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FLA,."\lMABn.,ITY TESTS orr MATERIALS SUFPLIED BY THE J!'L'!\j\f!\iA.BILJ'rY 'rES';'me
ppJ:rEL Ol' :t'lill 'l'EX:TILE TITSTITU'rE

C. T. ''.lebster

At the first meeting, 29th March, 1955, 0"° the Flammability
Testing PaneI of 'l'he Textile Institute it vraa agr-eed that "The aim of
the Panel was to TIk~ce recmNfiendations leading to a standard method of
test, or a related group of methods, but failing this a critical survey
of the present methods and their uses should be prepared". It was also
agreed at the meeting tlli,t members should send samples of fabrics to
The :1'extile Institute for dispatch to other members who would carry out
flammability tests., The following report describes flnmmability tests
made ,by the Joint ~ire Research Organization on textiles supplied by
the following Organizations:-

British Cotton Industries Research Association.
Messrs. Courtaulds, Ltd.
Lace Reseerch ,1ssoeiation.
Joint J!~e Research Organization.

The flammability results given in this report are frcrfi thc materials
subjected to the follo.1ing tests:-

~2
1 ) Vertical flame spee9 ~est (1)

) Semi-circular test t 2; .
3) The .I\merican Peder-a.L Test CCC-'1'191b. (In this test as

carried out by the Joint l/ire Research Organization a
coal gas fleme was used instead of n butane flame).

Before testing half the samples conditioned to 57 per c0nt relative
humidity at a temperature of 26°c and the remainder Viere dried in an
oven Cot 1050 0 for 30 minutes. 'rhe weight per unit area was determined
for each material, after conditioning.

R~ults of test~.

The individual results of the tests are given in,Appendices 1, 2,
3 and 4. As no identification numbers were found on the Lace Research
Association fabrics, samples of the fabrics have been atcacned to tho
results in Appendix 3. In Table 1 vertical flame speeds have been
calculated from the semi-circular'test using the following empirical
formulae:-

,
','

v = Q'078JJ2~.
T

when flame completely spreads
round the semi-circle

)where flrune spreads partially
)round the semi-circle

where V =vertical flame speed em sec-i.
T =time seconds.
D =distoolce of flame spread in em.

In the AmericOOl Peder-al, Test the times" in seconds, are given for ';;he
flame to spread up the 4 in. strip end release'the weight.
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Discussion
...:-.-....-..-...... -_... '.

The ne an result for each fabric is shovrn ill 'I'abLe 1. In liligure 'I ,"
the vertica.l flame speeds calculated from the results of the semi-
circular test are shown against the measured vertical f'Leme speed. Par I

the American rrest the reciprocal of the time 'inll give a measure of the
mean rate of spread alonS tile slope and tIns is ylotted against the
measured vertical flame spe ed (sne !,1:i.S. 2). :f3()'~~: '~csts ~ .)pc:.r 'co Cl':.::lr'3;;;;:L',1~..in tl",.. •
vertice.l flame speed of 9.~~e acet/;,J:;~_ rayon and cotJ~~£.02.., y;Lile the
American Test underestimates the vertical fle~e speed of ~60~v2ol cott~

and the semi-circul~ test overestamatee that of J2:i:Elc_£a~~d vi~.~;:;~_£ayon
with the fluff below.

Apart from the fabrics mentioned the observed and calculated vertical
flame speeds for the semi-circ;ule.r test are in r-easonab'l,e agreement for
specimens conditioned at 26°0. In general, both tests give similar
results'. This may be 'seen more c.le ar'Ly if the time of spread for fabrics
spreading 21 in. in the semi-circular tests is plc)"i;ted agadris't the time
of spread in the American Test as in l~igure 3. This agreement suggests
th~G both tests are in general measuring similar physical properiies of
the fabrics.

'1'he results of both tests suggest tw.t more consistant results are
obtained if tests are confined to conditioned ruthar tlw~1 oven-dried
specimens. TlUs is possibl:;r due to the changes that may occur during
the period after drJTing and during the test. 'rhe results for wool'

,cotton 1.).0/60 i'd.th the Amer-Lcan Tests were dependent on whether ·the
flame actually penetrated the fabric in the 1 second it was in contact
vli'th it. l.ror about half the tests "vith the oven-dried specimen the
flame penetrated the fabric giving an average spreading 'i;:ime of
13 seconds, and for the remainder it did not, Biving a mean time of
38 seconds. ';':'ith the conditioned spe cdmen the flame did not penetrate
and burnt up tihe top sica only. '..t.;his resulted in a t~ype of burning
different fran that when the f'abrd,c hangs frce:}i A similar behaviour
has been obser-ved vlith cellulose nitrate film ~li-) where the mean spreading
times were,3.5 and 11· 6 seconds onl~T for tests in \lhich the emulsion was
on top and beLow respectively. In the semi-circular test with raised
viscose rayon with the fluff below, the f abr-i,c burnt more rapidly on the
fluff side than on tre reverse side and this appear-s to have given rise
to too great an estimate of vertical flame spe ed, Ho detailed statistical
analysis ha.s been made of' these results so th.'-'.'.; it is not possible to maxc
a more specific comparison of the two ne thoda of test.

Conclusions....-.. - ~~.....,.......----
Both tests in general classify materials in the same way, but there

are some anomalous results with both tests when ';;he;,/ are related to the
vertical flame speed. The fJ".1erican 'rest may give varic.ble results yrith
some matier'La La due to the fact tl1a.t the flame does not aluC\Ys pGi:iucro.te
the eo..npf,e, 'llhe British Tout gives rnpid f lone spread ores: brushed
tlD,tcrials rloon the raised f'o.bric is p l.aced downwards , 1'ho times involved
in the American Test are about one-tenth of those involved in the semi
circular test.

Conditioned spe<?imens give much more reliable results than oven
dried specimens.
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TABLE 1

Eessra. Courtaulds. 'rhe average test results obtained from fabrics
from various sources

•

---+- ..._ .. -- --....-t-----
9-5

'rc-.:' -,
t ,; ·_··

....L:.

8.2
26.2

25· 3 I

27

23·6

A:116-x::, .c:

9-3
10-4

Ce.Lcu La'ced
vertical

flame speed

II3·4

_.... '....., ... '" .... -.
",,- '.'---' ....

4·4 5.3'5 (21 1t
) '146

5'9 II '103
4·8 If }25

5·6 II 151
4'8 It 146

5·6 II 107
2~S " 527

19·1

451 3·1
- DID Ear FLilldE -

I i
- DID HOT FLAME -

; J
BRI'l'ISl-I CarTON DmUS'l'RIES 11ESEfillCH ASSOCIATIOH

"'-----.'.' _--~---_._.-..'-~--. -_.•. -~ -'r·_·~~·"·_· --, ~ _~_.

!

. I Semi-circular test
Vertica

J
'treatment ~'eight flamecm- 1 speed " .. ~.- •.~ _._.-

em sec-1 Distance ~ime
(em) sec

i
Conditioned I 1.3

at 780]' 57% R. H
Oven dried
Conditioned
78°1" 57>b R.H

Oven dried I
Conditioned I

at 78°F 57~~. R.Hj
Oven dried
Conditioned

at 780 F 571b R.H.
Oven dried !

Conditioned
at 780:&' 57? R. H}

Oven dried

Blue acetate
rayon

Dacron fibro

Pink raised
viscose rayon at
fluff on top

Pluff below

l1'atcric.l

.1"-----..-.

. I-0Ihite nylon

,,

I
.!

B. C. LR. A. 1
at

B.C.I.R.A.2
at

B.C.I.R.A.3

Conditioned 13-8 4·4 53'5 (21 11
) 215 6·6 17·2

78°]!' 57,': R. H.
Oven dried 5'7 tI 172 8'3 18·0
Conditioned 111-'0 4·8 It 204- 6'9 19' 2,
78Orl' 57j~ R. H.
Oven dried 5·9 11 172 8'3 19' ~/

Conditioned 15'5 4-7 II 242 5·8 17' -;
Oven dried 5'5 II 186 7·6 14" j

LACE RESE\RCH ASSOCIATION

Het A Conditioned 4'39 45 II 40
Oven dried 43 If .39.- Net B Conditioned 2-57 35 II 46

~- Oven dried 58 II 45
Net C Conditioned 1·62 .39'5 II 37• Oven dried 31 " 27
Het D Conditioned 2'54 24 1/ 55

Oven dried

I
58· " 2~~ 1 Yellow Conditioned 15'5 4·9 45

locknit

IRayon Oven dried i 6-3 5.3.5 (21") 2.39
t

.ronrr J!lmE RESEillCH ORG~\NIZNl'IOH

I
Cotton Conditioned 15·6 4'9 53-5 (21 11

) 240
1 Oven dried 5'5 " 201

Wool/cotton! Conditioned 12-5 5'9 30·5 70
40/60

2 Oven dried 6·0 34 94
1 Cotton Conditioned 6-4 8·8 52.5 (21 11

) 106
3 Oven dried 10·7 II 94

_ • .L. .......

37 3-2
38 3·1
33 3·5
33 3-J".-
40 3'~-55 2.
26 5. 1
37 ~ 'j

4' 6 2 :4
5'9 'j 6' 6 .

5·9 u., 0
7·0 -1 x,i...

5·7 )+5

5·7 25
1.3·8 6.6
15'2 5'7
....... ~ ......~_. ..•. ~......... - ...... -.............
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AP='EtID2 1

26.5
22.0
21.0
26.0
~5

--r------------~~

9·' 18·5
20·0
18·5

. 14,.·5
14.·5

4,.; 27·0
26-0
27"5
25·0 _
26·0
26·0

13·8 8'5
a·s
8·1
8-2
7'9

CALG, V. F. So AMERICAN
V. TESr

TIME : SEeS.
--~----,----~-------- -~- --~- ~"----------

10.4- ' 10·0
9-5
8'7
9 05

9'7

MEASURED

V.?S'_1
ems. sec

~---~----- --- --------"---~_-~---.---__l

II
"
1'I

53·5 cm(21") l;..9
n

Mulf' underneath
139
150
154
140
137

'1.55

Conditioned

DETf. iLEP TEST F25'PLTS uN FABRrCS SUBMITTED BY 1,fESSRS.

SEM!CffiGU1J,R PEST

MATERIAL TRF.ATM!i!~ 'i'iEIGHT TIME DI::''TAHCE
mg.cm-2

-~--~~~-~ ------_. ----- -"-_.__ .. ----- --_ .. -' -- - - 1?~.8. - --~- ... _--~- -- -_ .. - - - -"-----.

Blue Acetate Conditioned at 13·00 139 _53·5 cm(21II)
Rayon 780F and 57Y;' 150 II

(Courtaulds) Relative Humidity

1

154 "140 n

137 n
; 155! II

I mean =146 sees mean = 53·5 ca
!
! even Dried 104 53 5 cm(21")
~

102 "
10\. II

107 "
100 "

99 II

mean :: 1G2·7 mean: 53-5 em

- _.__ .- - ----- --- -- _..-
I
I Fluff on tOR

1 PilJk raised Oonditioned 19·10 323 5.3-5 cm(21 n)
.. 325 II ~

i viscose rayon
I (CoW"taulds) 310 II
I

,
i 320 53·0

.j:
I 337 53'5

I

337 IT

mean =325·3 mean=53-5 em
~

(Fluff on top) Oven Dried
i

149 53·5 cm(21" )
! 219 tI

, i 123 If

I 1 109 "i 175 It

! 133 1'I

, j mean :;: 151·3 mean» 53-5 em,
;

1
--

j

j T-~--~~-----
•• "_L ____ ._--.- ..---- 1--- ---- I-------~ - --- ---

me8J1= 53-5 em

(Fluff below)

Dacron-fibre

Oven Dried 108
93 .

105
115

6l..
156

517
519
538
546
521
522

It

n

n

II

n

53.5 cm(21") 2·8
"
II

"
II

II

25·0
30.0
25-3
22.0'
24.-0

27·0
27.0
26.0
28.0
26.Q
26.5

I
lraean = 527

Oven Dried

i

I
I

------------'-------- ------ --l-~------------

465
4-58
469
44B
452
412

lmean ::; 450·7

--~-------_.. -.-~- , ..

53· 5 cm(21")
II

n

n

"
II

mean= 5;.5 em

22-0
2.5·5
23·0
~5
22.0
24-5



A: .E::m:u.: 1 canto.
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SEl,.Tv~::>~U~J.F. TEST ~{f~:'~SlJi~W G..:'l~;. ~,,,<r .. ~,,\1. ::' .. .Al':llllilv...:J.;
IMT,~:RHL :i.'::'\£J'_T1m";T ,'iEIGhT

·l-.~",E.I. 'V. TES'?- TJJ.:E' DISTA;~CEmg. GIIl-2

sees cr., sec- 1 '7 n'r!E : SEeS

m'dte Pylon Conditioned at ly. 70 . did not J '.stance melti:'( : - c~d root -
( Gourtaulds ) 78°p and 57/- burn, on ly .~'. 1 CI;J ourn.

Relative liu:r,idi ty melted \ t ern...:-.....)

~.5 em
6.5 em
;.1 em
5.7 em

r ',an= 5..2 am

Oven Drded : did not 7,. L' CI:!

burn. ~ .1 C:In

I' .1 em
- r.::m'., .,
':·7 em
5 -1 c:m

TlIc;an= :.) ;..JIl

_;J '-i.-'EiillJX 2
DE."l'AILED TEsrr :ii.E':'U..TS LN ,:,';J..BEIGS S'GBM...J.TTill BY nr:lr~lIdl~ _·(/1?l../!4 I!;DUS"'l~- J 1::S -~, C'........ . ".-'.". ~

.~S3vi.JI cc'-::I ca:c-~ 'u.L:u1..,L .... , 1

I
6.6 E,· £E. C. 1. R. «, 1. Gonditioned 1.3.80 220 53·5 ern (~11!) 1;,·4 1

210 " 1 6.4-
210 " 1}.8
216 It 1 C'..0

215 I! ., 7·0
217 tl

Il'~aI".= 215 ;:nean= 53·5 em

even Dried 172 t : • .5 em 5·7 ;:; 7 1 C "' ....... J ~' " z,

172 " '1 i. 5
'l7" !! 1 ...,i! ....

;

170 " 2\"'.0
172 It "17 ••
172 n ...

r:~- .. ....)•

meane 172 mean= 53-5 em

B.C.I.P.A. " Conditioned 14-·00 209 53·5 ('1" ' l.,;) (:·9 1 S'· 6('.. em '-.. ) '+ u

198 IJ 19-0
2(,;5 " 21-{)
204 11 1 ~ - ~
205 'I 1s- 5
205 'I

mean= 204-5 ean-. 53':' em

(rven Dried 166 53'~ cm(21") 5·9 5·5 17.2
~

172 " t I .. 5
171 II 1 c', I'-' .
175 II """: ...... 'Z

':"L 1- ,j

175 -
II

L...~
./)

175 " 17. J

,
meane 172· 3 53·5-"an'" an

B.C.I .. R.be 3. Conditiuned 15'5° 21~5 53·5 cm(21 11
) t··7 5·8 17·3

250 It on .0
246 or "1 (;.6
i.!f3 1I 1° ':
21[.2

,/ ."-
Il 1 E:. 1

230 r 1'~ '"l • '7

meane 2~2·5 1an= 53·5 em.

, even Dried 171 53·5 cm{ 2111
) 5·6 7·6 15"0

182 It 14· 2
1b5 II 13·7
191 II 1).1
190 II 15·6
195 rr 15·7

mean::: 1f,:;·7 ,,3a.n= 53·5 em ~
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Al?:~mIX 3
DE'l'AILED 'fEST B.E"3~Jl.'l'S co..; ?P.BRICS 3Umll'i'TEI) BY LACE RESK'..!l.L:n ASSuclNl'Hm

YJlT~.uU-, .-EIGHT '-:LE D.:LST11l;CE
Sees ins. ems.sec.

GJJ.l.:. V•.F. S.
V.

M;:ERICAN
TEST

T Il!iE : SEGS

Net A Condit i- .ned ~t

78°F and 57::
ReJ.ative Humidi ty

even Dried

Ld9

eane 1..0.3

41
4D
38
39
38
.39

ueane .39

1I

II

or

tr

n

It

II

II

tl

mean:: 53' 5 em

1;-5·00 37

;8

.3-4
3 .. 2
3-1
.3.0
3-~

3·2

2. Cl
2·9
~. -- ?./ ....
"'::.• f",

..-' ~

~5· ;~
~ .;;--·4

Net B Cond.i tioned 51
47
46
46
45
44

mean: 1.,-6· 5

~7 5 ,-(\91";'' .. - """"' ..

n

II

meane 53-5 em

J3 3-9
3 ..1
3-4
.3-5
3-7
3-7

even Dried 4-5
47
45
44
45
46

meane 4-5·3

5.3-5 011(21" )
II

"

"
It

mean: 53-5 em

.33
3-.3
3 ..5
2-.3
3 c5

4.1

J:~et C Conditioned 1.62 33 5.3-5 cm(21") 39'5 4D 3-2
41 II .3-3
38 " 3-6
37 11 3-2
38 " .3-5
36 ., 3-5

,('"'
~

mean::: 37'0 mean= 53·5 ern

Lv!:;;n Dried }O 53-5 an(21II) 31. 0 ;)5 2-9
26 .. 2-5
26 " 2 ..3
27 II 2-.7
28 n 2.8
28 " 2·9

mean= 27'3 ::lean= ::J. C; em-'./ -'

Net D Conditioned ,-·54 55 53·5 cm(.~1 II) 24·0 26 4-8

57 " 5-7
54 tl 5-1
57 " 5-1
55 " 5* ~~.-
52 II L-8

'~,

wean::: 55 rneane 53·5 em

,--yen Dried 39 53·5 cm(Z1 tl
) 58·0 37 4-6

40 " ;-9
l~O " 4-2

39 t: 4--1

40 It 3-8
40 II 4_1

ae ane 39.7 neane 575 en

~o ,Q... ,.I.,.~
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API'r:IJJ;.lIX 4-
LEl'.AI1ED ?EST F:ESUi,'i'S GN FABRICS Sl1EiUT'l'ED BY JeD-no l"IT-lli IU::SE.ARCll 0:dGi.l:IZld'ION

,; \~"".Si.fa.ED
L}J~...,.'ZrciJJI

SE},ilvmG'J~.'\R ~~~ST CP.LC, TEST l\.E1!J.lG:'':''1CS\Y .. :!~. s. ~r .,.~

~I~,~ SEes1-,JtT~~I~;l ~4.T3Z:J"~1 :EIGJIT ,.. • -. • "--J,, ;';,-niE l.:IST ., ,li';~: cm.see- 1 V.~Pr.<l
• ~,., ,T l 0.P1"'u:.....J.U\

5 S,'-ECIJ,~;5

Cotton Conditioned at -':-·58 ms.cm-2 246 53-5 cm(21f') l~. 9 5-9 14-0,
11.10. 1 71.6°F and st: 241 !I

i
I P.elative .Rumioit:V 21,2

I,

I :~41
It

232 "
240 "
240 53·5 ern ~

v
meane sees mean=

I
even Dried 193 ~3'5 cm(21 11 ) t:: .- 7·0 13·4s "'- -'

I 201 "
202 II

I 195 "
~ 2(4 'I

210 "
. lTnec.._= 201 .sees ree ane 53'5 em.

1

60(~ ,'fool ~;o'-Jdi ti.oued 112. 52 IJ.gill CfJ- 2 60 13~--'· 5 em 5·9 ,·7 i~5 ,io ;,=,ene tra'ti.on of4D1
- . cotton 66 ~2 fabric by flame in' -

Nc'. '" so ~3 lu.1erican testL

I
-" ~1! )0

93 "'-~;>

I 65 29I, I

iI i

I ~'-,an:;:: 70 sees mean= ;rO·5 em .
I
I

~4I L·~;r3-n Dded 7, 6·0 5'7 25 13, s~cs ~ea-l'J -:N:tj$;~ i'1d.!1!eI

I 138 42 ,oe~1etra ted t"abric~

I
1

85 "'5·5 38~ .',hen .l~laru.e did ;10t

I
91 7,5'5 ~)E:netrate f'a..bri.c.
96 ~6

I 21 B4-
II

!
I

trlean:: 94· 3 secsr-eane 34' 5 em.
I

IX>ttun Conditi~'n~d

!6·41 ms.cm-2 105 13'5 cm( 21 rt) e.8 13·8 6.6
NG. 3 106 !I

I 106 --
; 1v5 n
i .
; 106 "1c6 II

I mean:;:: k6 sees m'ean= 53-5 em
1 _I

CL:.(21II )Dried I 96 1(,. ~ 1:'·2 5-7j z...v en 5)" 5 ,
i

i I 95 II1
I 93 IIi
I

95 tl

I 94- n

I 94 "I
I
I

--j mean:: 94--5 seCSmean:: 53·5 em

L__ --- ---
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AP~'EN1)IX 3 corrtd,

-", SEWJC~CUDl~ T3ST },iEASt[,:,-:ED CALC. U. 1';1. S. ..:.1,1T:.R~GA-~

MATERIAL TF.I:.AT;",:B}-IT' t;EIGH'l' V. P. S. 't r TEST
TINE DIS'.:.'lJlCE

v.
Crus. sec. 'i'D.;E . S:EX;S

'4 ins•
.

. sees
-

Yellow Lucknit Conditioned at 15'5 1J-tB 39-5 em 4--9 4·6 23-0
Rayon 780 p and 57;~ 177 41 20-4

Relative Humi.dity 203 4-3 20-0

234- 46 19-1

294- 50 19-2

.325 51 \ 21-0

.
mean= 230·2 mesne 45

Oven Dried 252 53-5 cm(21 If ) 6' .> 5-9 14-8
219 II 17-0
240 II 17-0
257 If 16· 7
241 II 17- 1
224- II 17- 1

mean= 239 mean= 53·5 em
I
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