizes which have been considered repre-
sentative of these categories. The sample
lengths should be sufficient to permit reliable
test readings and evaluation consistent with
good testing practice.

2.3 Testing to Qualify for Normal Operation
2.3.1 Temperature and Moisture Resist-
ance. Evidence of qualification for normal op-
eration may be demonstrated by providing
certified evidence that the cable has been
manufactured and tested and passed in accor-
dance with the provisions of one or more of the
following industry standards or criteria.

ANSI (C83.21-1972 Requirements for Solid
Dielectric Transmission Lines

ANSI C96.1-1964 {(R1969) Temperature Mea-
surement Thermocouples

ANSI C1-1971 National Electrical Code,
NFPA 70-1971, Sections on Types RHH,
RHW, and XHHW ¢

IPCEA S-19-81 Rubber-Insulated Cable

IPCEA S-66-524 Cross-Linked-Polyethylene-
Insulated Cable -

IPCEA S-68-516 Interim Standards for Eth-
yvlene-Propylene-Rubber-Insulated Wire
and Cable. Number 1, Cables Rated
0-35000 V. Number 2, Cables Rated 2000V,
Integral Insulation and Jacket.

AEIC 5-71 Specifications for Polyethylene
and Cross-Linked-Polyethylene-Insulated,
Shielded Power Cables rated 5000-35000 V

AEIC 6-73 Specifications for Ethylene-Propy-
lene-Rubber-Insulated Shielded Power
Cables Rated 5-46 kV
2.3.2 Long-Term Physical Aging Proper-

ties. Aging data should be submitted to estab-

lish long-term performance of the insulation.

Data may be evaluated using the Arrhenius

technique. A minimum of 3 data points, in-

cluding 136 °C and two or more others at least
10°C apart in temperature, should be used.
2.3.3 Thermal and Radiation Exposure.

The following test sequence may be used to

demonstrate that the cable will be operational

after exposure to simulated thermal and radi-
ation aging.

-Cable types RHH, RHW. and XHHW, as specified
in the National Electrical Code should meet the re-
quirements established by the applicable standards of
Underwriters’ Laboratories. Inc or other recognized
agencies.
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Table 1
Represensentative Cables for Type Tests
Type Test Section Size
Up to 2000 V multiconductor temperature and moisture 2.3.1 1/C—140r 12 AWG
control cable or resistance
Shielded multicoyductor
signal cable {see list below for thermal and radiation 2.3.3 1/Cor M/C—
individual component) or exposure 14 or 12 AWG
Single conductor power cable design basis event 24 1/C or M/C —
simulation 14 or 12 AWG
1/C—6,4 or 2 AWG
vertical flame test 2.5.6 1/C—14 or12 AWG
singles from cable
assembly
vertical tray flame test 254 7/C—16,14 or 12 AWG
Shielded pairs, triple or temperature and moisture 2.3.1 1 pair shielded
quad from multiconductor resistance 16 AWG or actual cable
signal cable thermal and radiation 2.3.3
exposure
design basis event 24
simulation
vertical flame test 2.5.6
Coaxial, triaxiel or temperature and moisture 23.1 actual size
special instrument cable resistance
thermal and radiation 2.3.3
exposure
design basis event 2.4
simulation
vertical flame test 2.5.6
singles from cable
assembly
Single pair thermocouple temperature and moisture 2.3.1 2/C — 20 AWG or actual
extension cable resistance size if smaller
therma!l and radiation 233
exposure
design basis event 2.4
simulation
vertical tray flame test 2.5.4
vertical flame test singles 2.5.6
from cable assembly
2001—15 000 V power cable vertical tray flame test 2.5.4 6 AWG (2-5kV)
1/C triplexed and multiconductor 210 0r 4/0 or
470 (2-15kV)

2.3.3!1 Form suitable lengths of insu-
lated conductor which conform to the appli-
cable standards into test coils so that the ef-
fective section of each coil under test will be
not less than 10 ft.

2.3.3.2 Subject the coils to circulating air
oven aging t a temperature and time devel-
oped by plotting data using the Arrhenius
technique or other method of proven validity
to sirmuiated installed life.

2.3.3.3 The specimens with conditioning
as covered in Section 2.3.3.2 should be sub-

jected in air to gamma radiation from a source
such as **Co to a dosage of 5 x 107 rd at a rate
not greater than 1 x 10°® rd per hour.

2.3.3.4 After the radiation exposure of
Section 2.3.3.3 the specimen should be
straightened and recoiled with an inside
diameter of approximately 20 times the cable
overall diameter and immersed in tap water at
room temperature. While still immersed.
these specimens should pass, a voltage with-
stand test for & minutes at a potential of 80
V/mil ac or 240 V/mil de.



2.4 Testing for Operation During Design
Basis Event
2.4.1 General. This section is predicated
upon a loss of coolant accident (LOCA) but
not necessarily limited thereto.
Prepare two sets of specimens in accordance
with the following.
2.4.1.1 One set to be unaged.
2.4.1.2 The other set to be heat aged
specimens in accordance with Sectlons 2.3.3.1
and 2.3.3.2.

NOTEx The requirements of Sections 2.3.3.3 and 2.3.3.4
may be omitted if Section 2.4 is followed as a xuide since
the requirements of Section 2.4 exceed those of Sections
2.3.3.3 and 2.3.3.4.

2.4.2 Radtation Exposure — Total. Ex-
posure specimens to the maximum total cum-
ulative radiation dosage expected over the in-
stalled life 1see Section 2.3.3.3) plus one
LOCA exposure to radiation for the particular
installation involved as covered in IEEE Std
323-1974 Appendix A or B. The rate of ex-
posure shall not be greater than 1 x 10" rd per
hour. This restriction is removed when simu-
lation of the LOCA profile requires a greater
dose rate.

2.4.3 LOCA Simulation. Test irradiated
specimens in a pressure vessel so 7c_on>tructed
that the specimens can be opérated under
rated voltage and load \_x’h;lew
exposed to the pressure, temperature, humid-
ity and chemical spray of a LOCA event.
Chamber designs should have provisions for
monitoring and varying temperature and
stearn pressure, for recycling chemical spray.
and for electrically loading the specimens as
specified herein.

2.4.3.1 After conditioned specimens are
installed inside the pressure vessel they
should be energized at rated voltage and
loaded with rated service current while under
the average normal operating condition. The
energized specimens should be exposed to one
cycle of the environmental extremes accord-
ing to the schedule postulated for the particu-
lar installation, see IEEE Std 323-1974.

2.4.3.2 The cable should function eclec-
trically throughout its exposure to the envi-
ronmental ex:remes within the specified elec-
trical parameters.

2.4.4 Post LOCA Simulation Test. Upon
completion of the LOCA simulation. the spec-

imens should be straightened and recoiled
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around a metal mandrel with a diameter of
approximately 40 times the overall cable
diameter and immersed in tap water at room
temperature. While still immersed. these spec-
imens should again pass the same voltage
withstand test performed under Section
2.3.3.4.

NOTE: The post LOCA simulation test demonstrates an
adequate margin of safety by requiring mechanical dura-
bility (mandrel bend) following the environmental simu-
tation and is more severe than exposure to two cycles of
the environment.

2.5 Flame Tests
2.5.1 General. This section describes the
method for type testing of grouped cables via
the vertical tray flame test to determine their
relative ability to resist fire.
2.5.2 Criteria
2.5.2.1 The fire test should demonstrate
that the cable does not propagate fire even if
its outer covering and insulation have been
destroyed in the area of flame impingement.
2.5.2.2 The fire test should approximate
installed conditions and should provide con-
sistent results.
2.5.3 Test Specimens
2.5.3.1 The tests proposed are for power,
control, and instrumentation cables.
2.5.3.2 Sizes recommended for type tests
may be as listed in Table 1 but not necessarily
limited thereto.
2.5.4 Fire Test Facility and Procedure
2.5.4.1 Test should be conducted in a
naturally ventilated room or enclosure free
from excessive drafts and spurious air cur-
rents.
2.5.4.2 The vertical tray configuration is
recommended as the best arrangement to es-
tablish whether or not a cable could propagate
a fire. The tray should be a vertical, metal.
ladder type, 3 in deep, 12 in wide. and 8 ft
long. The tray may be bolted at the bottom to
a length of horizontal tray for support.
2.5.4.3 Test sample arrangement — mul-
tiple lenvths of cable should be arranged in a
single layer filling at least the center six inch
portion of the tray with a separation of ap-
£.2 the cable diameter between
The test should be conducted 3
times to demonstrate reproducibility
different samples of cahle.
O =

proximately
each cable

using

> when specified, the

-ttt Flame sour

ture detaifed b

Ted Beluw Shail be followed:
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10 wide. 11-55 Drilling
Ribbon Burner Modified
Zero-
Pressure

Governor
Opuonal for Gas

Pressure Contro!
Natural

or Propane
Gas
Source

Air-Gas Mixer

Water
Manometers
Supply Side A

Water
Manometer

Air Inlet B Compressed air

(oil-free and dry}

Air regulator
and valve.

NOTE: All pressures measured under dynamic conditions.

A Schematic Drawing

\ N\
RaN \
Menometer
Ports
8-32 Nut Soldered L, /
) : /, |

to0 8-32 Stud

8-32 Nut Soldered
to Cover Plate

g
&> 1/4 Spring [Approx
inch Dimensions)
0D .200 inch

Free Longth. 1 Inch
Wire Size 018 Inch
12 Turns
Cover Plate Last Turn Formed

to a Paint

B Detail Drawing of Zero
Pressure Governor Modification
Fig 1
Flame Source

2.5.4.4.1 The ribbon gas burner’ shall
be mounted horizontally such that the flame
impinges on the specimen midway between
the tray rungs, and so that the burner face s 3

in behind and approximately
bottom of the vertical tray. Because of its uni-
form heat content natural grade propane is
preferred to commercial gas.
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2 ft above the

2.5.4.4.2 The flame temperature

“An American Gas Furnace Co 101in, 11-535 drilling. rib-
bon tvpe. cataiog no JUX 11-55 with an ar-gas Venturt
mixer, cgtalag no 14-18 (2 th{ in‘ max eaure pressure) is
the only presently available model that has been found
satisfactory for purposes of these tests

should be approximately 1500°F when mea-
sured by a thermocoupie focated in the fQaine
close o, but not touctiing the surface of the
test specimens {(about 1/8 in spacing).
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STER L

sTEP Y
FOLD CORNERS
M TO CENTER

COPPER :
wIRES

STERS
FOLD 1 THIRDS wRAS
THIN COPPER WIRE AT

EACH AXIS TO RETAIN SHAPE
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sTEP 3
FOLD CORMERS tH
TO CENTER

STEP 4
FOLD (M MALF

NOTE: All dimensions are in inches.

Fig 2
Burlap Folding Sequence

2.5.4.4.3 For the schematic arrange-
ment see Fig 1. Under dynamic conditions, if

propane gas_is_used the pressure shall be .

?,6:0,3 cm of water at the supply side A to
the Venturi mixer. If commercial gas is used
the pressure shall be ~0.9x0.1 ¢cm of water
when measured at the supply side of the Ven-
turt mixer. For propane gas. the air pressure
should be 4.3+=0.5 ¢cm of water. For commer-
cial gas it shall be 5.6+ 0.5 cm of water, mea-
sured at *he air inlet B to the mixer. In prac-
tice the flame length will be approximately 15
in when measured along its path.

2.5.4.4.4 Gas-burner procedure — ig-
nite the burner and allow it to burn for 20
minutes. Record temperatures at point of im-
pingement throughout the duration of the
test, length of time flame continues to burn af-
ter gas burner is shut off, jacket char distance,
and distance insulation is damaged.
2.5.4.5 Alternative flame source, oil or
burlap — when specified, the procedure de-
tatled below shall be followed.

2.5.4.5.1 Use a 24 in square piece of 9
oz per square yard burlap. folded as shown in
Fig 2 into a bundle 4 in x 4 in x 6 in. Wrap
with fine copper wire as shown, to retain the
shape of the bundle. Immerse in a container of
oil* for 5 minutes. Remove, hang free in air,
allow to drain for approximately 15 minutes.
The burlap ignitor i1s weighed before im-
mersion and after draining, and the fuel pick-
up should be 160x5 g. The repeatability of
this test is derived from constant fuel pickup
in ignitors of constant size and weight. Tem-
perature should be monitored at point of max-
imum flame impingement upon the test ca-
bles.

2.5.4.5.2 After draining. the ignitor
should be placed in front of and approximate-
ly 2 ft above the bottom of the tray with the
4in x 6in face of the ignitor held in place
against the cables by a suitable metal wire or

band.

*Such as Mobilect 33.
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2.5.4.5.3 Ignite the oil soaked burlap.
The applied flame should be allowed to burn
itself out naturally.

2.5.5 Evaluation. Cables which propagate
the flame and burn the total height of the tray
above the flame source fail the test. Cables
which self-extinguish when the flame source is
removed or burn out pass the test. Cables
which continue to burn after the flame source
is shut off or burns out should be allowed to
burn in order to determine the extent.

2.5.6 Instrument Cable and Single Con-
ductors from Multiconductor Assembly. A
specimen ¢f each type of instrument cable or
the ind:vidually insulated or insulated and
jacketed conductors removed from each mul-
ticonductor control cable which is type tested
should pass a flame resistance test in accor-
dance with ASTM D2220-68, Vinyl Chloride
Plastic Insulation for Wire and Cable, Section
5 (IPCEA Standard S-19-81, Section 6.19.6),
except the weight may be omitted if the speci-
men is securely clamped.

2.6 Documentation of Type Testing. Follow-
ing the procedures outlined in this guide, pro-
vide data necessary to document satisfactory
compliance. Certification of prior test results
will be provided when required.

Section

2.3.1 Temperature and Moisture

2.3.2 Long-Term Physical Aging Properties
2.3.3 Thermal and Radiation Exposure

2.4 Testing for Operation During Design
Basis Event (LOCA)

Flame Test on Grouped Cables in Verti-
cal Tray

Flame Test on Single Conductor

2.5.1
2.5.6
3. References

IEEE Std 1-1969, General Principles for Tem-
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perature Limits in the Rating of Electric
Equipment
1EEE Std 98-1972, Guide for the Preparation
of Test Procedures for the Thermal Eval-
uation, and Establishment of Temperature
Indices of Solid Electrical Insulating Materi-
als
IEEE Std 99-1970, Guide for the Preparation
of Test Procedures for the Thermal Eval-
uation of Insulation Systems for Electric
Equipment
IEEE Std 100-1972 (ANSI C42.100-1972).
Dictionary of Electrical and Electronics
Terms
IEEE Std 101-1972, Guide for the Statistical
Analysis of Thermal Life Test Data
IEEE Std 279-1971 (ANSI N42.7-1972). Cri-
teria for Protection Systems for Nuclear Pow-
er Generating Stations
IEEE Std 308-1974, IEEE Standard Criteria
for Class IE Power Systems for Nuclear Power
Generating Stations

VIEEE Std 317-1971, Electrical Penetration
Assemblies in Containment Structures for
Nuclear Power Generating Stations
IEEE Std 323-1974, Standard for Qualifying
Class IE Electric Equipment for Nuclear
Power Generating Stations
IEEE Std 334-1971, Type Tests of Continuous
Duty Class 1 Motors Installed Inside the Con-
tainment of Nuclear Power Generating Sta-
tions .
IEEE Std 336-1972 (ANSI N45.2.4-1972), In-
stallation, Inspection, and Testing Require-
ments for Instrumentation and Electric
Equipment During the Construction of Nu-
clear Power Generating Stations

VIEEE Std 380-1972. Definitions of Terms
Used in IEEE Nuclear Power Generating Sta-
tions Standards
ASTM D2220-68, Vinyl Chloride Plastic Insula-
tion for Wire and Cable
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Révision de la présente publication

Lc contenu technique des publications de 1a CET est constam-
ment revu par la Commussion afin d assurer qu'sl retlere bien 1érat
actuct de la technique. ’

Lesrenscignements relatifs i ce travail de révision, 3 Fétabhisae-
ment des éditions révisées ot aux mises A jour peusent Stre obienus
aupres des Comites mtonaux dela CEeten consultant les docu-
fuents ci-dessous:

Bulletin de 1a CEl

@ .Rapport d’activité de ia CE1

Publié annucllement

©®  Catalogue des publications de 1a CEI

Publié annucilement
>

Terminologie

En ce qut concerne 2 terminologic générale, fc lecteur se
teputicra a4 fs Pubbcation 83 de ja CEL Vocabulaire Viectro-

techmque International (V.I.1), qui ¢st établic sous forme de

chapitres sépards tranant chacun Jun sujet déting, Plndex

géndral &tunt publié séparément. Des Jdétmls complets sur e

V.E.1. peuvent étre obtenus sur demande.
-
Les termes et détimtions figurant dans la présente publication
ont été sort repnis du V.ELL., soit sapéatiquement approuvéds zux
fins de cette publication. :

Symboles graphiques ct littéraux

Pour les symboles graphigues, symboles hittéraux ot signes
dTusage gendral approusds par la CLT, e lectéur consuliera:
— la Publicatton 27 Je fa CEF: Symboles hitdraun & uudiser

cn dlectrotechmque
— a2 Pubhcanion 117 de ta CET: Symboles graphigues recom-
manddés.

Les symboles et signes contenus dans la préseate publication

ont &te sort repns des Publicaions 27 ou 117 de la G, son

spéciliquement approunds sun finy Jde cctic publicston.

Autres gublications de la CEI établies par le méme
Comité d’Etudes

L attention du lecteur est attirce sur la page 3 de 13 couverture.
Qui énumere les autres pubhications de fa CLE 1 préparées par e
Comité d Etudes qui a ¢tabh la présente pubhication. '

Revision of+this publication

The techmical content of TEC publications ¢ Lept under
constant revizw by the 1EC, thus ensuning that the content
retlects current technology. ’

Informznion on . the work of revision, the issuc of revised
cdinons and amendment sheets may be obtained from TEC
National Committees and from the following TEC sources:

® 1EC Bulletin

©® Report on 1EC Activitics
Published ycarly

®  Catalogue of 1EC Publications
Published yearly

Terminology

For general terminology, readers are referred to 1EC Publi-
canon 20: Internsnonal Electrotechmeal Vocabulary (FL.E.V Y,
which s 13sucd i the form of separate chapiers each dealing

with 2 specific ficld, the General Index bang published as a

separate booklet. Full details of the LE.V. will be supplied on

request.

The terms and definitions contained in the present publication
have erther been taken from the 1LE V. or have been specitically
approved for the purpose of this publication.

Graphical and letter symbols

For graphicul symbols, and letier symbels and sigas approved
by the TEC for gencral use, readers are referred to:
— TEC Publication 27: Letter symbols to be used in clecteical
technology ;

— 1C€C Pubhcation 117: Recommended graphical symbols.

The symbols and signs contained in the present publication
have cither been taken from 1EC Pubbeations 27 or 117, or
huave been specitically approved for the purpose of this publi-
caton. ‘

Other I>E’g publications prepared by the same

Technical Committee

The attention of readers 15 drawn o the inside of the back
cover, which hists other | E C pubhications issued by the Technical
Committec which has prepared the present pubhication,
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PREAMBULE
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INTERNATTON A S LT TROTT CHINTIC AT CONNINSTION

TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS

Part 1: Test on a single vertical insulated wire or cable

FOREWORD ~

1} The formal decisions or agreements of the { EC on technical matters, prepared by Technical Committees on which ali the
National Commiltees having a special interest therein are represented, cxpress, as nearly as possible, an interastional
consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the National Committees in that
sensc.

3

In order 18 promote international unification, the 1EC expresses the wish that all National Committees should adopt
the text of the 1 EC recommendation for their national rules in so far as national conditions will permit. Any divergence
between the 1EC secommendation and the corresponding national rules should, as far as possible, be clearly indicated
in the latter.

PREFACE

This standard has been prepared by 1EC Technical Comminee No.o 20, Electne Cables.

A ddraft was discussed at the mecting held in Osloin 1976, As a eesult of this mecting, a drafi. Document 200Centrat Office 141,
was subrmitted to the National Commitices for approvad under the Six Months” Rule jn April 197K,

The following vountries voted explicith in fovour of publication:

Auntria Taly

Belgium Japan

Brazil Netherlands

Canada Romania

Czechoslovakia South Africa {Republic of)
Denmark Sweden |

Fpypt Switzerland

Finland . Turkev

Goermany Union of Sovict Socialist Republics
Inracl

It should be woted that this standard arses out of a revision undertaken on TEC Publicotion 332 Flumce-retardant
Characteristios of Flectric Cables, being re-tided : Tdstson Electrie Cables under Fire Conditions, and that st forms the st pac of
asenes of pants antended G deat with the tollovane subpecis
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ESSAIS DES CABLES ELECTRIQUES SOUMIS XU FFU

Premiere partic: Essat effectué sur un cable vertical

Domauine d'application
La presente norme preserit une méthode diessa sur un cable vertreal ctindigue les conditions
L requnes diacceptation,

. | .
N Fo— b rant donnge quitb ne suthie pas enhses e Cable retandant b propagation de Lilamme poos cinpNvher Ly

pep

Bon da ieudans 0o guelle condion d nstadbatmn, 3 et seasmiande de prendie cealement dos

procanitions speciales dnstatkstion chuague Jois gan I asque de propaganen da feaest graod pae exemple s

los s de

candes hangueuss de binsecany de eablos veencaes Le Lt ga'un cchanatlon de cible os contonne
wan condits

s regimaes e Camponement figurant dans L proseate nopne nimpbgue pas qutun Lisecan

Cahles dumeme fpe se comporern) necessaarement Je bivon wdenigue

Lamcshode decnte s lans octie nornie o ost pas adaptee poar les esseos e connns petiss condocteurs du e

1o Busaon ades condodteus pendan L duree doapphcaton de b Qamime
Conditions requises de comportement

Liessai ot prévu pour Stre e ossad de tvpe et peut se rapporter doune aorme particulicre. Un

cchant:lon de conducicur ou de cableapres avoir Sié essave suivant les modahités des articles 34

Todow spostaire Ok condition suivantes

U'ne boss towte combustion termimee, Lo sarda

de Féchannllon est esxsuyée conpletement et la
parhic carbaainee ou attectde dott se trouver d moms de StEmm de Varcre infénicure de la fnanon

NUpCTICIrC,

tchantilton

Foechantillon d essat et un moreeau de

whle termind de 600 % 25 mm de lonyg

Conditionnement avant Fessal

St le conducteur vu e cable est recouvert d une couche de peinture oo de Tague. ecnantillon est

COnNCIy e

une tempdraturs e Sl C pendunt 4 b avant Pessai

Conditions de essai

cchantllon ost tine o chague eatrenmite s d o ost dispose verteslement au mnhicw dun coran

mctalligue o tron twes de 2002 25 mmde haut de 300 £

253 mmode farge et de 430 2 25 mm de

protondene L tace avaint clant ouvente e dessas ot e dessous ¢

ant fermes. b base ne dort pas
clic mgtallique . -

Les tivanions du cable ontapprovmmatnement 23 mn de Lirge ctsont disposces de lagen qug s
divtance ontre Ie dessos du L ivanon ntenicure < e dessous de la Bivanon supdrcare soit de

AAEL 25



1.

TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS

Part 1: Test on a single vertical insolated wire or cable

Scape

Phies stundard specities a method ol gest on o single verticad iosubated wire or cable and the

requirenieet tar compiiance.

Newes £ o Smee the use ot sulrat wire o cable that camplics swnh the reguecment s potsuliient bystscle present

aeation of e undeeallcsaditens of instalaton 10 recommended as wherever The rsk of propagzatien

Lo wrample i bong serneat funs of buaches o vables, specnad mstadfotion precantons shoukd aba e

ke n dE oot be assumed than beciose the sample of calsbe conmiplics with the pertornoce sesgmscd o the
standaed that o bunch ot cabtes wall behase g sindbar maanee
»

S — Ihe methad spedificd s aotsarable far the testing of same small wires due to the melting of the conductorns
wenog the tme of apphcation of the Mame

PPerformance requirement

Phe tost isomtended tor tope approsal testing, and mayv be referred 1010 cable standards. One
~ample ot insufared sware or cabdedter having been tested in accordance with Claeses 310 7. s hail

comply wath the tollowing segquirement

Adto ol burmnyg has coaseds the surtace o the sample shall be wiped clean and the charred or

ol the wp camp.

attected portion shall not hine reached within S0 mm of the fower cdg

Sample

The test sampie ~hall be o piece ot the hashed wire or cable 600 = 25 mm long.

Conditioning before test

1t the ansulated wire or cable has o paint or lacquer finish, the sample shall be kepr ot a

temperature of 602 Ctor 4 h boefore the test

Test conditions

Phe sample shall be clamped at cach end 1o position e sectically an the maddic oo three-sided

mm heh, 300 = 25 mowade and 4830 =2

metallic sorcen 1200 ¢ 2 mun deeps wath apen hont

and dlosed top and bottom s the base shall be nos-metathe

Fhe chanps shadl be approsamatels 23 mmwade and posinoncd sothat the distance between the

Do

fop ot the bottom clomp and the bottom ot the top champ s >300= 2
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SO appIE e cae et T - P boasg de Tooran
Cotte dhnposition esi b C cavme bopape X
6 Souarce de chaleur N

a) o briidéur a L,

Stdu propane ot u}ih,xc. I bradeur est celut decnt dans o figure 20 page 90k e alors réple

-r donncr «

pa

Hamme deoviron 175 mm de long avee un dard denviron 353 mm de
fony . )

. .
\‘1 Lomqu'rest alimente pardu paz naturcl un bac Bunsen conventionnelayvant nne ouverture
de 9+ 1 mm peut étre utilise s il est alors réghd pour donner une flamme d'environ 125 mm de

long uvdcun dard (coné bleu) dienviron 40 mm de long.

[0 cas de doute, Ie brisleur 3 paz propanc doit ¢tre utilisé,

cation du fonctionnement du brideur - -

h)

LOn ve

itic que e fonctionnement du braleur est satisfuisant de b tagon suivante, Fae du
brafenr étant verticals un fil nuoen caivre de 0.71 +0.025 mm de dimmetre ot avant une
fongucur libre «an mains 100 mm est introdnt horizontalement dans Ta flamme. d'environ
PO mm au dessus de Fexteemite du dard. de fagon que Fextrémind libre du fil soit verticatement
au-dessus du bord du bralear du ¢o1¢ ¢loignd de Pextrémite five du bl Le temps adeessaire

poar que le B tonde ne dait pas Stre supdricur & 68 ninféricur a4 s

.- . - . . '
) Cables de divméne pivguda 30 inclus

Pour les échantibons avant un diamétre extéricur jusqu’a SO mminclus. ka source de chaleur
utilisée est un brileur A gaz, construit ¢t fonctionnant comme déent ci-dessus, et placd comme

indiqué dans fa figure S page 1O
d) Cables de diaméire supéricur @ 30 mm

Pour fes cchantillons ayapt un diamétre extéricur supéricur i SO mm.la souree de chadeur et
constituée par deox brileurs & gaz. construits ¢t fonctionnant comme déerit ci-dessus, ot

disposés autour de Féchantillon comme indiqué duns T figure kB

7. Mode opératoire

Pour Fessai, Fane du brileur doit former un angle de 45% avee Paxe de Péchantilion

Lorsque le brafeur est en foncuonaement. b distance de celui-ci a Uéchantillon est telie gque e
dard de Tt famme est 3 une distance mesurée ke long de Paxe de Ta Qamme. d environ 10 mm de 1

curface du cable et 3 475 mm au-dessous de la face inféricure de fa fixation supcrnicure.

La lamme ost appliquée pendant une pénode continue de 7 ~ccondes, dannde par b

formule

N

"t

] = 60 +

dans Tnqguelic moost Ly prisse. onogrammes de Véchantiflon de cable rapporte o une longucar de
GOO



Fhe tosesiedt be i dean ~hoal e dasred

afcasubsmoadhy tree tronsdeanghis The sample

~octhuat the botiom og ¢

spevimen s approvipiach 20 mm trom the buse of the soreen

Fhe wranecment s dlosteared s Preure 1o

o Source of heat . . .

Gt Clas hueorer

Whoen propane s used. the burner an F

9. shall be usedl the burner Feme
tegulited o giveta fame appronimatch 175 mm long with an inner blue cone approsimacely

3 long

For nainral gass g comventional Bunsen burner having a bore of 9 £ 1 mm may be used. 1the

burner bemye o with an mner blae cone

sulated 1o give a Bame approximateh 125 mm for

approvimately 4 mm long.

as burner shadl be used.

I cises of dispute. the propane

by Check of hurner operation

The sutistactory operation of the burner shall be checked as follows, with the avis of the

burne“being vertical: abare copper wire, (.71 = 0,023 mmin dinmuter. having a free length of
not less than 100 mm shall be insérted horizontally in the flame about 10 mm abosve the top of

of the hurer on the

the blue cones s thar the free end of the wire is vertically above the od
side remote trom the supported end of the wise, The time required fer the wire to medt shall be

not mare than 6~ oud not doss than 48

cable diam eter Z Eomm

o Woe and cable of diamerer up to and inchiedong S0 o
e

The sonuce ot heat tor o sinple having an overadd dimmeter up to and includiote 30 mm shal)

be ome gas bumner, constructed and operated as deseribed above

and povnioned as shownn
Figure 30 page 1O

3 Ware wnd cable of divmicter greater than SO nun

The source of heat for asamplie having an overall diameter greater than 30 mum shall be two

vas burners constructed and operated s desenbed above, and arranged round the sample as

~howin i Fieare 3.

fest procedure

For the toste the s o the buroer tube shall be at an angle of 45 1o the was of the sample
—_——

When the burner is i use the distance of the burner from the sample shall be such that the imner
blue vane of The tate s at o distanee of approximatedy 10 mm, mcasured along the avis ol the

Hame, troan the surbiee of the cable and”1753 mm below the tower cdge of the top clamp,

Ihe tlame shatl be applicd tor a contnuous period of T seconds derived Tram the Tormula

. 1
/o= 60y 5—
25 <
T

whoio s the swarghit m grams ol the wise o cabic sample coredted to o GO0 e leasih
- - T
3 2

{oo mm CAILQLT]‘E"{

393
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{ Dimension des deux
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS

Part 3: Tests on bunched wires or cables

FOREWORD

1) The formal decisions or agreements of the I EC on technical matters, prepared by Technicat Committees on which all the National
Committees having a special interest therein are represenied, express, as nearly as possible, an international consensus of opinion
on the subjects dealt with.

2) They have the form of recommendations for intemational use and they are accepted by the National Committees in that
sense, .

3) In order to promote international unification, the [EC expresses the wish that all National Committecs should adopi the text of
the 1EC recommendation for their national rules in so {ar as national conditions will permit. Any divergence between the IEC
recommendation and the corresponding national rules should, as far as possible, be clearly indicated in the latter.

PREFACE

This report has*een prepared by I EC Technical Committee No. 20: Electric Cables.

A first draft was discussed at the mecting held in Florence in 1980. A new draft was circulated under the
Accelerated Procedure in October 1980, as a result of which a drafi, Document 20(Central Office) 145, was
submitied to the National Commitiees for approval under the Six Months® Ruie in April 1981.

The Natonal Committees of the following countries voted explicitly in favour of publication.

Argentina Netherlands

Australia New Zealand

Austria Poland

Belgium Romania

Canada South Africa (Republic of)
China [ . Spain

Denmark Py Sweden

German Democratic Republicr Switzerland

Ireland Union of Soviet Socialist Republics
laly United Kingdom

Japan United States of America

~<

The French National Committee submitted a negative vote because it considers, firstly, that contrary to
tic contents of th~ introduction, the test method is not stabilized and its reliability not established and
sccondly, that we nablication does not draw atiention 1o the conventional views of the method and does
not give any mascation of its reproducibility and repeatability nor the spread of results that may
arisc. :
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TESTS ON ELECTRIC CABLES UNDER FIRE CONDITIONS

Part 3: Tests on bunched wires or cables

1. Introduction

1 EC Publication 332-1: Tests on Electric Cables under Fire Conditions, Part !: Test on a Single
Vertical Insulated Wire or Cable, specifies a method of test for the flame propagation characteristics
of a single vertical insulated wire or cable, and it cannot be assumed that because a sample of cable
complics with the requirements in Part 1 that a bunch of cables will behave in a similar
manner.

Consequently this report has been prepared 1o give a method of test for the flame propagation
characieristics of a bunch of cables. Propagation of fire depends on a number of factors but it is in
particular a function of the total volume of combustible material in the cable run. Three test
categories are included to meet various user requirements.

2. Scope

This repont recommends a method of test for the flame propagation characteristics of a bunch
of cabies.

This report recommends three test categories, these being assessed by the amount of combustible
material contained in one metre of the bunched cables being tested.

This method of test is a type test for cables.
3. Test sample and categories

The test sample should comprise a number of pieces of cable each 3.5 m long,

The total number of 3.5 m lengths of cable in the test sample should be in'accordance with onc of
the three categorics as follows:

Category A
The number of cable lengths required to give a total volume of combustible material of 7 litres
[
per metre,
e

Category B
—2 7

The number of cable lengths required to give a total volume of combustible material of 3.5 litres
RS
per metre.
PR N

Category C

The nurz o: of cable fengths required 1o give a total volume of combustible materiai of 1.5 litres
[
per metre.
e
Note. — When caleulating the number of cables lengths in the test sample, the sample should be rounded 10 the nearest whole
number.
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4. Details of the test rig TQ ST Y[(lj

The test rig (Figure 1, page 12) should comprise a vertical test chamber having a width of im, a
depth of 2m and a height of 4 m and the {loor of the chamber should be raised 150 mm above the
ground level. The test chamber should be nominally airtight along its sides, air being admitted,
without aamy substantial obstruction, at the base of the test chamber through an aperture
800 mm X 400 mm situated 150 mm from (he front wall of the test chamber.

1mx2mx4m

Note. — Consideration is being given 1o the usc of a controtied air flow rale, in the range 4.5 m¥/min to 10 m¥min, through
the test chamber and after a‘grccmcnl has been reached an early amendment on speed and method is envisaged.
An outlet 300 mm X 1000 mm should be made at the rear edge of the top of the 1cst chamber.
The back and sides of the test chamber should be thermally insulated to give a coefficient of heat
transfer of approximately 0.7 W/ {(m?- K). For example a stee} plate 1.5 mm thick covered with
65 mm of mineral wool with a suitable external cladding is satisfactory (sce Figure 1a, page 13). The
cables to be tested should be fixed to a steel ladder (sec Figure 2, page 14) mounted within the test
chamber® such that the distance between the ladder and the rear wall of the chambers
15150 mm.

Smoke cleaning attachment

Legal requirements may make it nccessary for equipment for collecting and washing the smoke to
be fitted to the test chamber. This equipment should be such as to collect the smoke leaving the
chamber but not cause a change in the air flow rate through the test chamber.

5. Method of maunting the test sample

The test sample should be attached 1o cach rung of the steel ladder using steel wire ties. The total
widih of the mounted cable sample should not exceed 300 mm and the sample should be approx-
imately centred on the ladder.

Cables having an individual conductor cross-section greater than 35 mm? should be fixed 1o the
ladder spaced apart by half the cable‘diamc(cr but the spacing should not exceed 20 mm.

When the number of cables 1o be mounted with spacing is such that mounting them all on one
side of the ladder will exceed the width of 300 mm then the cables should be mounted using both
sides of the ladder, first filling the front and then starting in the centre of the rear of the ladder (see
Figure 2, page 15).

All osher cables should be fixed to the front of the ladder in multiple layers with the cables
touching one another.

6. Ignition source

The ignition source should be a ribbon type propanc gas burner whose flame producing surface
consists of a flat metal plate 341 mm long and 30 mm wide through which 242 holes 1.32 mm in
diameter are drilled on 3.2 mm centres in three staggered rows of 81, 80 and 81 holes each to form
an array having the nominal dimensions 257 mm X 4.5 mm as-shown in Figure 4, page 16. As the
burner plate may be drilled without the use of a drilling jig the spaciag of the holes may vary slighdy.
Additionally a row of small holes may be milled on cach side of the burner plate 10 serve as pilot
holes with the funciion of keeping the lame burning.

The turner - add be hitted svith an accurate means of controlling the input of fuel and air to the
burner.’ For the purpose of this test the fuel input rate should be 73.7 + 1.68 < 108 J/h
(70 000 = 1600 Biw/hy and the air input 4.6 £ 0.28 m¥/h (163 = 10 fi3/h).

fi:d burner,

Note. ~ To cmsere rmoducibility between resulis from different te stions its recommended thata stz

which is readily zvailable, be used. For details see Appendia
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7. Positioning of the ignition source

The burner should be arranged horizontally at aﬂgmmfmm the front surface of the
cable sample and 600 mm above the floor of the fest chamber. The point of application of the
burner flame should lie in the centre between two cross-bars on the ladder and at least SOO mm
above the lower end of the sample (see Figure 3, page 15).

8. Test procedure

8.1 Test condition

The test should not be carried out if the external wind speed measured by an anemomcter fitted
on the top of the test rig is greater than 5 m/s, and should not be carried out if the temperature of the
walls of the chamber is below 5°C or above 40°C.

.
8.2 Conditigning of the test rig and sample

The cables mounted on the ladder should be conditioned at a temperature of 23 £ 5°C for 3 h at
least before commencing the test. The test chamber should be dry.

8.3  Time of application of the flame
In the case of cables samples in Category A and Category B the test flame should be applied for

40 min.

Cable samples in Category C should have the test flame applied for 20 min.

9. Performance requirement

Cables tested should comply with the following requirements:

After burning has ceased, the cables should be wiped clean and the charred or affected portion
should not have reached a height excecding 2.5 m above the bottom edge of the burner, measured at

The front and rear of the cable assembly. E
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Dunensions en millunétres Dimensions in millimetres

Soruie des fumées
Smoke outlet
300 X 1000

—
. %
=~

Entrée d'arr
A inlet
400 X 800

e

Elévaton oe 150 mm su-dessus du nveau du sol
Rig raised 150 mm above graund level

FIG. 1. — Equipement d’essai au feu.
. Fire test rg.
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Dimensions en millimétres .. Dimensions in millimetres

2000 )

150 400 150
—e{75

Steet plate, thickness 1.5 mm to 2 mm
D e, e e

Isolation therrmique de laine minérale, d”approxima-
tvement 85 mm d'épaisseur, avec un revétement
extérieur appropné pour donner un coefficient de
transmission calordique d’environ 0,7 W/{m?.K)

g

00

Thermal insulation mineral wool approximately
65 mm thick with surtable external cladding 10 give
a coefficienl of heat transfer of approximately

L % 0.7 W/(m?-K}

—_— = s R 7 = = SR
P

Plaque d’acier de 1.5 mm 3 2 mm d’épaisseur
364

Fi1G. 1a. — Isolation thermique de I'arniére et des ¢dtés de la chambre d'essai.
Thermal insulation of back and sides of-the test chamber.



Dimensions en millimétres

Hadteur totale
de I"échelle
Total height
of ladder

3500

Diamére nominal
des montants

Nominal diameter
of uprights

33.7—

332-3 © CEI 1982

Dimensions in millimetres

Nombre de barreaux

Number of rungs 9

Diamétre nominal
des barreaux

2
Nominal diameter
of rungs

|
I
:

9

I

Distance entre les barreaux
approximativernent 400
Distance between rungs
400 approximately

Largeur
Width

5001

6782

Note. — Les dimensions des tubes doivent €uc confon:gcs 4 la Norme ISO 65.
Tube dimensions shall be in accordance with 150 Standard 65.

FiG. 2. — Echelie de cibles pour 'essai.
Cable iest ladder. .



332-3© IEC 1982

Dimensions en millimétres

Dimensions in millimetres

Barreaux d'acier ronds
|~ Round stee! rungs
s lall V‘//
o— 1 | Coliier en fils d’acier
Steel wire nes
Le point d"application ] Espacement
de la flamme Spacing distance ™| |L$“
Pontof applcation '
é/ urner flame
2 S—
Montage sur les deux cOtés
de I'écheltle
v/ Cables mounted using both
sides of the ladder
600 ‘
400 .
Plancher
' Floor
|
. Largeur maximale
}"_ 30027 Maximum width Vv
. 46832
FiG. 3. — Disposition des échantillons sur P'éghelle.

Arrangement of test samples on ladder.
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Dimensions en millimétres Dimensions-in millimelres

34

' I
i

I |
’ 257 i
l

. ' l

Mélangeur Ventun air-gaz
Wenturi air-gas mixer

Entrée du gaz propane
Entry propane gas

i

Enirée de I'ar compnme

Entry compressed air
Détas du brdleur
Detrais of burner

242 trous ronds de 1,32 mm de diamétre placés en quinconce 3
3.2 mm de distance sur trois rangées de 81, 80 et 81 trous sur
I'avant du brdleur

242 round holes 1.32 mmn diameter on 3 2 mm centres, siag-

gered in three rows of 81 and B0 and 81, and centred on face of
Lthe burner

Py

[es valeurs sont approchies Values are approximate

F1G. 4. — Brileurs.
Burner.
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ANNEXE A
DETAILS DU BRULEUR NORMALISE

Un brileur (numéro de catalogue 10L 11-55) ¢t
un mdélangeur venturi (numéro de cataloguc
14-18) satisfisant aux prescriptions de farticle 6
peuvent éure fournis par:

— 17—

APPENDIX A
DETAILS OF STANDARD BURNER

A burner (catalogue number FOL 11-55) and
venturn mixer (catalogue numiber 14-18) comply-
g with the requirements of Clause 6 can be
obtained from:

The Amencan Gas Furnace Company

Spring Street
ELIZABETH
New Jersey 0721

Etats-Unis d’Amérique/ United States of America
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Page 6

1.

Introduction

Remplacer le texte de l'introduction par le suivant:

LLa premiére partie de la Publication 332 de la CEl: Essais des cables
électriques soumis au feu, spécifie une méthode d'essai pour les caractéris-
tiques de -propagation du feu pour un conducteur ou cable unique installé
verticalement. On ne peut présumer que, parce qu'un conducteur ou cable
répond aux prescriptions de la premiére partie, une nappe de conducteurs
ou de cables semblables se comportera de la méme fagon, parce que la
propagation du feu le long d'une nappe de cibles dépend de nombreux
factelrs, tels que:

a) Le volume de matériau combustible exposé au feu et aux flammes
éventuellement produites par la combustion des cables.

b) la configuration géométrique des cables et leur situation par rapport
a4 une enceinte quelconque.

¢} La fempérature 3 laquelle il est possible d'enflammer les gaz émis par
les cables en essai.

d) Lla quantité de gar combustible dégagée par les cables pour une
élévation de température donnée.

e) Le volume d'air passant par ['installation des cables.

Tout ce qui précéde met en évidence que les cables en essai peuvent
s'enflammer quand ils sont pris dans un incendie.

Le rapport donne les détails d'un essai ol un certain nombre de cables
sont installés en nappe pour simuler une installation théorique. (1 y 2
trois catégories de volume selon les quantités de matériau combustible par
metre de cible soumis a l'essai.

L'essai est essentiellement congu pour classer les cables et donner aux
utilisateurs un guide sur les caractéristiques relatives de propagstion des
trois catégories dans les conditions définies de l'essai. En conséquence
cette méthode d'essai ne peut donner une estimation complete des risques
d'incendie dans tous les cas pouvant se présenter dans une installation
particuliere ¢t on doit préter une attention congtante aux facteurs g) a e}
mentionnés ci-dessus.
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Pége 7

1.

Introduction

Replace the text of the introduction by the following:

‘Part 1 of IEC Publication 332: Tests on Electric Cables under Fire
Conditions, specifies a method of test for flame propagation characteristics
for a single vertical insulated wire or cable. It cannot be assumed that,
because a cable or wire meets the requirements of Part 1, a bunch of
similar cables or wires will behave in a similar manner. This is because
the propagation of flame along a bunch of cables depends on a number of
features, such as:

.

ag) The volume of combustible material exposed to the fire and to any
flame which may be produced by the combustion of the cables. .

b) The geometrical conf:guratlon of the cables and their relationship to
any enclosure.

¢} The temperature at which it is possible to ignite any gases emitted
from the cables.

d) The quantity of combustible gas released from the cables for a given
temoerature rise.

"e) The volume of air passing through the cable installation.

All of the foregoing assume that the cables are able to be ignited when
involved in a fire.

The report gives details for a test where a number of cables are bunch-
ed together to simulate a theoretical installation. There are three categories
of varying volumes of combustible material per metre of cable subjected to
the test. :

The test is primarily intended to classify cables and to give a guide to
users on the relative merits of the three categories from the aspect of
fire propagation under the conditions defined in the test. Consequently,
this test method cannot provide a full assessment of fire risk under all of
the conditions which may apply to a particular installation and a3 constant
awareness of the above factors a) to e) shoulq(be maintained.
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PREFACE

La présente modification (comprenant la modification n® 1 (1984)) a été établie
par le Comité d'Etudes n® 20 de la CEl: Cables electriques.

Le texte de cette modification n® 2 est issu des documents suivants:

Régle des Six Mois Rapport de vote Procédure des Deux Mois Rapport de vote

4 29(BC) 161 20(BC)172 20{8C)173 20(8C)174

i

7

Les rapports de vote indiqués dans le tableau ci-dessus donnent toute
information sur le vote ayant abouti a |'approbation de cette modification.

Une ligne verticale dans la marge différencie le texte de la modification n® 2.

Page 6
1. Introduction
Remplacer le texte de V'introduction par le suivant:

La premiére partie de la Publication 332 de la CEl: Essais des cables
électriques soumis au feu, spécifie une méthode d'essai pour les carac-
téristiques de propagation du feu pour un conducteur ou cable unique
installeé verticalement. On ne peut présumer que, parce qu un conducteur ou
cable répond aux prescriptions de la premiére partie, une nappe de
conducteurs ou de cables semblables se comportera de la méme fagon, parce
que la propagation du feu le long d'une nappe de cables dépend de
nombreux facteurs, tels que: |

a) Le volume de matériau combustible exposé au feu et aux flammes
éventuellement produites par la combustion des cables.

b) La configuration géomeétrique des cables et leur situation par rapport a
une enceinle quelconque. ”~

¢) La température & faquelle il est possible d'enflammer les gaz émis par les
cables en essai.

d) La quantite de gaz combustible degagée par les cébles pour une
élevation de température donnee

e) Le volume dTaor passant par Pinstallation des cables.

Toul ce qui précede met en évidence que les cables en essal peuvent
s'gnflammer quand ils sont pris dans un incendie.
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PREFACE

This amendment (incorporating Amendment No. 1 (1984)) has been prepared
by 1EC Technical Committee No. 20: Electric Cables.

The text of this Amendment No. 2 is based on the following documents:

Six Honths' Rule Report on Voting Two Months' Procedure Report on Voting
2D(coyien 20{CoN72 20{C0)173 20{CO)74
Full information on the voting for the approval of this amendment can be

found in the Voting Reports indicated in the above table.

The text of Amendment No. 2 can be distinguished by a vertical line in the
margin.

Page 7
1. Introduction
Replace the text of the introduction by the following:

Part 1 of IEC Publication 332: Tests on Electric Cables under Fire
Conditions, specifies a method of test for flame propagation characteristics
for z single vertical insulated wire or cable. It cannot be assumed that,
because a cable or wire meets the requirements of Part 1, a bunch of similar
cables or wires will behave in a similar manner. This is because the
propagation of flame along a2 bunch of cables depends on a number of
features, such as:

a) The volume of combustible material exposed to the fire and to any flame
which may be produced by the combustion of the cables.

b) The geometrical configuration of the cables and their relationship to any
enclosure. <

¢) The temperature at which it is possible to ignite any gases emitted from
the cables.

d) The quantity of combustilble gas released from the cables for a given
temperature rise

e) The volume of air passing through the cable installation.

_All of the foregoing assume that the cables are able to be ignited when
involved in a fire.
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Le rapport donne les détails d'un essai ou un certain nombre de cables
sont installés en nappe pour simuler une installation théorique. Il y a trois
catégories de volume selon les quantités de matériau combustible par métre
de cable soumis a l'essai.

L'essai est essentiellement congu pour classer les cables et donner aux
utilisateurs un guide sur les caractéristiques relatives de propagation des
trois catégories dans les conditions définies de {'essai. En conséquence cette
méthode d'essai ne peut donner une estimation compléte des risques
d'incendie dans tous les cas pouvant se présenter dans une installation
particuliere et il convient de preéter une attention constante aux facteurs a)
a e) mentionnés ci-dessus.

Page 10
8. Procédure d'essai

insérer le nouveau paragraphe 8.2 suivant:

8.2 Mesure de l'indice d'oxygéne

L'indige doxygene de tous les matériaux combustibles intervenant pour
plus de 5% en masse doit étre mesuré conformément a la procédure donnée
dans l'annexe B. Les valeurs doivent étre notées et peuvent étre utilisées
comme base pour le contrédle de toute production ultérieure et pour s'assurer
de sa conformité avec cet essai de type. Il n'y a pas de corrélation entre les
valeurs de I'indice d'oxygéne et la propagation de la flamme le long d'un
cable soumis au feu. .

Renuméroter tes paragraphes 8.2 et 8.3, respectivement en 8.3 et 8.4.
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(&)
'

The report gives details for a test where a number of cables are bunched
together to simulate a theoretical installation. There are three categories of
varying volumes of combustible material per metre of cable subjected to the
test.

The test is primarily intended to classify cables and to give a guide to
users on the relative merits of the three categories from the aspect of fire
propagation under the conditions defined in the test. Consequently, this
test method cannot provide a full assessment of fire risk under all of the
conditions which may apply to a particular installation and a constant
awareness of the above factors g} to e) should be maintained.

.
Page 11
«
8. Test procedure
Insert a new Sub-clause 8.2 as follows:
8.2 Measurement of oxygen index
The oxygen index of all combustible materials contributing more than 5%
by mass shall be measured in accordance with the procedure given in
Appendix B. The values shall be recorded and may be used as a basis for
quality control of any subsequent production to ensure compliance with this

type test. Correlation of the oxygen index values with the propagation
along the cable in fire conditions is not implied.

Renumber Sub-clauses 8.2 and 8.3, as 8.3 and 8.4 respectively.
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Apres la page 17

Introduire la nouvelle annexe B:

B1.

B2.

B3.

B4.

B4.

B9,

ANNEXE B
Méthode de mesure de |'indice d'oxygéne pour les cables électriques
Généralités

Cette méthode décrit une procédure pour la détermination de l'inflamma-
bilité relative des matériaux prélevés sur cables électriques ou utilisés dans
les gables électriques, fondée sur la mesure de la concentration minimale en
oxygéne d'un mélange oxygéne-azote permettant juste de maintenir la
combustion avec flamme. Cette méthode est actuellement limitée aux
matériaux dont les échantillons sont assez rigides pour rester droits
pendant l'essai.

Définition

Indice d'oxygéne: Concentration minimale en oxygéne, exprimée en
pourcentage en volume, dun mélange oxygéne-azote permettant juste de
mainteair la combustion dans les conditions opératoires ci-dessous.

Principe de la méthode

On mesure la concentration minimale d'oxygéne dans un mélange oxygéne-
azote qui maintient la combustion dans les conditions d'équilibre d'une
“bougie se consumant”. L'équilibre est établi lorsque la chaleur dégagée
par la combustion de |'éprouvette est compensée par les pertes de chaleur
dues 3 I'environnement.

1 La colonne d'essai comporte un tube en verre résistant a la chaleur, de
{'un des types indiqués ci-dessous. La base de la colonne contient un
matériau non combustible assurant une bonne répartition du mélange de gaz
entrant par cette base. Une toile métallique est placée au-dessus de ce
matériau non combustible podr recueillir les particules et maintenir propre la
base de la colonne. '

La température du mélange de gaz entrant dans la colonne doit étre
maintenue 3 23 * 2 °C par des moyens appropriés. Si ces moyens exigent
une sonde intérieure, sa position et ses dimensions doivent perturber le
moins possible la circulation du mélange de gaz™

Diamétre minimal Hauteur Diamétre de
intérieur 1'ouverture
P supérieure rétrécie
minimale maximale
minimale moximale
(mm) {mm) {mm) (mm) {mem)
Colonne A) ) 450 - 75 -
Colonne B) 95 210 310 &0 50
2 Un chronométre permettant de mesurer au moins 10 min avec une pré-

cision de 1 s.
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After page 17

Insert new Appendix B:

B1.

B2.

B3.

B4.

B4.

B4.

APPENDIX B
Method of measurement of oxygen index for electric cables
Scope

This method describes a procedure that examines the relative flammability
of materials taken from or used in electric cables by measuring the minimum
concentration of oxygen in a mixture of oxygen and nitrogen that will just
support flaming combustion. This method is presently limited to the use of
physically self-supporting test specimens.

«

Definition

Oxygen index: The minimum concentration of oxygen, expressed as
volume per cent, in a mixture of oxygen and nitrogen that will just support
combustion of a material under the conditions of this method.

Principle of method

The minimum concentration of oxygen in a mixture of oxygen and nitrogen
that will just support combustion is measured under equilibrium conditions
of "cand'e like" burning. The balance between the heat from the combustion
of the specimen and the heat lost to the surroundings establishes the
equilibrium. ~

Apparatus

1 The test column shall consist of a heat resistant glass tube of one of the
types listed below. The bottom of the column or the base to which the tube
is attached shall contain non-combustible material to mix and distribute
evenly the gas mixture entering at this base. A wire screen shall be placed
above the non-combustible material to catch falling fragments and aid in
keeping lhe base of the column clean.

Means shall be provided for checking or ensuring that the temperature of
the gas mixture entering the chimney is 23 '+ 2 °C. If the means involves an
internal probe, its position and profile shall be designed to minimize
turbulence within the chimney.

<
Minimom insid Heigt )
|Z!mumtm..\ e eight Restricted upper
iameter . T opening diameter
minimum max imum
minimum max{mym
{mm) {mm}) (mm} {mm) , {mn}
Column A) 75 450 - ! I -
Column B) ] 210 310 40 50

2 A suitable timer capable of indicating at least 10 min and accurate to 1 s.
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B4.3 Suppart d'éprouvette

Tout petit dispositif permettant de maintenir "éprouvette par sa base, en
position verticale au centre de la colonne, est acceptable.

B4.4 Sources de goz

Les mélanges de gaz nécessaires pour l'essai peuvent étre réalisés 3 partir
d'oxygeéne et/ou d'azote de grades commerciaux ou de grades meilleurs
(pureté >98%) et/ou d'air propre (I'air contient 20,9% d'oxygéne).

La teneur en humidité du mélange gazeux entrant dans la colonne doit étre
inférieure a4 0,1% en masse.
s

Note.- On ne peut affirmer que les bouteilles d'oxygéne ou d'azote du

. commerce contiennent toujours moins de 0,1% par masse d'eau, bien

que les taux d'humidité annoncés soient habituellement de 0,003% a

0,01%. En particulier, si la bouteille a été remplie dans de mauvaises

conditions, les dix derniers pour-cent de la bouteille peuvent

contenir entre 0,1% et 0,5% par unité de masse d'eau, puisque la

pression de gaz diminue en fonction de la pression de vapeur d'eau

a la température ambiante. Aussi, la source de gaz devrait-elle

comporter un dispositif de séchage, ou alors des regles visant a la
“mesure de I'humidité devraient-elles étre établies.

B4.5 Mesure de la concentration d'oxygéne

La concentration doxygéne est mesurée par |'une des méthodes suivantes.
En cas de contestation, la méthode i) doit étre utilisée:
i} La concentration en oxygéne du mélange de gaz est déterminée par la
mesure du paramagnétisme de I'oxygéne.

ii) Dispositifs de controle et de mesure des gaz. Des dispositifs de mesure
et de controle sont utilisés pour mesurer et ajuster la composition du
mélange de gaz dans la colonne pendant {'essai afin que la concentration
en oxygene dans le mélange de gaz soit connue avec une précision de
+0,5% par unité de volume de mélange. ;

B4.6 Source d'inflammation

Le dispositif d'aliumage consistera en une torche a gaz butane avec ses
accessoires comme indiqué sur la figure B1, page 16. La longueur de la
flamme sera d'environ 30 mm, mesurée dans l'air depuis- le sommet de
I'écran.

Note. - On peut utiliser un “Ronson Butane Blowtorch” avec un systéme de
fixatinn “Stanton Redcroft® (piéce de rechange référence n® 9234).

B4.7 Hotte d'extr. tion

Pour évacue. les fumées, la suie et les gaz toxiques, l'appareil est placé
dans un endroit possédant un systeme d'extraction n'interférant pas sur les
résultats d'essais.
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B4.3 Specimen holdér

Any small holding device that will support the specimen at its base and
hold it verticzlly in the centre of the column is acceptable

B4.4 Cas supplies

The gas mixture required for test may be prepared using oxygen and/or
nitrogen of commercial grades or better (>98% purity) and/or clean air as
appropriate (air contains 20.9% oxygen).

The mf)isture content of the gas mixture entering the test chimney shall
be less than 0.1% by mass.

Note.- ‘It cannot be assumed that supplies of bottled oxygen or nitrogen
will always contain less than 0.1% by mass of water, although
moisture contents of 0.003% to 0.01% by mass are typical. In
particular, if the bottle has been charged under adverse condi-
tions, a supply drawn from the last 10% of the bottle may contain
between 0.1% and 0.5% by mass of water as the gas pressure
diminishes with respect to water vapour pressure at ambient
temperatures. Hence the gas supply system should incorporate a
drying device or provision should be made for measuring the
moisture content. :

B4.5 Concentration of oxygen measurement

B4.

The concentration of oxygen shall be measured by either of the following
methods. in cases of dispute method i} shall be used:

i) The concentration of oxygen in the mixed gases shall be determined by
measuring the paramagnetism of the oxygen.

ti) Gas measurement and control devices. Measuring. and control devices
shall be used which will measure and control the composition of the gas
mixture in the test chimney so that the concentration of oxygen in the
gas mixture is known to an accuracy of $0.5% by volume of the mixture.

6 lgnition source

The igniter should be a butane gas torch with attachments as shown in
Figure B1, page 16. The flame length should be approximately 30 mm
measured in air from the top of the shield. <

Note.- A su'table igﬁitlon source is a "Ronson Butane Blowtorch™ with a
"Stan:on Redcroft” atiachiment (spares reference No. 9234).

B4.7 Extroctor fon

To ensure th: ~emoval of smoke, soot and toxic fumes the apparatus shall
be sited in an areca having efficient exhaust facilities that do not interfere
with the test results.
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BS. Eprouvettes

B5.1 Les éprouvettes ont des plaques rectangulaires de dimensions suivantes:

longueur =70 mm 3 150 mm, )
largeur =6,5+ 0,5 mm, !
épaisseur =3,0+0,5 mm.

B5.2 Les éprouvettes peuvent étre moulées ou découpées et préparées 3 partir
des constituants du cable & essayer. Quand cela n'est pas possible avec un
cable contenant des matériaux vulcanisés, une plaque moulée et vulcanisée,
préparée a partir du matériau du méme lot de fabrication, est utilisée.

B5.3 Les faces des éprouvettes doivent étre lisses, sans excroissance, sans
bavure provenant de l'usinage et sans coulée de moulage.

.

B6. Mode opératoire

B6.1 Chaque éprouvette est marquée de deux lignes situées a 8 mm et 58 mm
du sommet. Pour faciliter la fecture, les lignes sont tracées sur au moins
deux faces adjacentes. Pour les éprouvettes blanches ou colorées, un stylo-
bille ordinaire peut étre utilisé. Sur les éprouvettes de couleur noir, il
convieat d'utiliser une encre contrastée. L'encre doit pouvoir sécher avant
I'essai.

Placer l'éprouvette en position verticale approximativement au centre de la
colonne de fagon que son sommet se trouve & au moins 100 mm au-dessous de
I'ouverture de la colonne.

Si une colonne a ouverture rétrécie est utilisée, comme indiqué au para-
graphe B4.1, le sommet de {éprouvette doit étre & 40 mm au moins de
I'ouverture.

B6.2 L'essai doit étre effectue a 23 * 2 °C et les éprouvettes doivent étre
préconditionnées a 23 + 2 °C et dans une humidité relative de 50 * 5%
pendant 24 h. .

B6.3 Injecter la concentration initiale souhaitée en oxygéne dans la colonne. La
vitesse du gaz dans la colonne doit étre de 40 + 10 mm/s, calculée dans les
conditions du laboratoire, 3 partir du débit total du gaz en millimétres cubes
par seconde divisé par la section de la colonne en millimétres carrés.

B6.4 Purger le systéme par circufation de gaz pendant au moins 30 s.

B6.5 Appliquer fa source d'inflammation de telle™maniére que 6 mm (approxi-
mativement) de la flamme touche le sommet de !'éprouvette. A mesure que
{'échantillon brile, 1a source d'inflammation est déplacée afin que la flamme
touct - en permanence te sommet de ['éprouvette sur 6 mm. La concentration
d'oxy.#ne ne doit pas étre modifiée apres l'inflammation de I'éprouvette.

La source d'inflammation est appliquée jusqu’'d ce que |'éprouvette brile
au niveau de la ligne des 8 mm. Elle est alors retirée et le chronomeétre mis
en rovie ’
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BS. Test specimen

B5.1 The test specimens are flat rectangular sheets having the following
dimensians:

length = 70 mm to 150 mm,
width = 6.5+ 0.5 mm,
thickness =3.02* 0.5 mm.

B5.2 The specimens may be obtained by moulding, cutting or machining from
those cable constituents to be tested. Where this is not possible with a cable
containing vulcanised material, a moulded and vulcanised slab prepared from
material sampled during manufacture of the same production batch shall be
used.

B5.3 The edges of the test pieces shall be smooth and free from fuzz or burrs
of matérial from machining or peripheral fiash from moulding.

B6. Procedure

B6.1 Each specimen shall be marked with two lines 8 mm and 58 mm from the
top. For ease of viewing each line should be marked at least on two adjacent
faces. For white or coloured specimens an ordinary ball-point pen can be
used. For black specimens a-contrasting ink should be used. The ink shall
be allowed to dry before the test.

Clamp the specimen in the holder verticaily in the approximate centre of
the column with the top of the specimen at least 100 mm below the top of the
open column. -

If a restricted opening column is used as specified in Sub-clause B4.1 the
top of the specimen shall be at least 40 mm below the opening.

B6.2 The test shall be carried out at 23 + 2 °C and the samples shall be pre-
conditioned at 23 ¢+ 2 °C and at a relative humidity of 50 ¢ 5% for 24 h.

BG.3 Set the desired initial concentration of oxygen flowing through the
column. The gas flow rate in the column shall be 40 + 10 mm/s as calculated
at laboratory conditions from the total flow of gas in cubic millimetres per
second divided by the area of the column in square millimetres.

B6.4 Allow the gas to flow for at least 30 s to purge the system.

BG.5 Apply the ignition source so that 6 mm (approﬁmate]y) of the flame shall
impinge on the top of the specimen. As the specimen burns the ignition
source shall be lowsred to maintain the flame impingement of 6 mm
approximately. The uxygen concentration shall not be adjusted after
lighting the test piece.

The 1gnition flame shall be applied until the specimen has burnt down to
the 8 mm line. It shall then be removed and timing commenced.
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B6.6 i) Si I'éprouvetté brale pendant 3 min ou plus, ou sur une fongueur
de 50 mm ou plus, I'éprouvette est éteinte et la concentration est
notée pour un temps > 3 min ou pour une longueur > 50 mm.

ii)  Si I'éprouvette s'arréte de braler avant 3 min et avant 50 mm, la
concentration en oxygéne est considérée comme trop basse. Le
temps d'extinction est noté.

B6.7 Placer une nouvelle éprouvette (une éprouvette peut étre réutilisée si elle
est refroidie et si la partie bralée est enlevée, dans la mesure oy elle reste
conforme aux paragraphes B5.2 et B6.2).

Ajuster la concentration en oxygene en fonction des résultats obtenus au
paragraphe BG.G. Répéter l'essai selon la procédure des paragraphes B6.4
et B6.6.

B6.8 On poursuit les essais selon le paragraphe BG.7 avec un essai seulement
pour claque concentiation d'oxygeéne jusqu'a obtenir deux concentrations
qui satisfont aux conditions @), b) et ¢) données ci-dessous:

a) la premiére concentration est celle pour laquelle l'éprouvette brale
pendant 3 min au moins ou sur une longueur de 50 mm au moins;

b) la deuxieme concentration est celle pour laquelle 1'éprouvette s'éteint’
d'elle-méme en moins de 3 min et brale sur une longueur inférieure 3
50 mm; .

c) le nombre exprimant la différence entre les pourcentages de concen-
tration d'oxygeéne trouvés aux points a} et b) ne doit pas dépasser

0,25.

La concentration en oxygéne correspondant au point ¢) est considérée
comme l'indice doxygéne approximatif 3 ce stade de l'essai.

B6.3 Des essais de confirmation sont ensuite effectués en utilisant les critéeres
suivants: '
A chaque concentration d'oxygéne essayée, le résultat majoritaire de trois
déterminations est retenu comme le résultat pour cette concentration (les
résultats des seéries originefles, obtenus au paragraphe B6.8 sont inclus).

La premiere concentration essayée est, par exemple, l'indice d'oxygeéne
approximatif obtenu au paragraphe B6.8. Le<S essais sont poursuivis par
paliers n'excédant pas :0,25% de concentration d'oxygéne vers le haut ou
vers e bas selon le resultat majoritaire a ce stade de la détermination.

Quand les résultats majeritaires obtenus sont conformes aux dispositions
des points @), b) et ¢) du paragraphe BG. 8, i'essai est arrété

N
Le résultat majoritaire correspondant au point a) du paragraphe B6.8 est
considereé comme llindice d'oxygene absolu du materiau en essai
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B6.6 i} 1f the specimen burns for 3 min, or longer, or for a length of
" 50 mm or longer, the specimen shall be extinguished and the
concentration shall be recorded at or after 3 min or at or after
50 mm.
i
i) If the specimen stops burning before 3 min and before 50 mm the

concentration of oxygen shall be taken as being low. The extin-
guishing time shall be recorded. ,

B6.7 insert a new specimen. (A specimen may be re-used if cooled and the
burned end cut off, provided it compiies with Sub-clauses B5.2 and B6.2).

Adjust the oxygen concentration based on the results of B6.6. Repeat test
proceddre of Sub-clauses B6.4 to B6.6.

‘

B6.8 Continue the-test according to Sub-clause BG.7 with one test onty at each
oxygen concentration until the results obtain two concentrations which
satisfy the conditions given in ltems ag), b) and ¢) below:

a) the first oxygen concentration gives the result that the specimen burns
for at least 3 min or along a length of at least 50 mm;

b) the second oxygen concentration gives the result that the specimen
extinguishes itself within less than 3 min and burns along a length of
fess than 50 mm;

c¢) the numerical difference between the percent oxygen concentration
found in Items a) and b) shall not exceed 0.25.

The oxygen concentration corresponding to item a) above is taken as the
approximate oxygen index value at this stage.

86 9 Confirmatory tests shall now be carried out using the following criteria:

At each oxygén concentration: tried, the majority result of three deter-
minations shall be recorded as the result for that concentration. (Resuits
from the original series, obtained in Sub-clause B6.8 shall be included.)

The first concentration tried should be the approximate oxygen index
value obtained in Sub-clause B6.8. Tests shall then be continued in steps

not exceeding :0.25% oxygen concentration either up or down depending on
the ma 2rily result at this approximate oxygen index value.

When majority results are obtained which satisfy ltems o), b) and c) of
Sub-clause B6.8, testing shall be discontinued.

The wajority result corresponding to Item o) of Sub-clause B6.8 s
taken as the absolute oxygen index value of the material under test.
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B7.

B8.

Procés-verbal d'essai

Le proces-verbal d'essat doit contenir:
i) la valeur de l'indice d'oxygéne absolu,
ii) une description des comportements inhabituels observés pendant I'essai.

Confirmation de i'indice d'oxygéne minimal

La procédure qui vient d'étre décrite permet la détermination de la valeur
de l'indice d'oxygéne absolu. Quand il est demandé de vérifier que l'indice
d'oxygéne est au-dessus d'une valeur minimale spécifiée, on adopte la
procédure décrite aux paragraphes B6.3, B6.4 et B6.5 et l'exigence est
satisfaite si le point ii) du paragraphe B6.6 est applicable.

Notes 1.- Colonne d'essai
11 2 été démontré que si le verre de la colonne d'essai devient

trop chaud, un indice d'oxygéne plus faible peut étre mesuré.
11 est donc suggéré d'utiliser deux colonnes d'essai.

ho
'

Etalonnoge

On utilisera des méthodes adaptées et un équipement fiable.

3.- Débitmetres

Si les débitmetres utilisés sont étalonnés pour !'air, des
corrections seront faites pour tenir compte de la densité des
gaz.
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B7.

B8.

Report
The report shall include the following:
i) the absolute oxygen index value,

it} a description of any unusual behaviour observed during test.

Confirmation of minimum oxygen index

The procedure which has been described, is for determining the absolute
value of the oxygen index. Where it is required to check that the oxygen
index is above a minimum specified value, the procedure outiined in Sub-
clauses B6.3, B6.4 and B6.5 shall be adopted and the requirement is
satisfied if Item ii) of Sub-clause B6.6 is applicable.

Notes 1.- Test column
It has been found that if the glass test column becomes unduly
hot, lower oxygen index values may be obtained. It is therefore
suggested that two test columns should be available for use.

2.-° Colibration. !

Suitable methods of calibration and degree of accuracy of
equipment are to be incorporated in due course.

3.- Flowmeters

If flowmeters are\use‘d which are calibrated for air, corrections
should be made for the densities of the géses.
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